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CHAPTERR 4 

FetalFetal and maternal diurnal rhythms during the third trimester of 

normalnormal pregnancy: Outcomes of computerised analysis of 

continuouscontinuous 24-hour fetal heart rate recordings. 

Simonee Lunshof, MD ', Kees Boer, MD, PhD ', Hans Wolf, MD, PhD ', Gerdien van Hoffen -, 

Nerimann Bayram, MD1, Majid Mirmiran, MD, PhD : 

'' Academie Medical Center, department of obstetrics and gynaecology, Amsterdam, the Netherlands. 
:: The Netherlands Institute for Brain Research, Amsterdam 

AmAm } Obstet Gynecol 1998; 178:247-54 

Introduction n 

Theree are at present at least two clinically relevant reasons that make it of interest to 
assesss diurnal fetal heart rate rhythms in individual, normal pregnancies. In the first 
placee it is important to know to what extent the various computerised FHR-parameters, 
whichh are now commonly used as criteria of fetal well-being, are influenced by the time 
off  day of monitoring. In the second place the presence of fetal heart rate rhythms may in 
itselff  be a sign of fetal well-being as is suggested by some authors.1 

Severall  authors have described the presence of diurnal rhythms in mean fetal heart rate 
(FHR),, fetal heart rate variation, fetal heart rate accelerations, and fetal movements.13 It 
hass also been shown that the diurnal rhythm in mean fetal heart rate is related to the 
diurnall  rhythm in mean maternal heart rate (MHR).4 However, all previous studies on 
putativee fetal diurnal rhythms drew conclusions from averaged data for the whole study 
groupp only, while no chronobiometric analyses were performed to assess the signifi-
cancee of the rhythms found in the individual pregnancies. Another point of discussion 
iss whether the origin of diurnal fetal rhythms is extrinsic (i.e. totally imposed by the 
mother)) or, at least partly, intrinsic.' "7 

Inn this study of 26 normal pregnancies, we quantified the presence of diurnal fetal rhythms 
inn various computerised fetal heart rate parameters in order to define normal reference 
patternss and an objective basis for comparison with pathological pregnancies. Continu-
ouss 24-hour FHR- recordings were analyzed off-line. Diurnal rhythms in the various 
parameterss were assessed by modified Cosinor analysis." 

Too assess the maternal influence on the fetus, maternal diurnal rhythms in mean heart 
ratee and maternal plasma levels of melatonin and Cortisol were quantified in, respec-
tively,, 15 and 17 of the 26 pregnancies studied. Because of their reproducibility and large 
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CHAPTERR 4 

amplitude,, these hormone rhythms can be used as marker of the status of the circadian 

pacemakerr in the mother. In addition, we measured estriol, because it reflects, at least 

partly,, fetal adrenal function.This applies, to a lesser extent, to progesterone.9 The effect 

off  gestational age on the presence of diurnal rhythms was also taken into account. 

Subjectss and Methods 

FHR-recording FHR-recording 

Twenty-sixx healthy pregnant women with uncomplicated singleton pregnancies par-

ticipatedd in the study, after informed consent was obtained. Gestational age varied be-

tweenn 26 and 38 weeks. Fetal heart rate was continuously recorded for 24 hours, starting 

betweenn 11.00 and 12.00 A.M, using a Hewlett Packard M1350A ultrasound heart rate 

monitorr with kinetogram function (Hewlett-Packard GMBH, Boeblingen, Germany). 

Recordingg took place at the department of obstetrics of the Academic Medical Center, 

Amsterdam. . 

MHR-recording MHR-recording 

Simultaneously,, mean maternal heart rate was measured every 3 minutes during 24 hours, 

usingg a Polar sporttester (Polar Electro OY, Finland). An ambulatory wrist monitor was 

usedd to measure maternal activity over a period of 3-5 days,10 including the recording 

dayy in hospital, to verify if the observed maternal rhythm during the 24-hour recording 

wass comparable with the woman's diurnal rhythm at home. 

MaternalMaternal plasma hormones 

Inn 17 women, plasma levels of melatonin, Cortisol, estriol and progesterone were meas-

uredd at three-hour intervals over the 24-hour observation period. Blood samples (6 ml) 

weree taken from a heparinized catheter introduced into a maternal arm vein. Samples 

weree immediately centrifuged at 4°C and plasma was frozen at -20°C for subsequent 

analysis.. Progesterone was analysed, using a commercial RIA (Orion Diagnostica, Espoo, 

Finland).Finland). Estriol and Cortisol were determined by fluorescence polarisation immunoassay 

onn a TDx analyser. (Abbott Laboratories, North Chicago, IL) at the Academic Medical 

Center,, Amsterdam. Melatonin was analysed by RIA at the Netherlands Institute for Brain 

Research,, Amsterdam." All samples from any individual patient were measured in the 

samee assay for each hormone. 

FHR-analysis FHR-analysis 

Thee FHR monitor supplied an analog signal for fetal heart rate and fetal activity that was 

sampledd at a rate of 4 times per second, and that was converted from analog to digital. 
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Thee sample values were stored in a personal computer. Analysis of fetal heart rate and 
fetall  activity was performed off-line, using FetalHrt 3.2, a FHR-analysis program devel-
opedd in the Academic Medical Center, Amsterdam, which is based on the Dawes-Redman 
criteria.':: With the help of this program, FHR data were averaged over 3.75 min. epochs, 
afterr which the basal heart rate (BHR) was calculated for the 24-hour recording. BHR is 
bestt defined as mean fetal heart rate after exlusion of accelerations and decelerations. 
Afterr fitting the baseline according to the Dawes algorithm, the occurrence of 
accelerationss and decelerations, their duration (seconds) and size (in raised beats per 
minutee ) were determined. As measures of fetal heart rate variability, short term vari-
abilityy (STV) (i.e. the average change in pulse interval between consecutive epochs (in 
milliseconds),, and long term variability (LTV) (i.e. the averaged range between the small-
estt and the largest pulse interval per minute) were calculated. Moreover high episodes 
(i.e.. periods with a range > 32 ms for at least 5 of 6 consecutive minutes) and low epi-
sodess (range < 30 ms for at least 5 of 6 consecutive minutes) were counted. For analysis 
off  diurnal rhythms all FH R-parameters were calculated per hour. Of each FHR-param-
eter,, the deviations around the daily mean were plotted at 1 -hour intervals for the whole 
studyy group. All parameters, except for the count of high or low episodes, were 
chronobiometricallyy examined for each individual fetus. For the occurrence of high and 
loww episodes individual cosine fitting was not possible because of the large amount of 
unclassifiedd periods (i.e. periods during which the criterion that 5 of 6 consecutive min-
utess must be either high or low was not fulfilled). We did not study decelerations, be-
causee they hardly occurred in the FHR-recordings of the 26 pregnancies studied. We 
wil ll  report on the presence of diurnal rhythms in all parameters mentioned above, with 
speciall  attention to diurnal rhythms in BHR, STV and acceleration count,because these 
aree the three most important fetal heart rate parameters for fetal monitoring. 

AnalysisAnalysis of diurnal rhythms 

Thee averaged data per hour of BH R, acceleration count, duration and rate, STV and LTV 
weree analyzed for each subject separately by a modified Cosinor analysis/ This method 
iss based on fitting a sum of cosinusoidal components with fixed period lengths to the 
seriess of data, by the method of least squares." Because human circadian rhythms are 
oftenn asymmetrical in nature (i.e. the sleep-wake cycle is not a 12h/12h alternation, the 
asymmetryy of the waveshape is described by the inclusion of components other than the 
24-hourr period.s For each individual we fitted a cosine with a period of 24 hour, a 12-h 
cosinee function and occasionally an 8-h cosine, or a combination of a 24-h and a 12-h or 
8-hh cosine to the data series. The statistical significance of the cosine fit is expressed as 
F-statistic.. On the basis of the obtained F-statistics of the various fits, it was decided for 
eachh FHR-parameter which was the best cosine to describe the data in the majority of 
subjects.. The fitted function is defined by its mesor (rhythm adjusted mean), amplitude 
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(50%% of the difference between the maximum and the minimum of the best fit curve), 

andd acrophase (time of the maximum of thee best fit curve). The software package Table-

CurveCurve (Jandel Scientific GmbH, Erkrath, Germany) was used for fitting cosine functions 

too the data. 

Maternall  heart rate data were also averaged per hour. Circadian analysis took place in 

thee same way as described for the FHR-parameters. 

DiurnalDiurnal rhythm in fetal activity and maternal plasma hormones 

Fetall  movements were measured with the kinetogram function of the HP Ml 350A fetal 

heartt rate monitor, which has shown to be a reliable method to record the presence of 

grosss fetal body movements.14 The averaged time spent moving by the fetus was calcu-

latedd per 5 minutes and plotted per hour. 

Diurnall  rhythmicity in maternal plasma hormones was quantified in the same way as 

describedd for FHR-parameters. 

StatisticalStatistical analysis 

Inn addition to the chronobiometric statistics, correlations between diurnal rhythms in 

MHRR and fetal BHR were calculated to assess the phase relationship between these 

rhythms.Thee presence of a fetal rhythm in BHR and STV was compared to the presence 

off  maternal plasma hormone rhythms by Chi-squared (Fisher-exact) tests to assess 

whetherr the presence of significant maternal hormone rhythms could predict the pres-

encee of significant fetal heart rate rhythms. Linear regression was performed to test 

whetherr gestational age influenced the significance of the diurnal rhythms in BHR, STV 

andd ACC, as expressed in their F-statistic, mesor and amplitude. In all analyses, a level of 

pp < 0.05 was considered to be significant. 

Results s 

FetalFetal heart rate parameters: BHR, STV, and ACC 

Inn Figure 1, the mean deviations around the daily mean (  s.e.m.) of the Basal Heart 

Ratee (BHR), Short Term Variability (STV), and Accelerations Count (ACC) are plotted 

att 1-hour intervals for the whole study group. 

BHR BHR 

Inn the majority of pregnancies the mean diurnal rhythm in fetal BHR was best described 

byy the combination of a 24- and 12-hour cosine function. In 18 of the 26 fetuses (69%) 

thee obtained F-statistic (F-stat)for the sum of the 24- and 12-h curve fit reached signifi-

cancee (i.e. F-stat > 2.87; degrees of freedom=4,23). Fig.2 illustrates the result of the 
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Fig.. 1 Hourly means ) of Basal Heart Rate (BHR) in beats per minute (bpm), Short Term 
Variabilityy (STV) in milliseconds (ras), Acceleration Count per hour (ACC) in 26 normal human 
fetuses.. Black bars indicate the night period during which lights were off. 
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Fig.. 2 Mean Basal Heart Rate (BHR) ) in 18 out of 26 fetuses, showing a significant rhythm, 
bestt described by a combined 24- and 12-hour cosine fit. The dashed area indicates the night 
periodd during which lights were of. 
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Tablee I Evaluation ot the best fit for 6 different heart rate parameters, mean values of significant 
rhvthmss from 26 control fetuses. 

FHR-Parameter r Significant t 
Diurnal l 
Rhythm m 

n(%) ) 

BHRR (b/min) 

LTVV (ms) 

STVV (ms) 

ACCC count 

ACCC duration 

(ms) ) 

ACCC rate 

(raisedd b/m) 

19(73%) ) 

10(38%) ) 

12(46%) ) 

4(15%) ) 

8(31%) ) 

9(35%) ) 

Bestt Fit in 
Majorityy of 
Subjects: : 

n(%) ) 

24+12h h 

18(69%) ) 

24+l2h h 
7(27%) ) 

24+12h h 

10(38%) ) 

24+12h h 

3(12%) ) 

24h h 
5(19%) ) 

24+12h h 

7(27%) ) 

MESOR R 
off  Best Fit 

%% conf.int) 

137.40 0 

(134.91-139.89) ) 

55.48 8 

(47.41-63.55) ) 

9.52 2 

(7.74-11.30) ) 

20.96 6 
(14.1-27.82) ) 

38.8 8 

(35.78-41.82) ) 

9.96 6 

.28-11.64) ) 

AMPLITUDE E 
off  Best Fit 

%% conf.int) 

ACROFASE E 
off  Best Fit 

NADIR R 
off  Best Fit 

%% conf.int.) j % conf int.) 

7.36 6 

(5.82-8.90) ) 

10.83 3 
(7.44-14.22) ) 

1.96 6 
(1.38-2.54) ) 

5.97 7 

(3.06-8.88) ) 

8.00 0 
(7.38-8.62) ) 

1.96 6 
(1.40-2.52) ) 

14:23 3 
(12:26-16:20) ) 

02:39 9 

(01:36-03:42) ) 

2:26 6 

(23:41-05:11) ) 

03:29 9 

(22:38-08:20) ) 

5:35 5 

(23:02-12:08) ) 

01:57 7 

(00:45-03:09) ) 

04:30 0 

(03:58-05:02) ) 

13.16 6 

(11:07-15:25) ) 

12:34 4 

(09:54-15:14) ) 

15:07 7 

(08:32-21:42) ) 

17:35 5 

(11:02-00:08) ) 

07:43 3 

(02:40-12:46) ) 

BHRR = Basal Heart Rate; LTV = Long Term Variation; STV = Short Term Variation; ACC = Acceleration. 

Tablee II Evaluation of the best fit  for maternal plasma hormones, average of significant fits in 17 
controll  patients. 

Cortisoll  (umol/1) 

Melatonin n 
(pg/ml) ) 

Estnoll  (umol/1) 

Progesterone e 
(nmol/1) ) 

Significant t 
Diurnal l 
Rhythm m 

n(%) ) 

JJ 5 (88%) 

16(94%) ) 

55 (29%.) 

3(18%) ) 

BESTT FIT 

n(%) ) 

24+12h h 

15(88%) ) 

24+12h h 
16(94%) ) 

24+12h h 

55 (29%) 

24+l2h h 

2(12%) ) 

MESOR R 

%% conf.int) 

0.64 4 

(0.56-0.72) ) 

17.19 9 

(9.41-24.97) ) 

0.32 2 

(0.13-0.51) ) 

536.74 4 

AMPLITUDE E 

,, conf.int) 

0.34 4 

(0.28-0.40) ) 

23.92 2 

(12.92-34.92) ) 

0.06 6 

(0.03-0,09) ) 

57.44 4 

ACROFASE E 

%% conf.int.) 

08:45 5 

(08:10-09:20) ) 

03:20 0 

(02:44-03:56) ) 

22:55 5 

(21:599 23:51) 

20:03 3 

NADIR R 

%% conf. int.) 

23:59 9 
(22:47-01.11) ) 

16.44 4 

(14:43-18:45) ) 

10:21 1 

(04:16-16:26) ) 

12:41 1 
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curvee fitting in these 18 fetuses: the averaged data with standard errors of these fetuses 
aree shown together with the mean of the individual best cosine fits to demonstrate the 
closee fit to the actual data. In one subject a 24-h fit  alone yielded a significant F-statistic 
(i.e.. F stat > 3.49; df=2,23). Thus altogether, in 73% of the subjects, a significant diurnal 
rhythmm in BHR was present. The mean mesor of the BHR for the significant 24- and 12-
hh fits was 137.4 b/m, with an amplitude of 7.36 b/m.The basal heart rate showed a broad 
maximumm in the afternoon around 2.23 P.M., and a narrower minimum in the night, 
aroundd 4.30 A.M. (Table I). 

Variability Variability 

AA significant diurnal rhythm for STV and LTV, which was opposite to the rhythm in 
BHR,, was present in respectively 46% and 38% of the fetuses studied. For both STV and 
LTVV the best fit  to describe the data in most fetuses that showed a diurnal rhythm was 
againn a combination of a 24- and 12-hour cosine function. For two cases, in which the 
summ of the 24- and 12-hour fit  to the STV-data did not reach significance, the 24-hour fit 
alonee was significant. For LTV this was the case for three subjects. STV and LTV varied 
onn the average with 4, respectively 21 ms over the day. Both STV and LTV had their 
acrophasess around 2.30 A.M. and their nadirs around noon (Table I). 

Accelerations Accelerations 

Thee acceleration count per hour showed a significant diurnal rhythm in only 4 of the 26 
fetusess (15%). In three of these fetuses the diurnal rhythm was best described by a com-
binedd 24- and 12-hour fit  (shown in Fig. 4), in one fetus the 24-hour fit alone reached 
significance.. Eight fetuses (31%) showed a significant diurnal rhythm in acceleration 
duration,, and for nine fetuses (35%) the diurnal rhythm in acceleration rate was signifi-
cant.. Acceleration duration was the only FHR-parameter that was best described by a 
24-hourr cosine fit alone. The rhythm in acceleration rate was again best described by a 
combinedd 24-hour and 12-hour cosine. Although the acrophases of the acceleration count, 
durationn and rate occurred at night, and the nadirs during daytime, the maximum and 
minimumm values varied widely among these few fetuses (Table I). 

FetalFetal activity 

Eightt fetuses (31 %) showed a diurnal rhythm in fetal activity. In 6 of them the best fit  to 

describee the data was a 24h fit, and in two fetuses the combination of a 24h and 12h 

cosinee fitted the data best. Four other fetuses did not show a diurnal rhythm in activity, 

butt a significant 12h rhythm instead. 

MaternalMaternal rhythms in heart rate and plasma hormones 

Figuree 3 shows the mean deviations around the daily mean (  s.e.m.) plotted at 1-hour 
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intervalss of the mean maternal heart rate and the maternal plasma hormones, measured 

inn respectively 15 and 17 women. 

Thee diurnal rhythms in both maternal heart rate and all plasma hormones measured 

weree best described by a 24- and 12-h cosine fit. A significant diurnal rhythm in Cortisol 

andd melatonin was present in, respectively, 15 and 16 of the 17 women in whom we meas-

uredd hormone levels. In 5 of the 17 women, a significant rhythm in estriol was present. 

Onlyy 3 women showed a diurnal rhythm in progesterone. See Table II . for the biometrical 

descriptionn of these rhythms. 

Fourteenn ot the 15 women in whom we were able to measure maternal heart rate simul-

MHR R 

12 2 

CORT T 

PROG G 

MEL L 

i i 

188 24 6 
clocktime e 

12 2 

Fig.. 3 Hourly means (  SEM) of the mean Maternal Heart Rate (MHR) in 15 women, and of 
plasmaa levels of Cortisol (cort), progesterone (prog), melatonin (mel), and estriol (E ) in ^preg-
nantt women. Black bars indicate the night period, during which lights were off. 
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taneouslyy with fetal heart rate recording, showed a significant diurnal rhythm in mean 
heartt rate, best described by a combined 24-hour and 12-hour cosine fit. Of these 14 
pregnancies,, 13 fetuses (93%) showed a significant diurnal rhythm. In Fig.4 the mean of 
thee best fits of the maternal heart rate data and the fetal BHR- data of these 14 pregnan-
ciess are simultaneously shown. MHR and fetal BHR showed a significantly positive cor-
relationn in these 14 pregnancies, with correlation coefficients varying between 0.37 and 
0.89.. The time lag between maternal and fetal heart rate varied between -2 to +2 hours, 
withh one outlyer of -4 hour. 

Wee also obtained data on maternal activity over 3-5 days of 20 women. In all these women, 
theree was a diurnal rhythm in activity present during the 24-hour stay in hospital, which 
wass similarr to the rhythm during the other days. 

EffectEffect of gestational age and hormone rhythms on FHR-rhythms 

Gestationall  age, varying between 26 and 38 weeks (median 33 weeks), was positively 
correlatedd to the amplitude of the fetal BHR rhythm (r=0.42) and to the F-statistic of 
ACCC (r=0.45), but not to any of the other fetal heart rate rhythm parameters tested. A 
correlationn between gestational age and the presence of a significant diurnal rhythm in 
anyy of the maternal plasma hormone rhythms was not found. The presence of a signifi-
cantt diurnal rhythm in fetal BHR or STV was unrelated to the presence of a significant 
rhythmm in any of the maternal plasma hormones measured. 

88 -, 1 

-100 H—i—[—j—i—MI —r~i—n—i—i—rn—m—i— i i i —r~ 
122 18 0 6 12 

clocktimee (hours) 

Fig.. 4 Mean "best fits" of mean Maternal Heart Rate (MHR) and mean Fetal Heart Rate (FHR) 
inn 14 pregnancies. Dashed area indicates the night period, during which lights were off. 
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However,, BHR and Cortisol showed a positive phase-correlation, and BHR and mela-

toninn a negative one. The rhythm in BHR was also negatively correlated to the rhythm in 

STV.. A significant negative phase-correlation existed between melatonin and Cortisol, 

withh correlation coefficients varying between -0.95 and -1.0. 

PregnancyPregnancy outcome 

Alll  women delivered at term (median 278 days). Mean birthweight was 3454 grams (range 

2410-44655 grams). All children were healthy at birth, except for one, in whom a rupture 

off  the tentorium cerebelli was diagnosed after a vaginal breech delivery. 

Discussion n 

Previouss studies emphasized the presence of various diurnal fetal rhythms in normal 
humann pregnancy, but those studies drew conclusions only from averaged data of sev-
erall  pregnancies.23 ^ To describe diurnal rhythms for individual fetuses quantitatively, 
wee applied chronobiometric analyses to the outcomes of continuous 24h fetal heart rate 
(FHR)) recordings in 26 normal pregnancies. The parameters for heart rate and variabil-
ityy used in this study have proved to be good measures for fetal condition as judged by 
thee clinical outcome of more than 20,000 records,12 and are commonly used in clinical 
practice.. For almost all parameters, the sum of a 24-hour and a 12-hour cosine fit, which 
yieldedd an asymmetrical waveform, described the data better than a 24-hour fit alone. 
Thiss is inherent to the sleep-wake cycle in the human, which is asymmetrical in nature.8 

Parameterss quantifying the circadian waveshape were derived from the best-fit curve 
(i.e.. acrophase and amplitude). As we intended to describe diurnal rhythms, we only 
usedd frequency components with periods of 24-, 12-, and 8-hours for the curve fitting 
procedure. . 

BHR BHR 

Fetall  basal heart rate (BHR) can be compared to mean fetal heart rate (FHR), but shows 

smootherr pattern, because it is not influenced by the occurrence of accelerations or 

decelerations.. Except for differences in standard errors, the averaged 24-h data of those 

fetusesfetuses which showed a significant diurnal rhythm in BHR (Fig 3) highly resembles the 

averagedd 24-h BHR data in the whole study group (Fig.1). The same applies for the 

acrophasee and nadir of the diurnal rhythm in BHR, which correspond with earlier find-

ingss of other authors.4 '5 However, from the averaged data in the whole study group it 

cannott be detected that 27% off  the fetuses did not show a significant diurnal rhythm in 

BHR.. This demonstrates the restrictions of describing group phenomena, and shows 

thee advantage of quantifying diurnal rhythms for individual fetuses. 
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FetalFetal heart rate variability 

Thee finding that STV and LTV showed a rhythm which was opposite to the rhythm in 
BHRR is in agreement with previous studies.1 However, it is remarkable that only 46% 
andd 38%, respectively of the fetuses showed a circadian rhythm in STV and LTV , com-
paredd to 73% in BHR. Again, from the averaged data of the whole group (Fig.1), the 
relativelyy low prevalence of significant diurnal rhythms in STV within the group could 
nott be deduced. Our data show maximum values of STV and LTV during the night and 
aa broad minimum between 10.00 A.M. to 15.00 RM (Table 1). These acrophases and 
nadirss are based only on those cosine fits which reached significance, and thus cannot 
bee simply compared to the maximum and minimum values of FHR parameters that 
weree reported by Visser et al. (1982 ).3 The time of day at which variability is lowest coin-
cidess with the time fetal heart rate recordings are usually performed in the clinic. Before 
wee conclude from this that evening testing would be preferable,!6 we must keep in mind 
thatt the averaged diurnal variance in STV of 4 ms only applies to half of the normal 
fetusess that we have studied. It is thus not allowed to apply the findings in this small 
groupp of normal pregnancies to the clinical management of high risk pregnancies. Moreo-
ver,, it is questionable whether FHR-monitoring should take place at the time of day at 
whichh variability is highest or lowest. This can only be indicated by clinical studies. 

Accelerations Accelerations 

Patrickk et al. (1982) described a diurnal pattern in the mean duration of accelerations 
withh a peak between 23.00 and 2.00, coinciding with the daily peak in gross fetal move-
ments.. 4 However, he only reported averaged data from 12 pregnancies at 38-40 weeks of f 
gestationall  age. The averaged data of our whole study group showed a similar peak.but 
chronobiometricall  analysis revealed that only a minority of the individual fetuses showed 
aa diurnal rhythm in duration, size, and number of accelerations. 95%-confidence inter-
valss for all three parameters were very large. Thus we can only state that the incidence, 
size,, and duration of accelerations show acrophases during the night, and nadirs during 
thee day. 

FetalFetal movements 

Aboutt one-third of the fetuses showed a significant diurnal rhythm in activity. Com-

paredd to other parameters, the percentage of fetuses which showed a significant 12-hour 

rhythmm in activity was relatively high (15%). In many cases, the data of the individual 

fetusess (not shown) also showed ultradian activity rhythms with periods much shorter 

thann 12 hours, corresponding with the fetal rest-activity cycles, which have been de-

scribedd by several authors.17 '*  We have not quantified these short periodicities, because 

thiss study focused on the description of diurnal rhythms. 
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MaternalMaternal influence on fetal rhythms 

InIn those 14 pregnancies in which we compared the diurnal rhythm in maternal heart 

ratee (MHR) with the diurnal rhythm in fetal BHR, these rhythms were highly correlated. 

Onn the average the MHR was almost continuously 1 hour in advance of the fetal BHR, 

butt the individual data showed that the lag between the maternal and fetal rhythm var-

iedd between -2 and +2 hours. It is thus unlikely that the fetus passively follows the diur-

nall  rhythm of the mother. It seems more likely that the fetal and maternal diurnal oscil-

latorss are in phase, but that the heart rate rhythms of both mother and fetus are at the 

meantimee under the masking influence of hormones, activity or emotions. 

Itt is remarkable that in these 14 pregnancies the prevalence of a significant rhythm in 

BHRR was 93% instead of the 73% in the whole study group. This suggests that the pres-

encee of a maternal diurnal heart rate rhythm is necessary for the generation of fetal diur-

nall  rhythms. We therefore agree with Honnebieret al (1988)19 that fetal diurnal rhythms 

aree to a large extent driven by the mother. The mechanism by which the mother influ-

encess fetal rhythms is still a matter of discussion. 

Patrickk (1982)4 suggested that the maternal Cortisol rhythm synchronizes fetal adrenal 

rhythmss by negative feedback on the fetal pituitary-adrenal axis. The finding that elimi-

nationn of maternal Cortisol rhythms inhibits diurnal rhythmicity in fetal adrenal hor-

mones,, FHR-variability, breathing and movements supports this theory of maternal Cor-

tisoll  as Zeitgeber for fetal diurnal rhythms.I5 However, althoughh maternal Cortisol may 

indeedd affect the fetal adrenal, it is unlikely that the diurnal rhythm in BHR is under 

directt control of the fetal pituitary-adrenal axis. Studies in patients affected by Cushing's 

syndromee show that Cortisol is not involved in the regulation of diurnal heart rate 

rhythms.200 In the adult, diurnal rhythms are driven by the biological clock, located in the 

suprachiasmaticc nuclei (SCN) of the hypothalamus.The information from this circa-

diann oscillator reaches the heart by means of the autonomic nervous system.21 It is still a 

matterr of discussion whether the fetal SCN plays such a role in the generation of prenatal 

diurnall  rhythms. Although studies in the squirrel monkey show that fetal SCN neurons 

expresss a metabolic rhythm, the human biological clock is still very immature during 

fetall  life.22,21 Glucocorticosteroid receptors are present in abundance in the suprachias-

maticc nucleus (SCN) during early development in rat.24 This indeed makes synchroni-

zationn of the fetal SCN by Cortisol possible. From animal studies there is evidence that 

thee maternal melatonin rhythm could also be involved in the regulation of FHR-rhythms.6 

Inn the human SCN melatonin receptors show up as early as the 18th week of gestation.22 

Moree evidence for a role of the fetal brain in the generation of fetal diurna! heart rate 

rhythmss came from our previous study, in which the anencephalic fetus in a discordant 

twinn pregnancy did not show a significant diurnal heart rate rhythm despite a profound 

maternall  heart rate rhythm.7 We thus hypothesize, that despite the immaturity of the 
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fetall  SCN, this nucleus is already capable of transferring maternal information on diur-

nall  rhythms to the fetal heart. 

UltradianUltradian rhythms 

Apartt from the presence of a diurnal rhythm in BHR in the majority of fetuses,the pres-
encee of a diurnal rhythm in the other fetal parameters varied widely among the 26 nor-
mall  pregnancies studied. This implies that the presence of fetal diurnal rhythms in itself 
doess not reflect fetal well-being, because many fetuses in good condition did not show 
significantt diurnal rhythms in FHR- parameters. The question remains why some fe-
tusess showed diurnal rhythms and others did not. 

AA possible explanation could be that in those cases in which diurnal rhythms were ab-
sent,, ultradian rhythms overruled the presence of diurnal rhythms. Indeed, many 24-
hourr data-series, which did not show a significant diurnal rhythm, often showed ultradian 
rhythms.. In normal adult life diurnal rhythms dominate ultradian rhythms as a conse-
quencee of the prevailing day-night scheme. It might be that information on the day-
nightt cycle, which reaches the fetus through the mother, is less able to impose a diurnal 
rhythmm than the information experienced in the "outside world". Another explanation 
couldd be that the relatively immature fetal biological clock is not able to transmit all 
informationn properly to target organs like the heart and the adrenals since e.g. the SCN-
efferentss are still lacking.623 Other oscillators that are known to be present in the brain, 
aree apparently more powerful during fetal life, and give rise to ultradian rhythms such as 
thee well described rest-activity cycles with periods around 60-90 minutes.31718 Follow-
ingg this hypothesis, it is not surprising that fetal movements, FHR-variability, and 
accelerationss that are strongly influenced by rest-activity cycles, often show more pro-
nouncedd ultradian rhythms than diurnal rhythms. 

Conclusions s 

AA significant rhythm in BHR was present in the majority of fetuses, and seems to be 

underr maternal control. Cortisol and/or melatonin may act as messengers that send in-

formationn on maternal diurnal rhythms to the fetal biological clock. The maternal en-

trainmentt of diurnal rhythms during pregnancy may have important physiological con-

sequences.. There is evidence that neurological development of preterm children exposed 

too a nursery environment with diurnal cycles improves.2? This is an indication that en-

trainmentt of the circadian system during fetal life is a necessary preparation for extra-

uterinee life. 

Ultradiann oscillators in the fetal brain may dominate the immature SCN, and may thus 

bee responsible for the absence of significant diurnal rhythms in various FHR-param-

eters. . 
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Thee large differences in the presence of diurnal rhythms among the healthy fetuses we 

studiedd may result from the large variability in maturation of the SCN.23 This explana-

tionn fits in the present neural-developmental concept that variability in neural develop-

mentt is, within certain limits, an expression of normality. :fr 
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