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Gender- and Age-Related Differences in Heart Rate Dynamics:
Are Women More Complex Than Men?
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Objectives. This stady aimed to quastify the compiex dynaraics

of beat-to-beat sinus rhythm heart rate fluctuations and (o
determine thelr differences as & fusction of gender and age,

hcbmd Recently, measures of heavt mte vaziability and

of heart rate d have bees nsed

s mdlmm of candiovascular kealth, Because women kave lower
cardiovascular risk and greater longevity than mex, we i

enfropy, 2 mensure of regularity derived from aonli dynami
(“chucs” theory).

Results, Mean heart rate did nat differ between the age groups
or genders, High frequency heart rate powerr and the Lighflow
frequency power ratlo decreased with age in bsth men and women
(p < 0.08), The high/low frequency power ratio during spontane-

that there are importani gender-related differences In beat-to-bemt
heart rate dynamics.

Methods, We analyzed hesrt rate dysamics during &-min
segments of contlnsous electrocardiographle recording in healthy
young (20 10 39 years oid), middie-aged (40 to 54 years old) aud
elderly (65 1o 90 years old) men (n = 40) and women (o = 27)
while they perfo and e (15 breaths/
min) breathing. Relatively high (9.15 to 0.40 Hz) and low (0.01 to
0.15 Hz) frequency components of heart rate variability were
compuied using spectral snalysis, The overall “complexity” of
each heart rate time series was quantified by its approximate

ous ami mic breathing was grester In woimen than men
(p < 0.05). Heart rate approximste entvopy decreased with age
and was higher in women tkan men (p < 045).

Conclusions, High frequency beart rate spectral pewer (associ.
ated with parasympaibetic sctivity) and the overall complexity of
heart rate dyvamicy are higher in womes than wen. Thes:
complementiary findings indicate the need to account for pemder-
a3 vell as age-relnted diferences kn heart rate dynamics. Whether
these diferences are related fo iower cardiovascular
disease risk and greater lomgevity in women requires furiber
study.

(J Am Coll Cardiol 1994;24:1700-7)

Amcrican women outlive men by an average of 7.5 years and
consequently represent the largest segment of the ekderly
population (1). Muhiple factors have been cited to account for
this increased Iungmly. mcludmg lhc protective cffect of

gen against the devel y anery disease
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(2). Becausc they develop manifestations of cardiovascular
disease at a later age than their male counterparts (2), women
tend to have healthier cardiovascular function than similar-
aped men throughout adult life,

Recently, 2 varisty ufmaasur\-.s of heart rate variability have
been used as indi of lar health, A reducti
in beat-to-beat heart rate variability during sinus rhythm is
associated with aging (3-12), congestive heart failure (13.14),
corunary artery disease (15,16), postprandial hypotension (17)
and sudden dexth syndromes ( 18,19), However, little atrention
has been paid to the effects of gender on hoart rate dynamics.

Despite thc widespread application of conventional mea-
sures of heart rale variability, traditiona! indexes based on
mean and variance provide only limited information aboui the
inmegrated dynamics of healthy or p d cardiac fu
Additional informativn quantifying beat-to-beat fluctuations
can be obtained by spectral analyﬂs and Ly recently described

derived from nonti {(“chuos™ theory).

Approximate entropy is one such measurc that provides an
index of the “complexity” of the output of a dynamic process
{20-25). Greater eomplgxlly (irregularity or unpredictability)
ofa process ponds tv farger approximate entropy values,
Our previous work (24,26) has documented a decline in the

(735-1979-4$7.00
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complexity of sinus rhythm heart rate dynamics with healthy
aging,

Because women live longer and develop cardiovasculur
illngss at a later age than men, we postuiated that wemen
would have greater heart rate variability and greater "complex-
ity" of hizurt rate dynzmics than men across a wide adult age
spectiun.

Methods

Subjects. Eighty-thiee healchy subjects 20 10 %) years old
were recruited from che focal community and screened with a
detailed medical his.ory. complat: physical examination, in-
cluding postural vitai signs, and an electhiocardiogram (ECG).
Three young subjects were subsequently excluded (prominent
atriel ectopic beats on the ECG [n = 1), develupment of
syncope curing participation in another study of head-up tilt
testing {n = {]. technical problems with heert rute recording
[n = i]}. Three middle-uged subjects weie excluded (obesity
and a history of an sbnoimal glucose tolerunce test on a
previous physician visit [n = 1], hypertension {detined as
repeated supine blond pressure readings >130M0 mm Hp. n =
2]). Ten elderly subjects were {uded (technicul probl
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Data anaiysis: spectral and “cosuplexity” measurements.
Vidzotaped ECG signais wers digitized 2. 250 Hz: then cach
QRS complex was idenificd and annotated as a sinus or ectopic
bea:. using an automated arrhyihmiz dewection algorithm. The
annotations were werified by visaa' inspection. Eight-minute
sections free of ectopic beats or artifacts were selected for analysis
during ic amd quiet b g Uniformly sampled
“instantancous” heart rates during these S-min sucticns were
abtained by resampling the RR intervals a1 2 Hz

Each S-min heart raie time series was avalyzed with a fast
Fuovrier transform algorithm. viclding a 512-point power spec-
truia for the 0.0- 10 1.0-Hz frequency band. Heart rate power
{area under the curve, reported in arbitrary units) was then
computed for three spectral bards: total (.08 0 04 Ha),
relatively low frequency (0.01 to 0.15 Hz) and jugh fiequercy
{13 10 0.4 Hz) during quict and metronomis breathing, In
addition, the power in the nalfow ‘)73- 0 0.27-Hz hand was

p during met b g to provide a more
specific mwasure of the magnitude of” mp.mnrg sinus arrhythy
mu during controlied breathing ai 025 He, The highflow fre-
Gueacy power ratio during quiet and metronomic breathing was
also measured. This provides an index of parasymputhetic refative
to sympathetic nervous system tone. which is an indicator of

[ ular beaith, knuwn to be decreased in patients with

during the heart rate lities discov-
ered during g fn = 6L g an ab | baseline
ECG [n = 4], mild Parkinson's dissnse fn = 1} and an

unexphined buccal mass {n = 1}).

Al of the remaining 67 subjccts were physically scive and
highly fllnclinnal. None used tobacen preducts or took medi-
cations (including est ). No evidence of meical diseases
Was present on a u.reml review of the medicul hlstmy physizal
examination or ECG. No subject had prior surgical procedures
of the head, neck or thorax that would afiect autonomic
inncrvation. The final sample was divided into three age
groups: young (20 to 39 years, n = 21); middle-aged (40 to 54
years, n = 26); and clderly (>65 years, n = 2().

The study was approved by the Instirutional Review Board
of the Beth Israci Hospital, and all subjects provided written
informed consent.

Daa collectiun, All subjects were supine for a minimum of
10 min before the start of dats collection. Subjects were
studied between Il am and 6 PM, at feast 2 h after meal

and after at g from caffeine: ining bever-
apes for 2 minimum of 12 h, There was no significant difference
in the tme that subjects from each age group were studied.
Continuous ECG signals were recorded from wipolar precor-
dial leads onto videotape (JVC video recarder interfaced to a
Vetter Digital PCM recording adaptor) during 10 min of
metronomic breathing, followed by 15 min of guiet (spontane-
ous) resp.rnl-nn while supine. Metronomic breathing was
P d to dsedi ,' Y rate uccause differences
in breathing fre could i differences in heart rate
dynamics between age and gender groups. During metronomic
breathing, subjects breathed in time to tape-iccorded cues, at
& rate of 15 breaths/min (0.25 H).

congestive heart failure (14) and coronary artery disease (15).

Approximate entropy is a “regrlarity statistic™ that quanti-
fles the predict=bility of ﬂucluulions in 4 given variable such as
heart rate (20). The methocolngic details for computing 2pprox-
mate entropy have been puhllshed elsewhere (20-25), Approxi-
mate entropy is formally defined in the Appendix. Briefly. ap-
p entropy the (logarithmic) likelhood that a
serivs uf data points that are a certain distance apart (r) for a
giver number (m) of obscrvetions remain within the same
distarce an next incremental compari.ons. A grester likelihood of
remaining the same distance apart (e greater regularity or
predictahility) p smaller app catropy values.
Converstly, the more complex (less regular o predictable) the
process. the higher the approximate enircpy valuc.

For this study, approximate cntvopy was caleiiated forn = 960
cpnsecutive heart rate data points. Two inpat variables, m and r,
must he fixed to compute approximate entiepy. We chose m = 2
and 1 (effectively a “fltes™ factor) = 20% of the standard
deviation of the data sets. These valucs were selected on the basis
of previous studies indicating good stetistizal validity for approx-
imase entropy within these variable ranges (20-25).

Statistical analysis, Statistical comparisons of eart rate
spectral power data were performed after logarithmic rans-
formation of the data, to normalize the distributions acioss uie
age ranges (9.27). Heort rule spectral data and approximate
eniropy values were compared between age and pender groups
using a general finear models analysis of variance procedure,
with tests for age and gender effects as weli us their interaction.
When stetistical differences were identified across the age
range. Bonferroni ¢ tests were use! to assess the differences
between each age group, Differences between nien and womea
within cuch age group were compared using standard ¢ tests for
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Table 1. Clinical Characteristics of the Study Subjects
Young Subjects Midde-Aged Subjects Plierly Subjects
Men Women Men Womea Men Womea
(o=13) (0=9 @=1) (@=9 @=11) =9
Age (ym) 2 ne 80 H“Q nE@) BE@)
BMI (k') %) 3 3 2y 5(1) B(1)
HR (beats/min) 65(3) 60(2) &R 66{2) 65(3) 67(2)
R-SD 35(03) 3903) 39(03) 36(04) o2 22(02)";
SBP (mm Eg) i 103 (¢ 118(3) 105 (3 13203 130/
DBP (ram He) n ne %(2) () BE “)

*p < 005, elderly subjects have a higher suping sysiolic blood pressure (EBP) and a kower sopine beart rate standard
devialion (HR-SD) during 8 min of co.tinuous reconting (quie? breathing) than the other two groups. 1p < 0.05. lower in
wamen than in men. Data prescoted are mean value (SE). BME = body mass indes; DBP = supine diastoBc blood pressore.

cqual or unequal variances. Linear regression with gender as a

iate was used to the relation b approzi-
mate entropy and heart rate spectral indexes. Data were
analyzed using the SAS (V6.06.01) system op a Microvax
cemputer. All analyses were performed using an aipha Jevel of
0.05 as the criterion ior statistical significance.

Clinical characteristics. Selected clinical characteristics of
the subjects are summarized in Table 1. There were no
differcnzes in busal mean heart rate between men and women
at ain age. Heut rale varsizbility, measured as the standard
deviation of heart rate during 8 min of supine recording, was
fowar in elderly women than men (p < 0.05). Young and
middlv-aged men had significantly higher basal mean sysiolic
blood pressure than in women of similar age (p < 0.08).
Overatl, elderly subjects had a significantly higher Lasal systclic
blood pressure and lower heart rave variability (standard
deviation) than young and miditle-aged subjects (p < 0.05).

Heart rate spectral power, The relations between age,
gendsr and hean fale power specuum during qulet and

g are d in Tables 2 and 3,

respectively. Figure 1 shows the relation between age and the
high/low frequency power ratio for men and women during
quict breathing. All spectral power indexes (total, low and high
and respimoly frequency power) during both quict and met-
ronomic breathing were significantly lower in cklerly than in
young or middle-aged subjects (p < 0.05), Overall, women had
significantly greater “respiratory” (0.23 to 0.27 Hz) frequency
power and high/low power ratios than men during both quiet
and metronomic breathing (p < 0.05). Women also had
significantly greater power in the total (0.01 to 0.4 Hz) and high
(0.15 to 0.4 Hz) frequency bands than men during metronomic
breathing (p < 0.001). Gender differences in the highvlow
pawer ratio were apparent during both quiet (Fig. 1) and
metronomic breathing in all three age groups. These differ-
cnees were statistically significant in all but middlc-aged sub-
jects during quiet breathing.

Although gender differences in the highflow power ratio
could be attributable to reductions in low frequency power
in women compared with men, this was observed only in
the ekderly group during quict breathing. Most of the gen-
dor difference in heart rate spectral power occurred in the
high frequency range, mediated by parasympathetic activity.

Trhle 2. Heart Rate Speciral Power and Complexity During Quict Breathing

Young Subjecls Middle-Aged Subjects Elderty Subjects All Subjects
Men Women Men Women Men Women Men Women
=1 (n=9) (n=17) @=9 (n=11) (n=9) (n = 40) n=27)
Spectral power
Total power® 292 5.5(3.6) 2030 A3 15.1 (25) 86{22) 2324 19326)
{A01-340 Hz)
Low power® 193{43) 7225 3504 0140 13722 10019t 195210 4820
{L0i-0.15 Hz;
High power* 46(12) 18(13) 35(05) 41(.1) 14(03) 16{04) 33(05 45(e8)
{D.15-1040 biz)
Respiratoryt 08(02) 22(0.8)% 06(01) 28(03) 03(0.1) 03{01) 06{01) 11031
(0.23-1L27 Hz)
kiighflow 1atict 0.25{0.04) 047 (0075 Q13(0.03) 02(004) 0.10{0.02) 025007 018(0.02) 0.2 (00N
6R complesity (ApEn)i 0.89 (0.05) 1.040.04) 0.78(0.03) 0.36 (0.4) 0.86 (0.04) 0.86205)% Q73 (003) 050 (0038

“p < 0.5, fe:2 {a the elderly tha, in the other two groups. tp < 0.05, less in the elderly than in young subjects and less in middi-aged than young subjects.
#p < 35, #p < 0.61, men verrus women. Nata presented are mean value (SE). Apfin = approaimate entropy, HR = heart rate.
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Table 3, Heart Rate Spectral Power and C ity During M ic Breathi
Young Subjects Middle-Ageil Snbioets Ehleddy Subjects All Subjeces
Men Waman Men Women Men Wamgn Mn Women
=11 (n=g) =19 =W (r=10) {n =9} ta =39 {n = 26)
Speciral power
Tutal power* 17230 h ETRIN) 1BIUs JATEAN A6 (L 120350 Bne(y 186 (20
{0.01-0.40 Hz)
Low pawerd: 12301y 155 128) S6(16) RATRAL) 208 8342} 93 (L1} wico
(0.01-0.15 Ha)
High pawer* S0 N3N 41N 352H 13{00 AT X)) 37005 AR
(0.15-040 Hz)
Respiratory” A8 T py (1} A4 2 06(0.2) 20(08) 308 53l
10.3-027 Ha)
Highvlow raiio ad.n LIt [LLYUI ) el 03(01 ULTUN) 031 o8 2t
HR complexity (ApEn)” 101 (003) 107 ok A9TOH 102 (048 087 (0849 094 (104) 096 (02) 10t o2yt

One young woman and one ¢hderly man were
in women than in Twn, $p < 005, ks in che i

Heart rate complexity (approximate unlrnpy!. Regression
analysis revealed significant effects of age (p < 0.002) and
gender (p < 0.05} on nppmxmmle enlrop\' values during both
quict and i entropy de-
clined significantly with age lTnhlct 2 nnd 3. Figure 2). Overall.
women had significantly khigher approximate entropy vilues
than men during both quict and metronomic breathing (p <
0.05) (Tables 2 and 3). During quict breathing conditions,
there was a significant age-related decline in approximate
entropy for men (R = 033, p = l)()ﬂ()l) but not for women
(R? = 0.09, p = 0.14) (Fig. 2). } during

& W perform metromonie reathing. *p < BO5, los in the elderly than in the ather two groups. 7p < (05, greater
than in the yeuttg group, Data presented wre orcan valoe (SE) Abbreviations s in Table 2.

approximate entropy values (i.c.. those below the regression
line) during quict breathing were in male subjects, The
gender difference was most apparent in the oldest group.
where the seven lowest approximate entropy values were in
men, and five of these valucs were far below any study values
for women. Similar findings were observed during metro-
nomic breathing.

For all subjects combined. there was a modest pusitive
linear correlation betwsen appnmm.m, entropy and the high/
low frequency power ratio (R® = 038, p = 0.0001, after

breathing, the age-related decline in approximate entropy was
present for hoth men (R* = 0.2, p = 0.003) and women
(R? = 021, p = 0.02). Despite the diffcrent age cffocts in men
versus women during quict breathing, there was no statistically
significant age and gender interzction during cither breathing
condition.

As shown in Figure 2, nearly 755 (25 of 33) of the lowest

covarinte for gender).

Discussion
The principal new findings of this investigation are that
appatently healthy women huve significantly greater high fre-
queney heart rate fluctuations and greater overall “complexity™
af heart rate dynamics than apparently healthy men, Consis-

1
* mus
L O famale
o8
i °oo
Figure 1. Effect of age on the highvlow frequency os} 0 O o
power ratio for men and wemen during quiel o
breathing, There is a negative linear correlation o g *
between the highflow frequency power rutin and age | a
(R? = 032, p = 0.0007). Mhis relution s present for Ld £ o
buth men (R® = 021, p = D.01) and women {R* = & #
029, p = 0.02). L) og
0.2 -lm* < OF * =] &
&£ *_ %
L * %00 ¢ *
° . P N e e,
° 20 40 -] 80 100
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Figure 2. Efec nl:gzonhemmzmmplemy(appm-
Imate entropy [ApEn]) for men and women during quict

breathing. There is a negative linear correlation between
approximate entropy and age (R* = 0.36. p = 0.0001,
* adjusted for gender). For men alone, ther: is a negative
linear correlation between heart rate approximate en-
tropy and age (R® = 0.33, p = 0.0001), whercas this
relation is not present for women (R® = 0.09, p = 0.14).

tent with previous reports. high frequency heart rate fluctua-
tions and the overall complexity of heart rate dynamics were
also found to decline with age (10,24).

Gender effects om heart rate variability. High frequency
(0.15 to 0.40 Hz) heart ra: fuctuations, which reflect vagally
mediated respiratory sinus arrhythmia, ase enhanced by met-
ronomic breathing and are associated with 1ealthy cardiovas-
cular function (28-30). In contrast, heart rate fluctuations in
this frequency band are atienuated with physiologic aging (10}
and the development of coronary artery disease (15,31).

Althvugh a number of studies (9-12) have reported age-
related declines in spectral components of heart rate variabil-
ity, these reports have zither failed to describe gender differ-
ences or have provided only limited iafcrmaiion. A previous
report by Hayano et al. (31) includes a figurc with data from
control subjects that support our findings. In their study,
female subjects had greater high frequency spectral power than
healthy male subjects, across an age range of 40 to 70 years,
However, Hayano ct al. did not provide sufficient primary data
for statistical comparisons.

Other studies that address the effect of gender on tradi-
tional measures of heart rate variability do not reveal promi-
nent differences between men and women {7,8,32). However,
these studies lack detailed analyses of beat-to-beat dynamics.

Nomlinear complexity of heart rate dynamics, Previous
studies that failed to exhibit a gender distinction in heast rate
variability (7,8,32) primarily applied nmoment statistical mlyS\s
(ie., mean values and based on standard devi
to the data. However, such measurcs of variability do not lah:
into account dynamic vaiability. In contrast, spectral tech-
niques and complexity measures, such as approximate entropy,
provide information about the beat-to-beat dynamics of heart
rate fl ions (20-22). For ple, the two heart rate time
series shown in Figure 3 have similar mean values and vari-
ances but visually apparent differences in dynamic behaviot.
‘The dynamics are related to the ordering of the data points. As
a more extreme illustration, one can take a perfectly periodic

signal (sine wave) with a given mean value and variance and
then randomize the data points to obtain a completely different
signal but with the same first and second momeats. To quantify
such differences in dynamics requires measures other than
mean valuc and variance, such as the power spectrum and
newer complexily statistics. Spectral analysis and approximate
entropy provide complenentary information about the dynam-
ics of a time series—the former quantifies the contribution of
specific component frequencies, and the latter provides a
single number that represents the overall regularity or predict-
ability of the data.

QOur finding that elderly women have a lower heart rate
standard deviation but higher approximate entropy during
B min of quict breathing highlights the difference between
variability and complexity. Conventional measures of heart
rate varhbllhy reflect primarily the vagally mediated respira-
tory sinus asthythmia. Therefore, they fail to describe the
complex nonlinear interactions between multiple autonomic
influences that regulate heart rate. By examining vagally
mediated high frequency heart rate oscillations in relation to
low frequency barorefex-related oscillations, we found striking
gender differences in all age groups that have previously not
been evident with traditional techniques. Furthermore, mean
approximate entropy values were generally higher in women
than men in all age groups, although not always to a statisti-
cally significant extent. These preliminary findings suggest that
there is an alteration in the balaace of autonomic influeaces on
heart rate in men compared with women and that this alter-
atior may be reflected in measures of physiologic complexity,
such as appraximate entropy, Our results may motivate future
studies with larger sample to confirm the presence of
gender-related differences in heart rate dynamics.

Recent reports (26,33) bave suggested that a relatively high
degree of “complexity” or unpredictability in physiologic sig-
nals, such as sinus chythm heart rate, may be a marker of
health, reflecting the multiple interacting physiologic control
mechanisms that enable rapid adaptation %o internal and
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Averuge 653
Stardtard Deviatlon 3.1
_ 10 Approximate Entropy 036
| .
Figore 3. lustration of heart rate complevity, i
which is different from heart rate standard devia- ‘AWMW
tion, a conventional measure of variability. «leart g
rate time serics from a healthy 79-year ofd mun © T T T 1
(top) and a healthy 80-year obd woman (bottom), 0 4 8
both during quict breathing in the <upm e position, Tiae (min)
Despite a slightly smaller ria
8-min heart rate recording i the fem:
male Sllbjﬂ‘L the clderly woman sl
irrcgulaity in beat-to-beat heart rate than the man.
This irregnlarity or “complexit:™ is reflected in a Average 20.0
higher approximate entropy value. In contrast. the Standard Deviation 2.3
more regular, Jess comples and more periodic 100 Apmoxinmts Enlropr 3.93

Teatures of the heart rate time series of the clderly
man are refiected in a kwer approxintate entropy
value. bpm = beatvmin.

Heart Rate (bpm)

external pcrlurh.ltions. W showed in this ind in previvus work
(24) thut ugmg n.wlls in kever complexity of heart rate

such s upp entropy
mny also pmndc novel m.nrh.n uf card'ovascular health that
can be casily | from ively short data
(20-25).

Mechanism of gender differcaces. The observed difference
in heart rate dynamics between men and women could reflect
a protective role of estrogen in women In this case, one would
anticipate a narrowing of the diference for men and “women
beyond P which was not ob: d.

Itis also pmhlc Ih.ll gt.ndu dllkrumm in systolic blood

Wm

6 A
Tima mll)

analyze results in a gender-specific manner may vield mislend-
ing conclusions.

Lintitations and future studies. There arc scveral limita-
tions to the present study, Because screening blood lests were
not performed, sume subjects may have had undetected dia-
betes, anemia or other ciscases. There way also be unmea-
sured variables, such as individua! lovels of fitness, that influ-
enee the gender differences we observed in heart rate
dynamics. Excreise stress tests and coronary angiography were
not performed on our subjccts; lherefore. we cannot exclude

in nervous
system funmon could account for our findings. Hyperteusion is
well known to impair baroreflex control of heart rate (34).
However, this lmpmrmcnt would be manifest by differences in
low fi fl diated) heart rate osciliations
rather than h|g|| fmqmncy heart rate power (35). Only in
elderly subjects during quict breathing were there gender
differences in low frequency power. However, in this age group
gender differences in systolic bluod pressure were the smallest
(Table 1), Because low frequency power is enhanced by
upright posture, blood pressure- or gender-related differences.
or both, in baroreflex function may be evident only during
orthostasis. In the present study, subjects were evaluated ouly
while resting in the supine position.

Regardless of the mechanisms involved, the differences that
we observed between men and women are important for
interpreting past studies and devising new protocols that
incorporate hcan rate variability mechmques. especially as
more women are included in these i jons. Failure to

with certainty the p of | coronaty aitery
discase as a confounding variable, particularly in older men.
Hi . gender differences in high frequency heart rate

varinbility were also observed in young healthy subjects who
are not likely to have oceult heart discase. Studies in childran
and adolescents vnll be of interest to asscss possible hormonel
and develop on heart rate

Unfortunately, our sample size was small, with relatively
few very clderly women. Because of subject exclusions and
technical difficulties, there were disproportionate aumbers of
men and women in cach age sroup. The relatively small sample
size may be responsible for the lack of a statistically significant
difference in approximate entropy values for men versus
women in cach age group. The finding of a significant gender
difficrence in this complexity measure when all subjects were
pooled may stimulate future studics with larger sample sizes.

Because tidal volume was not measured, we cannot directly
assess the cffects of respiratory mechanics on heart rate
variubility. However, it is not apparent how any such effects
could account for gender diffcrences in both spectral and
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complexity measures observed during both spontaneous and
metronomic breathing.

Finally, the influence of gender on heart me Tesponses to
various P jons other than g (-8

blocking agents, P lar diseases, posture
change and other physmloglc stresses), as well as on loager
term basal heart rate dynamics, is also of interest. However,
longer observation periods necessarily introduce nonstation-
aritics, making controlled observations and statistical compar-
isons more difficult.

Conclosions. We find that women have relatively greater
high frequency heart rate fluctuations and greater overall
“complexity” of sinus rhythm heart rate variability than men.
These complementary findings indicate the importance of
gender- as well as age-related differences in heart rate dynam-
ics, Whether these gender differences are related to the lower
risk of cardiovascular disease and greater longevity in women
requires further study.

Appendix: Approximate Entropy
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Approximate entropy (ApEn) is caleulated in the following way:
Given N data points u(1), u(2}, ..., w(N), two input variables, m
and r, must be fixed 1o compute ApEn (denoted preciscly by
ApEn(m, 1, N)). To define ApEn, first form vector sequences x(1)
to x(N — m + 1) from the {u(i)}, defined by x(i) = {u(l),....u(i +

= 1}]. These vectors rep m ive u values,
ing with the ith point. Definc the distance d[x(i), x(j)] between
vectors x(i) and x(j) as the maximal difference in their respective
scalar compuncnts, Usc the sequence x{1), x(2),....x(N-m + 1)
to construct, for eachi S N — m + 1, Cypi(r) = (number of x(j) such
that dix(i), x(j)] SrAN - m + 1). The C,(r)’s measure within a
tederance r the regularity, or frequency, of patierns similar to a given
pattern of window length m. Next, define @,(r) as the average value
of In Cyri(r), where In is the natural logarithm. We define apprmimale
entropy by ApEn(m, 1, N) = @,,(r) — &, (r), where ApEn measures
the (logarithmic) likelihood that runs of pattcras that are close for m
dﬂwatlols remain close on next incremental comparisoss. Greater
ining close, rogul produces smaller ApEn
values, and conversely,

When m = 2, us previously shown, we inlerpret ApEn as a
measure of the difference between the probability that runs of value
of length 2 will recur within tolerance 1, and the probability that
runs of length 3 wi'! recur (1o th. same tolerance j. A high degree of
regularity in the datu would imply that a given run of loagth 2 wuuld
0fi. 1 continue with r -arly the same shird value, producing a low
vs'ue of ApEn.
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