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Abstract

The measurement of cortisol and 17-hydroxyproges-
terone (17-OHP) in saliva has become a reliable tool for
both the scientist and the clinician for studying adrenal
cortical function in the adult and the older child. We have
now established in parallel normative data for salivary
cortisol and 17-OHP levels in healthy neonates. We have
asked whether or not there is a circadian rhythm of corti-
sol and 17-OHP saliva levels in neonates. Furthermore,
we have asked whether salivary hormone levels corre-
lated with auxologic and clinical data and time of sam-
pling. Cortisol and 17-OHP levels in saliva samples from
119 healthy neonates (55 girls, 64 boys) were measured
using in-house time-resolved fluorescent immunoas-
says. Saliva samples were obtained using a saliva col-
lecting tube three times a day on the first or second day
of life. Gender and gestational age did not influence sali-
vary cortisol and 17-OHP levels. No significant circadian

rhythm of salivary hormone levels was detected in this
group of newborns. However, body mass index, arterial
cord blood pH and time of saliva sampling significantly
influenced salivary hormone levels. In conclusion, mea-
surement of cortisol and 17-OHP in saliva is feasible in
healthy neonates. The existence of normative data forms
the basis for future studies on pathophysiologic states in
the newborn period.

Copyright © 2000 S. Karger AG, Basel

Introduction

Corticosteroids are essential for the development of
the fetus. In early neonatal life, cortisol is already of
importance for stress responses and metabolic homeosta-
sis. The concentration of cortisol in amniotic fluid in-
creases during gestation towards a maximum at 38-40
weeks of gestation with levels of 82 £ 12 ng/ml [1, 2].

The 17-hydroxyprogesterone (17-OHP) levels in am-
niotic fluid in early gestation (1.63 £ 0.21 ng/ml, mean =+
SD) are also significantly lower than the levels found later
in gestation. From the 36th to the 38th week of gestational
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age, 17-OHP levels reach a maximum of 3.8 £ 0.74 ng/ml
[3]. High 17-OHP levels in amniotic fluid are found in
fetuses with congenital adrenal hyperplasia [4, 5].

The transplacental transfer of cortisol and synthetic
glucocorticoids has been demonstrated. In the middle of
gestation, maternal plasma cortisol levels are 8—10 times
higher than the fetal concentrations [6, 7]. The relative
biologic activity and metabolic rates of glucocorticoids
during gestation and at term have been studied previously
[8-11].

The measurement of cortisol and 17-OHP in saliva has
become a reliable tool for both the scientist and the clini-
cian for studying adrenal cortical function in the adult
and the older child [12-15]. We have now established in
parallel normative data for salivary cortisol and 17-OHP
levels in healthy neonates. In addition, we have asked
whether or not there is a circadian rhythm of cortisol and
17-OHP saliva levels in neonates and whether salivary
hormone levels correlate with clinical data of the new-
borns and time of sampling. Cortisol and 17-OHP levels
in saliva samples from 119 healthy neonates were mea-
sured using in-house time-resolved fluorescent immu-
noassays. These normative data are expected to build the
basis for future studies on pathophysiologic states of adre-
nal function and stress responses in the newborn period.

Subjects and Methods

Subjects

Saliva cortisol and 17-OHP levels were determined in 119
healthy neonates (55 girls and 64 boys). Auxologic and clinical data
were recorded using a structured questionnaire (table 1). 25 neonates
were born by sectio caesarea, 94 vaginally. Duration of birth was 44—
54 min and the time from onset of labor until birth was 414 + 256
min in the 94 neonates with vaginal delivery. Saliva was collected
18-24h (n =21) or 25-55 h (n = 98) after birth.

Saliva Sampling

From each infant, three saliva samples were taken at 7:00, 13:00
and 19:00 h before meals. Saliva was obtained by using a saliva col-
lecting tube with a cotton swab inside (Salivette®, Sarstedt, Niim-
brecht, Germany). The cotton swab was left in the neonates’ mouth
for 5 min. This procedure did not cause any distress. Saliva samples
were centrifuged and stored frozen at —20°C until analysis.

Cortisol and 17-OHP Assays

Samples were analyzed using in-house time-resolved fluorescent
immunoassays as described before [12, 13]. In some cases, sample
volumes were too small for duplicate determination of the two hor-
mones. Therefore, some measures contain smaller sample numbers
(<119). In brief, specific polyclonal antibodies against cortisol and
17-OHP respectively were used as first antibodies. Cortisol or 17-
OHP biotin conjugates were used as tracers. Cross-reactivities of the
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Table 1. Anthropometric and clinical data of the 119 healthy neo-
nates investigated in respect to salivary cortisol and 17-OHP levels

Median Range

Gestational age, weeks 39 31-42
Weight, g 3,290 2,080-4,550
Length, cm 51 45-57
Head circumference, cm 34 30-38
Body surface, m?2 0.2 0.15-0.25
BMI, kg/m? 12.5 9.8-15.9
Cord blood pH 7.31 7.07-7.53

immunoassays were very low [12, 13]. Hence, the assays are consid-
ered to be ideal for measuring steroid levels in the neonatal period.
The interassay coefficient of variation was between 4.1 and 11.7%
for the cortisol assay and between 5.0 and 9.8% for the 17-OHP
assay. The intraassay coefficient of variation was between 5.3 and
8.8% for the cortisol assay and between 5.0 and 9.8% for the 17-OHP
assay.

Results

Anthropometric and Clinical Data

Anthropometric and clinical data of the neonates are
summarized in Subjects and Methods and in table 1. As
was expected, there was a correlation between gestational
age and auxologic parameters (data not shown).

Cortisol and 17-OHP Levels in 119 Healthy Neonates

Cortisol and 17-OHP levels were measurable in saliva
samples of all healthy neonates. Only on rare occasions
was there too small a saliva volume to measure both hor-
mones in duplicate. There were no differences between
cortisol and 17-OHP levels in saliva from male and
female neonates (data not shown). Normative data for
salivary cortisol and 17-OHP levels in the neonatal period
were generated (table 2, 3). Interestingly, there was a sig-
nificant difference in salivary hormone levels when time
of sampling was analyzed: significantly higher morning
cortisol levels (p = 0.015) were found in the group in
which samples had been taken 18-24 h after birth com-
pared to the group where samples had been obtained 25—
55 h after birth (fig. 1a). 17-OHP levels were significantly
higher at all three times (morning p = 0.001, midday p =
0.017, evening p = 0.038) in the group where saliva sam-
ples had been taken 18-24 h after birth compared to the
group where samples had been taken 25-55 h after deliv-

ery (fig. 1b).
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Fig. 1. Salivary cortisol (a) and 17-OHP levels (b) (median, Ist and 3rd quartile) in 119 healthy neonates with
samples taken 18-24 () or 25-55 ( x ) h after birth as described in Methods. In the group in which saliva samples
were taken within 24 h after birth, morning, midday and evening 17-OHP and cortisol levels were significantly higher
(morning p =0.001, midday p = 0.017, evening p = 0.04 for 17-OHP; morning p = 0.0015 for cortisol) compared to the
group in which samples were obtained later than 24 h after birth.

Table 2. Salivary cortisol levels (ng/ml) from healthy newborns
according to time of sampling

Table 3. Salivary 17-OHP levels (pg/ml) from healthy newborns
according to time of sampling

Mean + SD Range Median n Mean + SD Range Median n

Samples taken 18-24 h after birth Samples taken 18-24 h after birth

Morning 14.25+11.82 2.21-49.46 11.19 21  Morning 623.1+481.4 211.4-1723.3 4434 15
Midday 12.97£11.26 2.62-46.55 10.18 21  Midday 497.0£323.3  183.4-1781.0 323.3 17
Evening 10.71£6.58 3.42-23.45 8.15 19  Evening 397.5£260.6  161.6-945.6 287.6 10
Samples taken 25-55 h after birth Samples taken 25-55 h after birth

Morning 9.76+9.36 2.41-60.40 6.71 98  Morning 305.6+£222.4 81.8-1528.9 2394 75
Midday 8.61+5.71 2.37-28.66 6.66 96 Midday 2954+175.8 116.4-983.6 256.4 65
Evening 8.19+5.29 1.21-34.66 6.80 96 Evening 247.1+131.4 92.3-739.2 205.6 56

Lack of Circadian Rhythm of Cortisol and 17-OHP

Levels

Neither saliva cortisol levels nor 17-OHP levels
showed a circadian rhythm (fig. 1a, b). However, there
was a significant correlation between 17-OHP levels in
the morning, midday and evening (morning and midday
r = 0.7, midday and evening r = 0.67, morning and eve-
ning r = 0.63).

Salivary Cortisol Levels as an Indicator of Stress in the

Neonate

Arterial cord blood pH values were significantly and
inversely related to the duration of labor in the whole
group of neonates considered to be healthy and not
exposed to known unexpected stresses (r = 0.37, p >
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0.001; data not shown). When we asked whether or not
early cortisol levels were related to cord blood pH as an
indicator of stress to the baby, a significant inverse rela-
tion was found in the group of infants where saliva sam-
ples had been taken within 24 h after birth (r = -0.52).

Relation between Cortisol and 17-OHP Levels in

Saliva

Since both cortisol and 17-OHP can be derived from
the adrenal cortex of the infant, we have asked whether or
not cortisol and 17-OHP levels in saliva of healthy neo-
nates correlated. In fact, when parallel measurements of
cortisol and 17-OHP in a total of 240 saliva samples were
analyzed, there was a significant correlation between cor-
tisol and 17-OHP levels in saliva (r = 0.33, p < 0.0001).

Klug et al.



Discussion

Significantly higher salivary cortisol levels (mean
14.25 ng/ml) were found in infants in which saliva had
been sampled within the first 24 h after birth compared to
the group of infants in which samples had been obtained
25-55 h after birth (mean 9.76 ng/ml; p < 0.001). We
hypothesize that stress might contribute to high cortisol
production of the neonate around birth and during deliv-
ery [15, 16]. As a consequence, high cortisol saliva levels
are present at birth and shortly thereafter. Due to the
short half-life of cortisol, the high cortisol levels then
decline rapidly during the first days of life. This assump-
tion is in agreement with the findings of Bertrand et al.
[14] who also found that cortisol levels declined after
birth. They also investigated plasma cortisol levels of
75 neonates born at term. Maximum cortisol levels (40.5
ng/ml) were found shortly after birth, while a minimum
(6.7 ng/ml) was observed between the 3rd and the 5th day
of life. These data are in accordance with our data in
respect to saliva cortisol levels. In addition, Bespalova et
al. [15] showed a decline in plasma cortisol levels within
the first day of life in healthy neonates. Kurihara et al.
[17] investigated saliva and plasma cortisol levels as an
indicator of stress in neonates. Saliva cortisol levels
showed a close correlation with plasma cortisol levels.
Cortisol levels were positively related to stress in this
group of neonates and infants.

In our study, low cord blood pH was related to longer
duration of labor (r = 0.26, p = 0.01). It has to be empha-
sized in this context that all infants studied by us were
healthy, not asphyxiated and undistressed. Therefore the
range of cord blood pH values is limited. It would be
expected that in a study also involving ill or distressed
neonates, a larger range of pH values would be found. Still
there was a striking inverse relation between morning cor-
tisol levels and cord blood pH (r =-0.52, p=0.017) in the
group in which samples were taken within 24 h after birth.
In the same group, there was a positive correlation
between morning cortisol levels and body mass index (r =
0.58, p = 0.006). A multiple regression analysis showed
that both correlations just exist because of two extremely
high morning cortisol levels, which belong to two partici-
pants with extremely high body mass indices. We hy-
pothesize that elevated salivary cortisol levels — as an
expression of increased stress — might be related to high
body mass index and near asphyxiation. This hypothesis
should be tested in a prospective study involving dis-
tressed and asphyxiated as well as healthy neonates.

Cortisol and 17-Hydroxyprogesterone
Levels in Saliva of Healthy Neonates

It is unclear at what time of infancy the circadian
rhythmicity of cortisol release is first present. Some au-
thors believe that rhythmicity starts as early as within the
2nd week of life [15, 18-23], while others state that the
circadian rhythm of cortisol plasma levels is only present
after 9 months of life [16]. In our study, no circadian
rhythmicity was present in the whole group of 119 infants
during the two days of the study period.

Reference values of plasma 17-OHP levels in neonates
and infants have been reported previously [24, 25]. We
now provide normative data on 17-OHP saliva levels in
neonates. In our study, 17-OHP salivary levels rapidly
decreased from the first to the second day of life. This
finding goes along with the data from Sippell et al. [20]
who showed that 17-OHP blood levels decrease rapidly
after birth [20, 25]. In contrast to salivary cortisol levels,
17-OHP morning, midday and evening levels show a
remarkable correlation: high morning levels are related to
high midday and high evening levels. As a result of this, it
could indeed be possible to take just one sample a day in
order to, e.g. screen for congenital adrenal hyperplasia
using saliva samples.

In conclusion, we have established normative data for
salivary cortisol and 17-OHP in healthy neonates (ta-
ble 2, 3; fig. 1). The salivary concentrations of both hor-
mones decline rapidly after birth. No gender difference of
salivary cortisol and 17-OHP levels was found. The deter-
mination of salivary cortisol levels in neonates might be a
helpful measure to control for neonatal stress and birth
asphyxia.
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