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ABSTRACT

The aim of the present study was to examine gender-relatiedys had a significantly lower baseline heart rate than girls. This
differences in heart rate of human neonates controlled for theggests that heart rate is gender-dependent from birth onward.
behavior. Previous studies could not find any difference in ma{Pediatr Res47: 778-780, 2000)
and female fetuses and newborns, although this gender-
dependent difference clearly exists in children and adults. The Abbreviations
heart rate of 99 newborns (47 girls and 52 boys) was measui@lDS, sudden infant death syndrome
with simultaneous video recording of their behavior. ResultdR, heart rate
proved that alert newborns showed the same difference as aduttRV, heart rate variability

Baseline HR of human adults is gender-related. Sé¢ial. using 12-h polygraphic recordings at the first week and at the
(1) found higher baseline HR in females, but this differend@st, second, third, fourth, and sixth months of age. HR was
decreased with age. Pearl (2) found the same pattern in Iifigher in siblings of SIDS victims, but gender did not signif-
18-y-old children in whom corrected QT intervals (whichicantly contribute to HR. Richardst al. (7), sequentially
varied directly with the HR) were significantly longer for girlsrecording the ECG from 110 full-term infants up to 6 mo of
than for boys. age, found higher mean HR in male infants at 32—45 d and at

However, studies with fetuses and infants have not yg8 134 q put not earlier or later, independent of the size of the
revealed the same gender-related difference. Geetua. (3)  sample.
assessed HR of 212 fetuses between 14 and 41 wk of gestaliofpese data are challenging. Is the gender-related difference
and found no significant gender difference in the baseline fefgl 5 absent in newborns and infants, developing only later?

HR at ar;ylfcortlaled %ei;a;ionall a?et (GA)]; Flei;ge;al.s (é') kof is the difference reversed at a particular stage of infancy, as
examine maie an emaie fetuses from 0 35 WK Ql -hardset al.(7) suggested.€. HR is higher in male infants),

gestation for 4-wk intervals and found no difference in H . ; .

. . and there is a developmental turn-around later in childhood
according to gender at any age. Stramba-Badlal. (5) hen the HR of females increases?
analyzed 9725 electrocardiograms recorded on the fourth &4 ’

y H H . " H ” H H
of life and reported that the gender-related differences in TAkr'netrl;ocri]olo-glc Iproblen|1 aI?ohexEts. Is b“gd monltorlnﬁ] d
interval observed in the adult population are not present cKing e_ avioral control) o t e ECG qn a equate metho
birth. for assessing gender-related differences in HR in neonates or

Harperet al. (6) examined the developmental sequence g}fgnts, inasmuch as the behavior of the babies is usually
HR in 22 normal infants and 22 siblings of SIDS victims byariable? According to the results of Jagtzal. (8), whole-day
monitoring of HR is an appropriate method for measuring
Received March 3, 1999; accepted October 1, 1999. physical activity and maturation but not for revealing any
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METHOD factors that produce increased variability. HR data belonging to
this selected interval were analyzed subsequently.

Subjects.With the consent of the mothers, 99 healthy new- Data processingData were analyzed by ANOVA grouped

born infants (52 boys and 47 girls) ranging in age from 0 (3 h : . .
to 7 d were examined at the Department of Obstetrics a#ggordlng to gender and/or weight at birth for HR and HRV,

Gynecology of the Albert Szent-Gyayi Medical University, yvel_g_ht, and head _cwcumference. In case of S|gn|f|cant_ results,
. . individual group differences were testpdst hoc Correlations
Szeged, Hungary. All infants were healthy, 60 with normal .
single delivery (35 boys and 25 girls) and 39 with cesaredn o9 the measurable variables were also calculated.
g y 4 g Finally, the possible indirect effect of the weight at birth and

zig:fr;f(goeo%soraen%_zrﬁigIZS)' Qllslggz;\gt(s)fhg ?)rarj(;?;'nﬁfgﬁq RV, respectively, on HR was tested by analysis of covariance
' P9 ’ NCOVA) (11). Before running the test, changes in HR as a

Apgar score of 10, an_d h"f‘d no knqwn me_dlcal problems du”ﬁ?ﬂction of the age (days from birth) was tested by ANOVA,
pregnancy or complications during delivery. Four mothers

(4.04%) smoked; therefore, the data from their babies Wea}gd possible HR differences betwee 0 and 1 were also

removed. The analysis below, therefore, is based upon the (%mpared separately for both genders. Although none of these

a ; 2 i
of 48 boys and 47 girls. The present study was approved by 36%5 yielded a significant time effect, gnil 0 and 1 were

Institutional Review Board of Albert Szent-Grgyi Medical included in ANCOVA. Ap < 0.05 level of significance was
University accepted throughout.

Recorded variablesGA of the newborns in weeks, their
weight at birth in grams, head circumference in centimeters, RESULTS
and age postpartum at the time of the examination in days were
recorded. Alertness was coded using Prechtl’s scale (9). MeaTable 1 summarizes descriptive statistics of the recorded
HR was measured in beats/min, and HRV was representedvayiables. The only significant difference revealed by ANOVA
the SD of the HR. These latter values were then transform@gknderx delivery) was found in HRK; o, = 4.88,p < 0.01).
into natural logarithms (In HRV) to obtain the normal distri-This effect was solely due to the gendéx (o, = 11.97,p <
bution as suggested by McCabeal. (10). 0.001) and not to the way of deliverfr{ o, = 2.16, NS).
Procedure.The examination room was the same for everyariability (In SD:F3 4, = 0.20, NS), weight at birthH; ¢, =
newborn, with constant illumination and ambient temperatu08, NS), and head circumference at biffy o, = 1.20, NS)
(28°C). The conditions and environment of the room, a sepshowed neither gender nor delivery differences according to
rate but integral part of the neonatal ward, were constant fANOVA. The day of examination also had no significant effect
every newborn. Newborns were selected randomly and wene the measured HRFg 4, = 0.06, NS).
examined 30-90 min after feeding, which proved to be the These results clearly show that there are significant gender
optimal time for examining newborns—awake but in a quiatifferences in the HR but not in any other measured variables,
state. All babies were dressed alike. After attaching the disnd this difference is not directly associated with other vari-
posable electrodes onto their chest and replacing their shatbles. This is further supported by the correlation coefficients
they were loosely swaddled. We placed the babies on the#presented in Table 2.
backs on an examining table facing a Panasonic 240-type videdt is evident from Table 2 that whereas weight at birth and
camera. The length of the R-R intervals was withir: 2.5 ms circumference of the head correlated with the GA and also with
accuracy, and the calculated HR values were measured bgazh other (higher in boys than in girls), they failed to correlate
Primedic-Mobicard-type ECG instrument using disposabigith HR and HRV.
chest electrodes. Data were stored for later analysis in aAlthough ANOVA and the correlation test excluded the
computer. direct functional relationship between HR with weight at birth,
All sessions were fully video recorded with time codemdirect effects could not eliminated. To examine this possibil-
added later. The examination lasted for approximately 10 mily, we ran ANCOVA to test gender differences adjusted for the
for each newborn at the same time of day, between 5:00 amdight at birth. This analysid¢ 5, = 7.56,p < 0.01) clearly
7:00 pm. A 1-min interval during the time-coded video recordsroved that gender differences were highly significant even
ings was selected and marked for each newborn, during whifter being adjusted for weight at birth; hence, even indirect
the baby was in an alert but quiet state (Prechtl-4 state) wilffects may be excluded.
open eyes, was neither distressed nor crying, and neither sleepi gender-dependent significant difference was found in the
nor sleeping. Extra care was taken to include only tho$€R of the boys, which significantly correlated negatively with
recordings in which all babies were in comparable states witteir In HRV. No such significant relationship was found in
neither a too low or too high arousal or activity level. Usingjirls (linear regression, boys: B —1.88, T= —2.49,p <
these selection criteria, we significantly reduced intervenifig01; girls: B= —5.5, T= —1.073,p = 0.28).

Table 1. Descriptive statistics of the recorded variables

GA (wk) Weight (g) Head (cm) HR (beat/min) In HRV
Total 39.1+ 0.11 3451+ 43.98 33.8£0.15 132.3+ 1.25 1.75*+ 0.03
Boys 39.08+ 0.16 3515.42+ 62.96 33.99+ 0.2 128.28+ 1.40 1.73+ 0.04

Girls 39.15+£ 0.14 3384.68+ 58.35 3357 0.2 136.48+ 1.88 1.78+ 0.05
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Table 2.
Boys Girls
GA Weight Head HR Age GA Weight Head HR Age

Weight 0.69 0.25

Head 0.54 0.60 0.20 0.52

HR 0.00 0.04 0.02 0.17 —-0.19 -0.14 —0.08 0.26

HRV 0.18 0.23 0.15 —0.35 0.28 0.13 0.04 —-0.17 —0.16 0.10

Significant correlations are set in bold.
DISCUSSION ences in stroke volume, cardiac output, size of heart, hormonal

According to this state-controlled video-recorded study, thenvwonment,etc and also the potential impact on health and

HR of newborn infants revealed the same gender-related n;_seasee.g.SlDS and developmental disorders.
ferences found in older children and in adults: newborn male

infants have lower baseline HR than newborn females. T%s

. : . . eir constructive suggestions.
difference cannot be explained by other variables examined'in 99

the present study and seems to be primarily gender determined.
These results suggest that the same gender-related differences REFERENCES
in HR that appear throthOUt Ilfe_are already present at bll’tq_. Stein PK, Kleiger RE, Rottman JN 1997 Differing effects of age on heart rate
Our data also show, at least as inferred from our sample, thatvariability in men and women. Am J Cardiol 80:302-305
i i i H i H . Pearl W 1996 Effects of gender, age, and heart rate on QT intervals in children.
this difference is nlot or not only medlatgd by Wc_%lght at plrth or bodiatr Cardiol 17-135-136
HRV because adjusting for these variables did not eliminate Genuis S, Genuis SK, Chang WC 1996 Antenatal fetal heart rate and “maternal
i~ ifi intuition” as predictors of fetal sex. J Reprod Med 41:447—-449
the Slgmflcance O.f the results. Becaus_e there hqs not y_et be&?@leisher LA, Dipietro JA, Johnson TR, Pincus S 1997 Complementary and non-
any data suggesting gender-related differences in cardiac outcoincident increases in heart rate variability and irregularity during fetal development.
put in newborn infants, one possibility is that stroke volume Sin Sct (Coleh) 92:345-349

. X . . 5. Stramba-Badiale M, Spagnolo D, Bosi G, Schwartz PJ 1995 Are gender differences
may differ. If that were so, a further question is whether this in Qtc present at birth? MISNES Investigators. Multicenter Italian Study on Neonatal

; i P Wi Electrocardiography and Sudden Infant Death Syndrome. Am J Cardiol 75:1277—
difference is due to altered cardiac muscle activity, heart 2¢

volume, or altered peripheral resistance. Further investigatian Harper RM, Leake B, Hodgman JE, Hoppenbrouwers T 1982 Developmental patterns
P ; P § A of heart rate and heart rate variability during sleep and waking in normal infants at
is ne_gded to clarify this problem, which may bear some clinical ;' 2 ot o syndrome. Sleep 5:28-38
S|gn|f|cance. 7. Richards JM, Alexaneder JR, Shinebourne EA, de Swiet M, Wilson AJ, Southall DP
i ot i 1984 Sequential 22-hour profiles of breathing patterns and heart rate in 110 full-term
. It may L:)e of interest Whethe.r the. st§t|s_t!cally Slgmflcant infants during their first 6 months of life. Pediatrics 74:763-777
difference in HR has a real phyS|olog|c S|gn|f|cance. One May. Janz KF, Golden JC, Hansen JR, Mahoney LT 1992 Heart rate monitoring of physical

i ; i i~ activity in children and adolescents: the Muscatine Study. Pediatrics 89:256-261
argue that 8 beats/min is a small difference to have phySIOIOgb(.: Prechtl HFR 1974 The behavioural states of the newborn infant. Brain Res 76:185—

value {.e. about 6% of the total HR). We believe that if the 212

H H H H H . McCabe P, Yongue BG, Ackles PK, Porges SW 1985 Changes in heart period,
difference perSIStS over the entire Ilfe’ it may have SOI’T‘]‘@ heart-period variability, and a spectral analysis estimate of respiratory sinus arrhyth-

constitutional/functional background and significance. These miain response to pharmacological manipulations of the baroreceptor reflex in cats.

; ; Psychophysiology 22:195-203
results reveal the need for research concerning pOSSIbIe unqgrDowdy S, Wearden S 1983 Statistics for Research. John Wiley & Sons, New York,

lying mechanisms such as respiratory sinus arrhythmia, differ- pp 363-380
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