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Abstract t 

Objective:Objective: To test the hypothesis that circadian rhythms are present in early postnatal 
life,, and "preset" in the prenatal period, we compared the presence and characteristics of 
circadiann heart rate rhythms in 15 growth-retarded children before and after preterm 
birth. . 

StudyStudy design: For each individual, we made both a continuous 24-h fetal heart rate re-
cordingg within 2 weeks before birth and a similar neonatal heart rate recording within 
thee first week after birth. Circadian rhythms were analyzed by applying a modified 
Cosinorr analysis. Chronobiometrical outcome measures from pre- and postnatal record-
ingss were compared. Furthermore, the influence of several clinical variables on circa-
diann rhythmicity was determined by stepwise regression. 

Results:Results: Pre- and postnatally, a combined 24h/12h/8h fit of heart rate showed a signifi-
cantt rhythm in 15 and 12 subjects respectively. The phases of the prenatal and postnatal 
3-- harmonic fits showed a significant correlation. No correlation was found between 
prenatall  and postnatal rhythms with respect to the strength of the circadian rhythm, 
expressedd in percentage of explained variance and amplitude, nor with respect to the 
mesorr of the fits. 

Conclusions:Conclusions: The presence of circadian heart rate rhythms in the majority ol preterm 
bornn growth-retarded infants nursed under constant conditions supports the concept 
off  a functional biological clock in early human development. As in adults, best fits of 
circadiann rhythms often have 24h,12h and/or 8h components. Despite the significant 
correlationss between the phases of these rhythms before and after birth, we could not 
provee that the biological clock of the fetus is "preset" for postnatal life. 
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Introduction n 

Thee presence of a circadian rhythm in fetal heart rate (FHR) is well established in the 

thirdd trimester of human pregnancy (Meis 1992; Lunshof 1998). It has also been shown 

thatt the circadian rhythm in mean FHR is strongly correlated to the circadian rhythm in 

meann maternal heart rate (MHR) (Patrick 1984; Meis 1992; Lunshof 1998). Moreover, 

circadiann rhythms are difficult to detect in the neonatal period, whereas circadian rhythms 

havee been observed for a variety of parameters with advancing age (Rivkees 1997). It 

thereforee seems plausible that the observed 24h rhythms of the fetus are to a large extent 

drivenn by the mother, as has been postulated previously (Honnebier 1989). This concept 

wass supported by the immaturity of the human SCN at birth as found by immunocyto-

chemistry,, and by a rapid increase in AVP staining of the SCN during the first postnatal 

months,, which coincided with the appearance of various overt circadian rhythms in the 

infantt (Swaab 1990; 1994). On the other hand, there are arguments for an active fetal role 

inn the generation of prenatal rhythms. Animal studies in rodents have shown that a fetal 

circadiann clock oscillates before birth (Reppert and Schwartz 1984). In rat loss of mater-

nall  rhythms does not prevent the development of fetal rhythms, but causes free-running 

off  fetal rhythms (Shibata 1988). Total absence of a circadian FHR rhythm in an anen-

cephalicc fetus of a discordant twin pregnancy supported the idea that the fetal brain is 

cruciall  for the generation of fetal rhythms (Lunshof 1997). From these combined find-

ingss it can be hypothesized that the observed fetal rhythms are not the result of passive 

responsess to maternal rhythms, but that a functional biological clock is present in the 

fetall  brain, which is set by the clock of the mother by the mechanism of entrainment. 

Thiss "presetting" of the biological clock in the prenatal period may be an important 

mechanismm to prepare the fetal circadian timing system for later independent life 

(Mirmiran(Mirmiran 1992). Animal studies have shown that maternal presetting of the fetal clock 

iss involved both in postnatal adaptation and in the initiation of parturition (Reppert 

1989).1989). The concept of "presetting" of the biological clock in the fetus implies that prenatally 

observedd rhythms will be maintained in the direct postnatal period. 

Inn the human neonate circadian rhythms are hard to detect immediately after birth, due 

too the masking effects of ultradian rhythms driven by infant-care schedules (Rivkees 1997). 

Still,, circadian rhythms in several biobehavioral parameters (e.g. body temperature; heart 

rate;; food-intake; sleep-wake patterns etc) have been demonstrated in both preterm and 

termm infants (see for review Rivkees 1997; Lbhr 1999). However, it has never been investi-

gatedd whether, and to what extent, neonatally observed rhythms are related to prenatally 

observedd rhythms. 

Thee aim of the present study was, therefore, to test the hypothesis that circadian rhythms 

inn early postnatal life are "preset" in the prenatal period. We investigated to what extent 

thee prenatally observed FHR rhythms sustained their phase and amplitude alter birth 

byy comparing circadian heart rate rhythms in 15 growth-retarded children belore and 
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afterr preterm birth. In a previous study we had already established that the prenatally 
foundd FHR rhythms in these fetuses were significantly correlated to MHR rhythms 
(Lunshof(Lunshof submitted). Immediately after birth, all 15 children of the present study were 
admittedd at the neonatal intensive care unit (NICU), where infants are nursed in con-
stantt ambient lighting and temperature. As masking influences are minimalized at the 
NICU,, this setting seemed very well suited for the purpose of studying the effect of "pre-
setting""  of circadian rhythms in direct postnatal life. 

Patientss and Methods 

Fromm a study group of 26 pregnancies with intra-uterine growth retardation (IUGR) in 
whichh we assessed circadian rhythms in various FHR-parameters (Lunshof submitted), 15 
childrenn participated in the study after informed consent of the parents. Only children 
whoo were admitted at the neonatal intensive care unit (NICU) of the Academic Medical 
Centerr were included. Other selection criteria were that the infants had no congenital 
malformationss and no intracranial hemorrhage on ultrasound, had not been given any 
sedatives,, and had no need of respiratory aid or phototherapy during the 24h period of 
recording.. All these 15 children were delivered by caesarean section because of fetal dis-
tresss at a gestational age of 29 - 36 weeks. In 13 pregnancies one or more courses of 
betamethasonee were administered antenatally to the mother to induce fetal lung matu-
ration.. In 4 patients betamethasone treatment was given within 4 days before the day of 
FHR-recording.. Patient characteristics are shown in Table I. 

Tablee I Patient characteristics of 15 growth retarded children. Values are given as median (range) 
unlesss otherwise indicated. 

genderr ratio F:M 9:6 

gestationall  age at birth (weeks) 32 
(299 - 36) 

postnatall  age at recording (days) 3 
(1 -7) ) 

birthweightt (grams) 1075 
(610-- 1750) 

Individualisedd Growth Ratio (IGR) 0.53 
(0.39-0.71) ) 

Apgarr score < 7 at 5' n = 3 

Numberr of prenatally administered courses of betamethasone 2 
(0 -3) ) 

Betamethasonee treatment within 4 days before prenatal recording (n=) 4 

Coffeinee treatment during postnatal recording (n=) 3 

97 7 



CHAPTERR 6 

Prenatally,, continuous 24h fetal heart rate recordings were made within 2 weeks before 

birthh using a Hewlett Packard M1350A ultrasound FH R-monitor. Postnatally, 24h heart 

ratee data were recorded continuously with a Hewlett Packard neonatal intensive care 

monitorr (model 78834A). Both prenatal and postnatal heart rate data were stored for 

orf-linee analysis. Depending on thee condition of the baby, postnatal recording took place 

ass soon as possible in the first week of life. During the recording period all infants were 

nursedd inside the incubator in the neonatal intensive care unit. The room was illumi-

natedd continuously and the incubator temperature was regulated automatically and kept 

constantt over the 24h period. Depending on the age of the infant, the incubator tem-

peraturee was set at 30-34°C over the entire 24h period. All infants were givenn either con-

tinuouss intravenous feeding, or intra-gastric feeding every 2 hours. 

Analysiss of diurnal rhythms 

Thee mean fetal Basal Heart Rate (BHR), which is best defined as mean fetal heart rate 
afterr exclusion of accelerations and decelerations was calculated per hour, using FetalHrt 

3.23.2 (Dobbe and Lunshof [submitted]), an FHR-analysis program developed in the Aca-
demicc Medical Center, Amsterdam, which is based on the Dawes-Redman criteria (Dawes 

1991)..1991).. Neonatal heart rate data were directly derived from the NICU-monitors and av-
eragedd per hour. For analysis of circadian rhythms we used the mean hourly heart rates 
off  24 hours of recording. The hourly means of fetal and neonatal heart rate were analyzed 
forr each subject separately by a modified Cosinor analysis using the Chronolab software 
(Mojón(Mojón 1992). Because human circadian rhythms are usually asymmetrical, 24-h, 12-h 
andd 8-h cosine harmonics were included in order to better fit  the waveshape (Van Cauter 

1979).1979). The fitted function is defined by its mesor (rhythm adjusted mean), amplitude 
(50%% of the difference between the maximum and the minimum of the best fit curve), 
andd its phase, expressed as orthophase and bathyphase (time of the maximum and mini-
mumm of the3-harmonic fit). Furthermore the variance accounted for by the fitted curve 
wass calculated. 

Statisticall analysis 

Non-parametricc correlation (Spearman Rank Correlation) was used to compare chrono-

biometricall  outcome parameters of pre- and postnatal recordings. 

Stepwisee regression was used to study the predictive value of various clinical variables 

onn the chronobiometrical outcome parameters of both prenatal and postnatal rhythms. 

Withh respect to prenatal rhythms, independent variables in the analysis were: (1) gen-

der;; (2) gestational age at recording; (3) tetal growth ratio (FGR); (4) number of courses 

off  betamethasone; (5) occurrence of recent betamethasone treatment (i.e. within 4 days 

beforee recording). For the postnatal analyses similar dependent variables were used. In-

dependentt variables in the analysis ot postnatal rhythms were: (1) gender; (2) postnatal 
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agee at recording; (3) FGR; (4) number of courses of prenatal betamethasone; (5) caf-
feinee treatment. Given the large number of possible predictors as compared to the number 
off  observations, stability of the regression results was verified by randomly excluding 
observations;; only stable results are reported. In all analyses, significance was tested at 
the5%level(p<0.05). . 

Results s 

Averagedd data of the pre- and postnatal 24h recordings are shown in Figure 1. The pres-
encee of significant rhythms was comparable in prenatal and postnatal heart rate record-
ings:: the 3-harmonic fit reached significance in 15 children prenatally compared to 12 
childrenn postnatally (%:- test p=0.07). Inspection of the fitted curves indicated that in 
twoo postnatal recordings significance was due to the ultradian components of the 3-
harmonicc fit, whereas the 24h component was not significant. The respective percent-
agess of explained variance by the 3-harmonic fit  ranged from 25% to 94% (median 80%) 
prenatally,, and from 26% to 89% (median 69%) postnatally. There was no correlation 
betweenn the prenatally and postnatally explained variance (Spearman R=.13, p=0.7), 
norr were the prenatally and postnatally amplitude (Spearman R=-.06, p=0.8) or mesor 
(Spearmann R=.17, p=0.6) significantly correlated. As the nocturnal occurrence of the 
minimaa (i.e. bathyphases) of pre- and postnatal fits were the best defined circadian phase-
parameters,, these bathyphases were used in comparing phases of pre- and postnatal 
rhythms.. The phaselags between pre- and postnatal rhythms varied widely as is shown 

150 0 

10.000 16.00 22.00 

clocktime e 
04.00 0 10.00 0 

Fig.. 1 Hourly means of heart rate in 15 children before and afterbirth. 
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Fig.. 2 Correlation between prenatal and postnatal time of bathypphase in 15 children. Due to 
thee circular character of phase data, postnatal bathyphases were expressed in such a way that their 
phasee angle to the prenatal bathyphase did not exceed 12 hours. 

inn Figure 2. Because of the circular character of circadian rhythms, we decided that the 

maximumm phaselag between pre- and postnatal rhythms would always be within -12 

andd +12 hours. Although a significant correlation (Rho=0.73, p=0.006) between pre-

andd postnatal bathyphases was found, randomly assigned bathyphases did also corre-

latee significantly if analysed in this way. 

Stepwisee regression (backward and forward) showed that both the amplitude (R2=.43; 

3== .65; p=0.008), and the explained variance (R2=.29; (3= .54; p=0.04) of the prenatal fit 

weree positively influenced by the number of betamethasone courses. Postnatally, the 

amplitudee of the fit  was positively influenced by the postnatal age at the time of record-

ingg (R:=.3 1; P= .55; p=0.03).None of the other clinical parameters studied had a signifi-

cantt predictive value on the chronobiometrical outcome parameters. 

Discussion n 

Thee presence of a circadian rhythm in heart rate in the majority of neonates in this study 

supportss the hypothesis of a functional biological clock in preterm infants. If prenatal 

heartt rate rhythms were passively imposed, we would have expected to find a lower 

prevalencee postnatally compared to prenatally, especially in infants nursed at a NICU in 

constantt ambient lighting and temperature. Given the restrictions of human research, 

thiss setting with its minimized time cues seems to be the closest one can get to a "con-

stantt environment" for studying the development of circadian rhythms in early develop-

ment.. However, we admit that visiting hours, nursing activities, and medication schemes 

mayy induce both circadian and ultradian time cues (Rivkees 1997; Ardura 1997). 
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Wee found it remarkable that multiple courses of maternal betamethasone administra-
tionn had a significant positive influence on the strength of a circadian heart rate rhythm 
beforee birth. This effect did not reach into postnatal life. Recent publications have re-
vealedd that repeated administration of antenatal corticosteroidss induces prolonged sup-
pressionn of the maternal pituitary-adrenal axis and fetal adrenal with lower Cortisol lev-
elss than a single course (Bench 1999; French 1999). It may be that this "accumulating" 
effectt has accounted for the observed significant positive effect, although it is not clear 
whetherr this reflects a direct entrainment effect on the fetal SCN. As glucocorticoid 
receptorss are present in many regions of the brain, and have many organizational and 
regulatoryy effects, many other influencing mechanisms downstream from the SCN are 
possiblee (Rosenfeld 1993). With respect to postnatal heart rate rhythms the positive in-
fluencefluence of postnatal age on the amplitude of the circadian rhythm is in line with previ-
ouss studies on development of circadian rhythms in infants (Sitka 1994; Glotzbach 1994). 
Thee significant correlations between the bathyphases of the pre- and postnatal heart 
ratee rhythms do not prove that the biological clock may indeed be "preset" in prenatal 
life.. Contrary to the high correlation between maternal and fetal heart rate with phase-
lagss within -2 to +2 hours, as found in previous studies on circadian FHR rhythms 
(Lunshof(Lunshof 1997; Lunshof 1998; Lunshof submitted),phaseiags between pre- and postnatal 
rhythmss varied from -10 to +10 hours. Only in 3 cases did phaselags fall within -2 to +2 
hours.. Indeed, significant correlations could also be found with randomly generated 
phases,, due to the circular aspect of circadian phase determination. We therefore con-
cludee that the combined results of the present study and of our previous studies suggest 
thatt a functional biological clock, causing overt FHR rhythms, is present in the human 
fetus,, and that this clock is synchronized by the mother. However, the results of this study 
doo not support the idea that this maternal-fetal synchronization reaches into the post-
natall  period. This conclusion corresponds with outcomes of previous studies: contrary 
too studies in rodents which show prenatal synchronity between mother and fetus, which 
continuess after birth, maternal-infant synchronity of circadian phase does not seem 
universall  in primates (see for review Rivkees 1997). A possible reason for the failure to 
detectt "pre-setting" in our study may be that the imperfect "constant environment" after 
birthh has after all influenced postnatal rhythms. Nor can we deny the possible influence 
off  fetal distress, which had been the reason to terminate of pregnancy in most cases. We 
thereforee do not know to what extent the findings of circadian rhythms in thiss particular 
groupp of preterm IUGR-infants are representative for the circadian system in normal 
humann development. It may be that neurological adaptation to extra-uterine life due to 
prematurity,, and to prenatal stress due to IUGR have influenced our results. However, a 
"normal""  control group, studied in the same settings, will never be available, because 
pretermm birth is inherent in non-normality. A study of "normal" term infants in these 
settingss seems reprehensible on ethical grounds. 
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Abstract t 

Objective:Objective: To test the hypothesis that preterm birth and subsequent hospital-stay may 
interferee with the start of sustained night-sleeping or "settling" in infants. 
Methods:Methods: We compared the development of sustained night-sleeping in 17 term and 18 
pretermm born infants from weekly 24h sleep-wake charts during 20 weeks after discharge 
homee or home birth. Stepwise multiple regression analyses were used to assess the influ-
encee of variouss biological and environmental variables on the start of settling 
Results:Results: Sustained night-sleeping started at a comparable postconceptional age and after 
aa similar period after home-arrival in term and preterm born infants. Birth rank order 
>1,, parental care giving at night, sleeping in parental room, and breast-feeding (nurs-
ing)) postponed settling in all babies (n=35). Among the preterm infants, boys settled 
laterr than girls irrespective of their medical history, and the number of feedings was 
positivelyy correlated with time of settling. 

Conclusions:Conclusions: Preterm birth and subsequent hospital stay have no influence on the devel-
opmentt of a circadian sleeping pattern. Parental care giving behaviour and nursing are 
majorr determinants of time of settling 

Introduction n 

Twenty-fourr hour variations in various body functions (e.g. body temperature, hormones, 

heartt rate, sleep-wake cycle) are called circadian rhythms. Circadian rhythms are often 

referredd to as 'diurnal' when it is not established that they persist under constant envi-

ronmentall  conditions. These circadian or diurnal, rhythms are generated by the biologi-

call  clock, located in the suprachiasmatic nucleus (SCN) in the anterior hypothalamus. 

Maturationn of the central nervous system (CNS) is therefore a prerequisite for the ex-

pressionn of circadian rhythms. The finding that postnatal development of sleep-wake-
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fulnesss patterns in term infants is parallelled by a strong increase in the number of vaso-
pressin-expressingg neurons in the SCN ' reinforces the importance of an endogenous 
componentt for the expression of circadian rhythms. However, exogenous factors like the 
light/darkk cycle and other environmental time cues synchronize, or "entrain", the daily 
sleep-wakee cycle to a 24 hour pattern. In studying the development of a diurnal sleeping 
patternn both endogenous and exogenous components of circadian rhythms must be taken 
intoo account. 

InIn the field of circadian rhythm research, there are relatively many studies on sleeping 
behaviourr in infants. Apparently, this topic draws attention because of its large practical 
impactt on infant care in both the clinical and home situation. In the initial literature on 
circadiann sleep-wake patterns in infants the importance of CNS maturation was empha-
sizedd 2,\ Later literature particularly stresses the influence of environmental factors like 
breast-- feeding 4, infant temperament and parental attitudes \ and light-dark regimes (1 

onn development of a circadian sleeping pattern in infants. In a previous study on prena-
tall  circadian rhythms, we suggested that maternal entrainment of circadian rhythms 
duringg fetal life may have important physiologic consequences for postnatal life7. Preterm 
bornn infants lack this maternal entrainment during a considerably long (4-13 weeks) 
period.. We hypothesized that this temporal disruption of maternal entrainment might 
interferee with the development of overt circadian rhythms in preterm infants. In the 
presentt study, which focussed on the phenomenon of "settling" (i.e. start of sustained 
night-sleeping),, we tested this hypothesis by comparing the development of settling in 
termm and preterm born infants. Therefore we determined the time of settling in relation 
too both postconceptional age and period after discharge home / home birth in both 
groups.. Besides, we assessed the influence of various biological and environmental vari-
abless on settling using stepwise multiple regression analyses. 

Methods s 

Subjects Subjects 

Afterr informed consent we recruited the parents of 18 preterm born infants, and 17 term 
bornn infants. Two infants in the preterm group had a spontaneously preterm birth. These 
twoo infants had a weight that was appropriate for gestational age (AG A). All other preterm 
bornn infants were delivered by caesarean section because of fetal distress in the presence 
off  intra-uterine growth retardation (IUGR) and/or pregnancy induced hypertension 
(PIH).. The severity of IUGR was ascertained by assessment of the individualised 
birthweightt ratio (IBR), which is defined as the ratio between actual birthweight and 
expectedd birthweight according to the Dutch birthweight curve8. An IBR <0.8 is consid-
eredd as severe growth restriction comparable with a birthweight <5th percentile9. There 
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wass one set of twins in the preterm group. Gestational age at birth varied between 27 

weeks"44 djvs and 34 weeks *'dav (median 31 weeks'"diVS), birthweight varied between 610 

andd 1760 grams (median 1118 grams). Except for two infants, all preterm born infants 

weree born in the Academic Medical Centre of Amsterdam and stayed for a period of 3 to 

844 days (median 12 days) at the intensive care unit of the neonatal department where 

lightss are continously on. Subsequently they were nursed at the medium care unit of the 

neonatall  department in either the AMC or a general hospital. At the medium care units 

lightss are dimmed during the night but no strict day-night scheme prevails. The total 

stayy in hospital of all preterm born infants varied between 28 to 93 days (median 44 

days).. The two infants born in general hospitals were nursed there at medium care units 

forr respectively 36 and 42 days. 

TermTerm infants were all born between 39 and 42 weeks gestational age (median 40 weeks+4 

d,,ys).. Four infants in this group were delivered by caesarean section and stayed with their 

motherr at the maternal ward during the first 6 days of life. The gestational age of all 

infantss was derived from the date of the mother's last menstrual period and confirmed 

byy ultrasound in the first trimester. The postconceptional age was calculated by the ad-

ditionn of the infant's gestational age and postnatal age. Patient characteristics are sum-

marizedd in Table I. 

Tablee I Patient characteristics. Values are given as median (range) unless otherwise indicated. 

gestationall  age (vvks 'dlv') 

birthweightt (grams) 

Individuall  Birthweight Ratio 

hospitall  stay (days) 

malee versus female 

birthh order Is' versus 2/3'h 

Apgarr score at 5' < 7 

Breastt fed at study entry (n) 

postconceptionall  age(wks) at home-arrival 

Pretermm infants 
(n=18) ) 

31" " 
(27(27AA-34--34-]] ) ) 

1118 8 
(610-- 1760) 

0.75 5 
(0.47-- 1.1) 

44 4 
(28-93) ) 

9:: 11 

13:5 5 

2 2 

5 5 

38 8 
(36-45) ) 

Termm infants 
(n=17) ) 

4 0" " 
(39'11 -41, h) 

3500 0 
(25300 - 4465) 

1.1 1 
(0.77-- 1.3) 

0 0 
(0 -7) ) 

7:: 10 

12:5 5 

0 0 

14 4 

40 0 
(39-41) ) 
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Sleep-wakeSleep-wake records 

Parentss were asked to fill  in a 24-hour sleep-wake chart of the baby on a fixed day in the 
weekk during 20 consecutive weeks (example shown in Figure 1) starting within 2 weeks 
afterr birth or home arrival of the baby. Together with the sleep-wake chart, they were 
alsoo asked to fill  in a weekly questionnaire on the following items: the number of nights 
inn the past week during which the baby had slept through the night; whether the baby 
wass breast- or bottle fed, and the daily number of feedings during that week. At the end 
off  the study period parents filled in a questionnaire on the sleeping circumstances of 
theirr babies; the parent-infant interactions at bedtime and during night waking; and 
nursingg / weaning status of the infants during the course of the study. 

Statistics Statistics 

Outcomee measures of interest were longest sustained sleeping period at night for each 
weekk during the study, and starting week of sleeping through the night or "settling", which 
wass defined as sustained sleep for at least six hours between 7 h pm and 7 h am. Out-
comess were compared between preterm and term infants using a a non-parametric test 
(Mann-Whitneyy U-test) because of unequal standard deviations. 
Stepwisee regression was used to estimate the influence of various biological - and envi-
ronmentall  characteristics on time of settling. The dependent variable was: time of set-
tlingg expressed in weeks postconceptional age. To estimate the effect of environmental 

,™™ .. . ,. special 
§ff  -sleeping v = feeding 

clocktime e 

Fig.. 1 Example of sleep-wake chart. Settling occurred in postconceptional week 48. 
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factorss in the whole study group (n=35), the following variables were included in the 
analysis:: 1. birth rank order; 2. own sleeping room versus parents' room; 3. falling asleep: 
alonee or with parents; 4. parent-infant interaction during night wakening: comfort in-
fantt in its own bed, or hold infant till falling asleep ; 5. level of environmental sound 
accordingg to parents: quiet or noisy; 6. feeding at entry of the study: breast-fed, or bot-
tle-fed.. 7. week of weaning. 

Separately,, the following "biological" variables were studied for the preterm group (n= 17): 
1.. sexe; 2. gestational age at birth; 3. individualised birthweight ratio (IBR); 4. length of 
hospitall  stay; 5. daily number of feedings 6. Apgar score at 5'. Given the large number of 
possiblee predictors as compared to the number of observations, stability of the regres-
sionn results was verified by randomly excluding observations; only stable results are re-
ported.. In all analyses, significance was tested at the 5% level (p<0.05). 

Results s 

Ass is shown in Table I both study groups were comparable in respect to the ratio of boys 
versuss girls (Chi-squared test p=0.6), and the proportion of first borns versus 2-3th borns 
(Chi-squaredd test p= 0.95). As expected, the IBR differed extremely between both groups 
(Kruskall-Walliss median test p=0.0001). Only the two spontaneously born AGA-infants 

O -- preterm 

^^  i i i i  i 1 1 1 1 1 1 1 — 

400 42 44 46 48 50 52 54 56 58 60 62 
postconceptionall age (weeks) 

Fig.. 2 Longest sustained sleep period during the night. Averaged data for 17 term and 18 preterm 
infantss from 40 - 60 weeks postconceptional age. 
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inn the preterm group had an IBR of 1.0 and 1.1 respectively. One infant in the term 
group,deliveredd by a secondary caesarean section because of fetal distress at 39 weeks of 
gestation,, turned out to be small for gestational age (birthweight 2530 grams; IBR 0.77). 
Twoo sevrelygrowth retarded infants in the preterm group had Apgar scores at 5' of 6 and 
55 respectively, but recovered uneventfully. Five of the preterm infants and 14 of the term 
infantss were breast-fed at the entry of the study (Chi-squared p=0.003). At the end of the 
200 weeks' study period 3 preterm and 4 term infants were still completely breast-fed. 
Developmentt of a diurnal sleeping behaviour was comparable between term and preterm 
infants.. Figure 2 shows the increase in duration of the longest sleeping-bout at night for 
bothh groups. Settling started between 4 -21 weeks (median 10) after home-arrival or 
birthh in the term group and between 4 - 29 weeks (median 11.5) after home-arrival in 
thee preterm group (Mann-Whitney U-test: p=0.58). Postconceptional age at settling was 
444 - 62 weeks (median 50) in term infants compared to 44 - 65 weeks (median 51.5) in 
pretermm infants (Mann-Whitney U-test: p=0.52). On the average postconceptional age 
att home-arrival was lower and varied more in the preterm group (Mann-Whitney li -
test:: p=0.04) (see Table I). However,as the scatterplot in figure 3 shows, postconceptional 
agee at home-arrival was not correlated with age of settling. After the end of the 20 weeks' 
studyy period five babies from the preterm group (29%) and two babies from the term 
groupp (11%) (chi-squared test: p=0.1) were not yet settled. Stepwise regression (back-

64 4 

60 0 

56 6 

<  52 

48 8 

o o 
D.. 44 

40 0 

OO O 

O O 
o o 

o o 

0 0 
o o 

• • 
o o 

• • 
• • 
o o 
• • 

o o 

• • 
o o 
• • 

• • 
o o 

 term infants 
OO preterm infants 

355 40 45 

Postconceptionall age at home-arrival (weeks) 

Fig.. 3 Postconceptional age at settling versus age at home-arrival in 17 term and 18 preterm 

infants. . 
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termm boys -

termm girls -

pretermm boys -

pretermm girls -

#--

• f --

•• \-

i i i i 

a a 

* * 

HH • 

• • 

• • 

] ] 

* * 

40 0 455 50 55 60 65 

postconceptionall week of settling 

70 0 

p=0.044 (Mann-Whitney IMest) 

Fig.. 4 Postconceptional week of settling in relation to sex and study group. Median, interquartile 
range,, 10,h - 90lh percentile, and extreme data points are shown. 

wardd and forward) showed that of all environmental factors included, parental refrain 

fromm taking the baby out of its bed during night wakening (p=0.009); a lower birth rank 

orderr (p=0.008); early weaning (p=0.01); and own sleeping room (p=0.04) had a posi-

tivee influence on early settling (R2=.51; F(4,30)=7.68; p<0.0002). From the "biological" 

factorss tested in the preterm group, male sex of the baby (p=0.008) and number of 

feedingss (p=0.04) postponed settling (R:=.45; F(2,15)=6.12; p<0.01). Indeed, among 

thee preterm infants, boys settled significantly later than girls (Mann-Whitney U-test: 

p=0.04),, whereas term boys and girls did not differ in this respect. There was no signifi-

cantt difference in settling between term and preterm boys nor between term and preterm 

girlss (Mann-Whitney U-test: p=0.8). In the whole study group, sex of the baby added as 

variablee to the significant environmental variables in the regression analysis did not con-

tributee to a higher R2. Figure 4 shows the mean postconceptional week of settling in 

relationn to sex and studygroup. 

Comment t 

Fromm our findings that settling occurs at the same postconceptional age, but also after a 

similarr interval after home-arrival in term and preterm infants, we conclude that neither 
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prematurityy nor IUGR interferes with the entrainment of sustained night-sleeping. A 
previouss study on sleep-wake rhythms in preterm and term infants 10 reported similar 
resultss with respect to time of entrainment, which was defined as consolidation of the 
majorityy of sleep episodes at night, which is not the same as settling. Those authors con-
cludedd that length of exposure to environmental time cues rather than neurologic matu-
rityy determines the entrainment of a circadian sleeping rhythm. However, they did not 
identifyy major Zeitgebers for entrainment. In our opinion a certain maturational state of 
thee CNS is a prerequisite for the development for sustained night-sleeping. However, at 
home-arrival,, which marked the start of the study-period, all preterm infants had reached 
att least a postconceptional age of 36 weeks. Thus, we can only conclude that from 36 
postconceptionall  weeks onwards the necessary pathways for the entrainment of a circa-
diann sleeping rhythm are present. From the finding that preterm and term infants de-
velopp night-sleeping after a similar period in the home environment, we can conclude 
thatt lack of the maternal circadian Zeitgeber influence before home-arrival does not 
hamperr the development of a circadian sleeping pattern, even if the premature infants 
stayedd for a long period in an incubator. During this period they were nursed under 
constantt conditions, i.e. constant light illumination, a constant temperature, and a noisy 
environment.. This conclusion is in agreement with a study of Mann6, who did not find 
anyy difference in the development in a circadian sleeping pattern after the expected date 
off  delivery between preterm infants which were randomly nursed under constant con-
ditionss or at a day-night nursery. 

Ass stepwise multiple regression outcomes showed that neither severe growth-retarda-
tionn nor low Apgar-scores had an adverse effect on the development of night-sleeping, it 
seemss that prenatal distress or hypoxia does not affect the development of a functional 
circadiann system. Experiments in rat investigating the effect of pre-, peri- and postnatal 
malnutrionn on the development of circadian aspects of behaviour did not demonstrate 
anyy significant effects of earlier malnutrion on circadian rhythms ". One human study 
foundd a delayed development of circadian patterns in body temperature in term infants 
withh low one minute Apgar scores 12. Although we did not find such an association with 
respectt to the development of night-sleeping, it is remarkable that particularly within 
thee preterm group male sex was related with delayed settling. Both in human and animal 
studiess gender difference with a higher susceptibility to the negative effects of IUGR on 
CNSS development in males than in females has been demonstrated '\ So, it can be imag-
inedd that in this rather small population studied, the possibly negative effects of IUGR 
onn circadian sleeping behaviour are only detectable for the most susceptible gender group. 
Ann alternative explanation maybe that a number of sex differences have been reported 
inn the SCN '4. The significant effect of the number of feedings on time of settling in the 
pretermm group is not surprising, although it must be realized that the cause-effect rela-
tionshipp of this effect may be just reverse because parents might be inclined to feed their 
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babyy when it is signalling at night. Term infants had on average the same number of 

feedingss at settling, but preterm infants had more feedings during the first 10 weeks of 

thee study. This can explain the lower means of "longest sustained sleep period during the 

night""  til l 50 weeks postconceptional age (Fig 1). 

Majorr factors in the home-environment which we found to influence the moment of 

settlingg in both preterm and term infants were comparable with Zeitgebers found in 

otherr studies1516. 

Bothh weaning status and parental care-giving habits at night significantly were related to 

thee time of settling independently of each other. However, in the individal situation these 

factorss often co-exist: an infant on breast feeding is often sleeping next to the mother, 

andd a mother who is breastfeeding is more easily inclined to comfort her crying baby at 

nightt by nursing it. The other way around, a baby who is used to be nursed at night, is 

entrainedd to signal to be nursed. Keener', who used an infra-red camera to observe the 

infant'ss sleeping behaviour at night, found that all infants awakened during the night. 

Somee of them soothed themselves and returned to sleep. However others signalled and 

requiredd care giving from their parents. In the latter group Keener found indeed more 

infantss on breast-feeding. 

Inn summary, we conclude that: 

1.. premature birth (in combination with prenatal malnutrition) and subsequent tem-

porall  lack of maternal Zeitgebers does not affect the development of sustained night-

sleeping. sleeping. 

2.. From 36 postconceptional weeks on, there is a functional circadian system with re-

spectt to the entrainment of night-sleeping. 

3.. In both term and preterm infants parental care-giving at night besides weaning status 

aree strongly related to settling. 
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