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Antenatal betamethasone administration to enhance fetal lung
maturation is associated with transient reductions in fetal heart
rate (FHR) variation, breathing, and body movements 2 d after
the first dose (d 2). This study examines whether steroid admin-
istration affects the natural diurnal rhythms of fetal variables.
Sixteen women at 27–32 wk of gestation received two doses of
betamethasone 24 h apart. One-hour recordings of FHR, breath-
ing, and body movements were made in the morning, afternoon,
and evening of d 2, and again in the morning of d 3. Repeat
recordings were obtained at 4–6 d later from 9/16 women.
Maternal blood samples were obtained with each recording to
determine ACTH and cortisol. No diurnal rhythm was present for
FHR, FHR variation, breathing, and body movements on d 2.
This resulted from suppression of the expected natural rise in
body and breathing movements, and heart rate variation in the
course of the day. Suppression of the diurnal rhythm of body
movements depended on gestation (R � �0.89; p � 0.01). All

variables showed diurnal rhythms 4–6 d later. Maternal ACTH
and cortisol diurnal rhythms were completely suppressed on d 2.
Four to six days later, the normal diurnal pattern was resumed,
although absolute levels of ACTH and cortisol were still sup-
pressed. We conclude that maternal betamethasone administra-
tion transiently abolishes the fetal diurnal rhythms of heart rate
and its variation, breathing, and body movements. (Pediatr Res
57: 662–666, 2005)

Abbreviations
FHR, fetal heart rate
GR, glucocorticoid receptor
LTV, long-term variation
MHR, maternal heart rate
SCN, suprachiasmatic nuclei
STV, short-term variation

In cases of threatened preterm delivery, synthetic glucocorti-
coids are administered antenatally to enhance fetal lung matura-
tion. A meta-analysis by Crowley (1) showed that antenatal
glucocorticoids not only reduced the incidence of respiratory
distress syndrome by 50% but also the incidences of neonatal
mortality, periventricular hemorrhage, and necrotizing enteroco-
litis. In 1994, this led to a recommendation by the National
Institutes of Health to routinely administer either betamethasone
or dexamethasone to all pregnant women at risk of preterm
delivery before 34 wk of gestation (2). We have previously shown
a transient reduction in fetal heart rate variation, breathing, and
body movements 2 d after the first dose of betamethasone was
administered (d 2) with a return to normal values 2 d later (3). It
is not known what the effects were throughout d 2, i.e. whether

diurnal rhythmicity is affected or not. Although our findings could
be suggestive of fetal hypoxemia, we did not find any changes in
Doppler flow velocity waveforms in the uterine and umbilical
arteries after betamethasone administration, nor did we find in-
creased occurrence of fetal heart rate decelerations or a reduction
in fetal eye movements (3,4). We concluded that the observed
effects were more likely the result of a glucocorticoid receptor
mediated process in the fetal brain.
Diurnal rhythms of FHR and its variation, body and breath-

ing movements exist in the second half of pregnancy (5–8).
FHR peaks during the day and minimum values are reached
between 0200 and 0600 h, whereas FHR variation reaches
lowest values between 0600 and 1200 h and peaks around
2400 h (6). The diurnal rhythm of fetal body movements is
characterized by a low incidence in the morning hours and an
increase in the late evening and night (7). At 30–31 wk
gestation, fetal breathing movements show a distinct diurnal
pattern. Lowest values (incidence of 10–12%) were found
during daytime. After the ingestion of meals, which resulted in
maternal glucose peaks, the incidence of breathing movements
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rose significantly during the second and third hours after the
meal (incidence of 40–45%). After the third meal at 1800 h,
breathing movements increased but did not return after the
third hour to low levels. In contrast, they fell to about 20% and
subsequently increased steadily to reach maximum values be-
tween 0400 and 0700 h (8). Fetal diurnal rhythms are to a large
extent driven by the mother, and maternal cortisol has been
postulated as a possible messenger in the maternal-fetal inter-
relationship of diurnal rhythms (9). Therefore, antenatal beta-
methasone administration could have an effect on fetal diurnal
rhythms either by suppressing maternal adrenal gland activity
or by a direct effect on the fetal brain.
The aim of the present study is to examine the effect of

betamethasone on the normally present diurnal rhythms of
FHR and its variation, breathing and body movements on the
second day (d 2) after the first gift of the steroid.

METHODS

Subjects. Sixteen pregnant women at 26–32 wk of gestation at risk for
preterm delivery were enrolled in the study after informed consent was
obtained. Exclusion criteria were signs of intrauterine infection, or treatment
with tocolytic drugs. The patients received two doses of betamethasone (12
mg, 24 h apart; Celestone Chronodose, Schering-Plough, Kenilworth, NJ) to
enhance fetal lung maturation. The first injection was given on d 0. On the
second day after the first injection (d 2), the study protocol started. All patients
were in a stable clinical condition during the study period on d 2 and 3.
Indications for steroid administration were intrauterine growth restriction with
or without preeclampsia (IUGR, fetal biometry �5th centile, n � 3), placenta
previa or other causes of vaginal blood loss (n � 7), and premature rupture of
the membranes (PROM, n � 6). The study protocol was approved by the
Institutional Review Board at our hospital.

Time line. Starting on d 2, 1-h recordings of fetal heart rate and movements
were made simultaneously. Recordings began at 0800, and continued at 0900,
1200, 1600, 1700, 2200, and 2300 h and at 0800 and 0900 h on the next day
(d 3). All subjects were exposed to a natural dark-light cycle, and the
sleep-wake ratio was similar in all women. Timing of meals was similar in all
patients (0730, 1300, and 1800 h), and contents were not standardized. Four to
six days later (average, 4.3 d), control recordings were made at 0900, 1600, and
2200 h.

Methods. FHR was recorded using a Hewlett Packard 8040-A cardiotoco-
graph (Boeblingen, Germany) with the woman in a semirecumbent position
and was analyzed numerically by a computer running the System 8000
program (Sonicaid, Oxford Instruments Plc, Eynsham, Witney, UK). With this
program, basal FHR (bpm, beats per minute) and pulse-interval differences
were determined (10). Long-term FHR variation (LTV, ms) was calculated as
the average of 1-min pulse-interval differences, whereas short-term FHR
variation (STV, ms) was calculated as the average of 1/16-min pulse-interval
differences.

Fetal body and breathing movements were visualized with the use of a
linear-array real-time ultrasound transducer (Model SSD 620, Aloka Co.,
Tokyo, Japan; probe 3.5 MHz) and scored on-line into a personal computer (3).
Tonic movements of the trunk occurring within 1 s of each other were regarded
to be a single burst of movement. The following parameters were calculated
per 1-h recording: the incidence (percentage of time spent moving) and the
incidence of breathing movements (percentage of time spent breathing).

In nine women, maternal heart rate (MHR) was recorded on both d 2 and
the control day using electrodes that were placed on the chest. Pulse intervals
were stored into a personal computer for off-line analysis by the system 8000
system, yielding data for both MHR and its variation (LTV, STV).

Blood samples. To investigate the diurnal rhythms of maternal ACTH and
cortisol, blood samples were obtained from five patients. Before the first
betamethasone injection, a baseline blood sample was taken (d 0). On d 2,
blood samples were taken at 0730, 1130, 1530, and 2330 h and the following
morning (d 3) again at 0730 h. Four to six days later, when the control
recordings were made in these patients, blood samples were taken according to
the same time schedule. ACTH and cortisol were determined using commer-
cially available kits. The baseline (d 0) sample was taken before betamethasone
administration at one of the five time points (depending on the clinical
situation) to compare it with its corresponding time points on d 2 and the

control day. This made it possible to calculate the absolute level of maternal
ACTH and cortisol suppression.

Statistics. All data are presented as mean � SEM. To test within-group
differences on d 2, one-way repeated measures ANOVA was used followed by
Dunnet’s posthoc test. In this analysis, the seven time points on d 2 were used.
To compare d 2 with the control day, two groups were distinguished: maternal
and fetal recordings on d 2 (group 1) versus maternal and fetal recordings on
the control day (group 2). Between-group differences were tested using
two-way repeated measures ANOVA (with Mauchly correction). For statistical
reasons only, three time points were used in the analysis; 0900, 1600, and
2200 h. To test differences within each group between the morning recordings
(0900 h) and evening recordings (2200 h), the paired Student’s t test was used.
Where appropriate, Pearson’s correlation coefficient was calculated. With all
tests, two-tailed p values � 0.05 were considered to indicate statistical
significance.

RESULTS

All 16 women completed the study protocol on d 2 and 3.
Seven women delivered before the control recordings could be
made 4–6 days later. Blood samples on d 2 and 3 and on the
control day were obtained from five women.
Fetal parameters on d 2. On d 2, no normal diurnal patterns

were found for FHR, LTV, STV, and body and breathing
movements (Fig. 1). Repeated measures ANOVA did not show
any significant time course for these parameters in all 16
patients. Fetal body movements showed a diurnal rhythm (Fig.
1), but the measure did not attain statistical significance (p �
0.10). The increase in FHR from d 2 to d 3 and the simulta-
neous decrease in FHR variation are consistent with our pre-
vious findings, when we studied these parameters longitudi-
nally over a 5-d period (3).
Fetal parameters on d 2 versus the control day. The three

recordings made on the control day (0900, 1600, and 2200 h)
were compared with the corresponding d-2 recordings (n � 9
women). For each parameter, the 0900-h values were similar
on either day, and not significantly different (Fig. 2). However,
the parameters showed a differential time course in the fetuses
exposed to betamethasone (d 2) and when unexposed (control
day). This is demonstrated in Table 1 by a significant time �
group effect (FHR, LTV, STV, trend for body movements) or
main group effect (breathing movements). On the control day,
body movements, breathing movements, LTV, and STV
showed an increase and FHR a decrease with time, and their
2200-h values differed significantly from the 0900-h values

Figure 1. Effect of betamethasone on fetal body movements (a), breathing
movements (b), FHR (c), and LTV (d) on the second and third day after steroid
administration. Presented are the mean values (SEM) at each of the nine time
points (n � 16).
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(Fig. 2). These normal diurnal patterns were completely absent
on d 2.
Furthermore, a significant relationship was found between

gestational age and the difference (delta) in the incidence of
body movements between the 1600- and 2200-h recordings on
d 2 (R � �0.89, p � 0.01) but not on the control day (Fig. 3).
In other words, in older fetuses the evening rise in body
movements was suppressed by betamethasone, whereas
younger fetuses displayed a normal diurnal rhythm of body
movements with an increased incidence in the evening.
Maternal heart rate. MHR showed a normal diurnal pattern

on d 2, with highest values in the morning and lowest values in
the evening, which was similar to and not statistically different
from the diurnal pattern on the control day (Fig. 4, Table 1).
Posthoc analysis showed significant differences between the
morning (0900 h) and evening values (2200 h, p � 0.01) on
either day. Furthermore, no significant differences were found
between the morning recordings on d 2 and 3. Similar results,
though in opposite direction, were found for MHR variation
(Fig. 4, Table 1).
ACTH and cortisol. Both the ACTH and cortisol rhythms

were completely suppressed on d 2 (Fig. 5). Although on the
control day absolute levels of both hormones were still reduced
by 45.1 � 4.3% and 59.2 � 10.2% for ACTH and cortisol,
respectively, both hormones showed a normal diurnal rhythm
with highest values in the early morning and lowest values
around midnight (Fig. 5, Table 1).

DISCUSSION

This study demonstrates that betamethasone given to pregnant
women transiently abolishes the fetal diurnal rhythms of fetal
heart rate and its variation, breathing and body movements. This
is mainly the result of suppression of the expected rise in body and
breathing movements, and of heart rate variation in the afternoon
and evening. Values of fetal parameters during the morning
recordings were similar on d 2 and 4–6 d thereafter, but differed
at the other time points (Fig. 2). Four to six days later the rhythms
are restored. Betamethasone did not affect the maternal diurnal
rhythms of heart rate and its variation. Although maternal diurnal
rhythms of cortisol and ACTH are absent on d 2 and absolute

values are considerably reduced, both have resumed their normal
diurnal patterns 4–6 d later.
Before starting the present study, we hypothesized that the

previously found reduction in FHR variation and body and
breathing movements 2 d after betamethasone administration is
caused by overall suppression of these parameters on d 2 (3).
Therefore, we expected to find differences in these parameters
between the study and control days for each parameter at each
time point. However, these differences were only found for the
afternoon and evening values and not for the morning hours
(Fig. 2). This suggests that the previously found reductions in
FHR variation and fetal movements on the second day after
betamethasone administration are caused by the suppression of
the diurnal rhythms of these parameters (3). Furthermore, we
also demonstrated that the suppression of the diurnal rhythm of
body movements was gestational age dependent (Fig. 3).
Diurnal rhythms of FHR and its variation, body and breath-

ing movements, exist in the second half of pregnancy (5–8).
Diurnal rhythms are assumed to be driven by a circadian
pacemaker, the suprachiasmatic nuclei (SCN) in the hypothal-
amus (9). Reppert (9) demonstrated in the rat that the fetal SCN
were synchronized by the maternal SCN. It is unclear how this
entrainment takes place. Several mediators have been postu-
lated as possible “Zeitgeber” such as hormones (melatonin,
cortisol, prolactin), food-intake, and body temperature (11).
Taylor et al. (12) even suggested uterine contractions as a
possible pathway of communication between mother and fetus.
Cortisol has long been suspected to play an important role as a
possible messenger in the maternal-fetal interrelationship. It
shows a robust 24-h rhythm that is present throughout preg-
nancy (13). Patrick et al. also demonstrated a 24-h rhythm for
estriol (E3) in maternal serum, which reflects diurnal activity
of the fetal hypothalamic pituitary adrenal axis (HPA). The
fetal adrenal produces DHEAS that is converted in the placenta
to E3. Interestingly, the E3 rhythm is inversely related to the
cortisol rhythm. Previous studies demonstrated that adminis-
tration of exogenous glucocorticoids to pregnant women re-
sults in abolished diurnal rhythms of maternal cortisol, ACTH,
and E3 and fetal activity but does not affect the diurnal rhythms
of maternal and fetal heart rate (14–16). The present data
clearly show that betamethasone given to pregnant women has
a pronounced effect on the diurnal patterns of fetal body
movements, breathing movements, FHR, and FHR variability
(Fig. 1). This effect is of short duration inasmuch as diurnal
rhythms have returned to normal just a few days later (Fig. 2).
The question remains whether betamethasone directly affects
the fetal SCN or whether it interferes with other centers in the
fetal brain that are involved in motor and breathing activity,
such as the raphe nuclei (RN), the locus ceruleus (LC), and the
nucleus of the solitary tract (NTS) (17,18). In the adult rat and
fetal sheep, glucocorticoid receptors (GR) have been identified
in all of these nuclei including the SCN (19–21). GR have a
very high affinity for synthetic glucocorticoids and their occu-
pancy suppresses neural activity (19,20). The intrauterine en-
vironment is influenced by several rhythmic hormones of the
mother (melatonin, cortisol, prolactin). All of these have been
studied in animal experiments (rats, hamsters, mice) as the
possible mediator for fetal circadian entrainment. However,

Figure 2. Fetal body (a) and breathing movements (b), FHR (c), and LTV (d),
on d 2 (closed markers) and the control day (open markers). Presented are the
mean values (SEM) at each of the three time points (n � 9). *Significantly
different from morning value. p � 0.01 for all except FHR (p � 0.05).
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maternal pinealectomy (removal of melatonin) alone did not
abolish maternal coordination of fetal circadian rhythms (9).
Furthermore, maternal adrenalectomy or removal of the pitu-
itary (in separate experiments) did not abolish the diurnal
rhythm of metabolic activity in the fetal rat SCN (9). In other
words, there most probably is not one single maternal signal
that entrains the fetal circadian clock. However, this does not
mean that cortisol is not an important “Zeitgeber.” An excess
of glucocorticoids, like in the present study, could alter fetal
diurnal rhythms directly through the SCN when all the other
“Zeitgebers” are still present and active. It is also possible that
the temporary reduction in fetal body and breathing move-
ments on d 2 results from direct suppression of the brain
centers of motor and breathing activity (RN, LC, NTS), result-
ing in disruption of the fetal diurnal rhythms of body and
breathing movements and, subsequently, FHR variation. If this
were the case, the suppression of movements should also have
been present in the early morning recordings as well, but this
was not the case (Fig. 2). The fact that the suppression of the
diurnal rhythm of body movements is dependent on gestational
age (Fig. 3) suggests that in younger fetuses glucocorticoid
receptors might not be fully functional.

If the maternal cortisol rhythm is a major time cue this
cannot be disproved by the present data. Although the
maternal ACTH and cortisol levels are still suppressed
considerably 6–8 d after the first steroid gift, the rhythms
have returned with highest values in the early morning and
lowest values around midnight. This occurs simultaneously
with the return of the fetal diurnal rhythms of heart rate
variation and movements.
With respect to clinical significance, it is clear that our

results have direct consequences for fetal surveillance in
high-risk pregnancies. Not only should clinicians know of
the reductions of fetal movements and heart rate variation
on the second day after glucocorticoid administration, they
should also be aware of its effect on the diurnal rhythm of
these parameters. For fetal monitoring and especially for
assessing trends in fetal heart rate variation and movements

Table 1. Overview of the results of the two-way repeated measures ANOVA for fetal and maternal parameters

Parameter

Effect of time Effect of time � group Effect of group

F(2,15) p Value F(2,15) p Value F(1,16) p Value

FHR (bpm) 0.5 NS 5.3 �0.01 0.1 NS
LTV (ms) 8.8 �0.001 3.9 �0.05 0.9 NS
STV (ms) 4.8 �0.05 3.3 0.05 0.3 NS
%BM 3.0 0.06 2.1 0.09 1.5 NS
%BrM 2.9 0.07 1.8 NS 7.6 �0.05
MHR (bpm) 24.4 �0.0001 0.4 NS 0.1 NS
MHR-LTV (ms) 6.6 �0.02 0.5 NS 1.7 NS
MHR-STV (ms) 10.6 �0.005 1.3 NS 1.6 NS

F(2,7) p Value F(2,7) p Value F(1,8) p Value

Cortisol (umol/L) 4.8 �0.05 4.6 �0.05 7.7 �0.05
ACTH (ng/L) 1.4 NS 1.4 NS 3.5 0.10

For both n � 9, except for cortisol/ACTH (n � 5). Shown are fetal heart rate (FHR), long-term variation (LTV), short-term variation (STV), incidence of body
movements (%BM), incidence of breathing movements (%BrM), maternal heart rate (MHR) and its long-term (LTV) and short-term (STV) variation, cortisol,
and ACTH.

Figure 3. Relationship between gestational age and the difference (delta) in
the incidence of fetal body movements between the 1600- and 2200-h record-
ings on d 2 (closed markers, R � �0.89; p � 0.01) and the control day (open
markers, NS).

Figure 4. Effect of betamethasone on maternal heart rate (MHR, upper
graph) and long-term variation (MLTV, lower graph) on both d 2 and 3
(closed markers) after betamethasone administration and the control day (open
markers). Data presented as mean � SEM (n � 9).

665BETAMETHASONE ALTERS DIURNAL RHYTHMS



with time (e.g. in case of IUGR), early morning recordings
should be preferably used in the period around glucocorti-
coid administration. Secondly, it is unclear what the tran-
sient disturbance of these fetal diurnal rhythms means for
the development of postnatal diurnal rhythms. It is generally
assumed that entrainment of the circadian clock in utero helps the
fetus to prepare for life in the outside world. Interruption of this
entrainment process could impede postnatal diurnal rhythm de-
velopment (11).
In conclusion we have demonstrated that betamethasone

given to pregnant women at risk of preterm delivery transiently
abolishes the diurnal rhythms of fetal body movements, breath-
ing movements, FHR and its variation. The previously found
reduction in FHR variation and body and breathing movements
2 d after betamethasone administration can be explained by the
suppression of the diurnal rhythms of these parameters.
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