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Abstract
Background—The epidermal barrier is
well developed in term infants but defective in the immature infant with important clinical consequences. The development of the barrier shares similarities
with production of pulmonary surfactant.
Studies in the rat have shown that barrier
maturation is accelerated by antenatal
steroids, both structurally and functionally. Females have a more mature barrier
than males at the same gestational age.
These factors have not been studied in the
human.
Aim—To examine the influence of antenatal steroids and sex on maturation of the
epidermal barrier in the preterm infant.
Subjects—A total of 137 infants born
before 34 weeks gestation, 80 boys and 57
girls, were studied: 87 had been exposed to
antenatal steroids, and 50 had not; 99 were
studied prospectively, and 38 had been
studied previously.
Method—Barrier function was measured
as transepidermal water loss from abdominal skin by evaporimetry. Measurements were made within the first 48 hours
and corrected to a standard relative
humidity of 50% (TEWL50).
Results—The relation between TEWL50
and gestation was exponential with very
high levels in the most immature infants.
No influence of antenatal steroids or sex
could be shown. When infants who were
optimally exposed to antenatal steroids
were considered alone, no eVect could be
shown.
Conclusion—Epidermal maturation in the
preterm infant does not appear to be
influenced by antenatal steroids or sex,
suggesting that the mechanism of maturation diVers from that of the rat.
(Arch Dis Child Fetal Neonatal Ed 2000;83:F112–F116)
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An eVective epidermal barrier is important for
survival outside the aqueous uterine environment. The epidermis is well developed at term,
but is deficient in the preterm infant, particularly in the most immature.1 2 The weak
epidermal barrier results in a high transepidermal water loss (TEWL),3 4 risk of percutaneous
absorption,5 and traumatic damage, all of
which have important clinical consequences.
The barrier lies in the outer layer of the epider-

mis, the stratum corneum. Lipid bilayers fill
the intercellular spaces between the corneocyte
cell plates like the mortar between bricks.6 The
lipid is produced by lamellar bodies in the
cytoplasm of the cells of the stratum granulosum, the cell layer immediately below the stratum corneum. The contents of the lamellar
bodies are extruded into the intercellular
spaces. The whole process has similarities to
production of pulmonary surfactant and may
therefore be expected to be influenced by the
antenatal administration of steroids. In the animal model, antenatal steroid administration
has a considerable eVect on epidermal barrier
development, both structural and functional.7 8
There are therefore reasons to suppose that in
the human there may be a similar maturational
eVect, but this has never been examined.
Animal studies have also shown an eVect of
sex on epidermal barrier maturation as well as
pulmonary maturation.9 Females have a more
mature barrier than males at the same
gestational age. The influence of sex on epidermal maturation in the human infant has not
been examined.
We carried out this study to see if antenatal
steroids have a maturational eVect on the
human newborn epidermis. Because the use of
antenatal steroids is now so widespread and
eVective, a randomised controlled trial was
clearly impossible. The study was therefore a
prospective observational one, comparing epidermal barrier function in preterm infants
exposed to steroids with contemporary and
historical controls who were not. We also
examined the influence of sex.
Subjects
The policy in our maternity unit is to give steroids in the form of dexamethasone, two doses
12 hours apart (total dose 24 mg), to all mothers in whom delivery before 34 weeks gestation
is predicted. In all cases, the mother’s treatment card was directly inspected to see
whether steroids had been given and to note
the timing in relation to the delivery.
Gestational age was calculated from the
expected date of delivery predicted by early
ultrasound examination. If this date diVered
from the expected date of delivery calculated
from the last menstrual period by more than
two weeks, the infant was excluded from the
study.
Ninety nine unselected infants born before
34 weeks gestation were studied in the
newborn intensive care units of Nottingham
City Hospital and Queens Medical Centre,
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Table 1

Details of the infants and ambient measurement conditions

Any steroids
No steroids
Contemporary
Historical

Number of
infants (M/F)

Gestation
(weeks)*

Birth weight (kg)*

Ambient relative
humidity (%)†

Ambient temperature
(°C)†

87 (48/39)
50 (32/18)
12 (9/3)
38 (23/15)

30 (25–33)
29 (25–33)
30 (26–33)
29 (25–33)

1.31 (0.56–2.67)
1.33 (0.73–1.53)
1.47 (0.93–2.01)
1.28 (0.73–2.58)

34.7 (9–70)
32.6 (16–62)
30.2 (16–60)
44.3 (31–62)

35.3 (32.0–37.9)
34.8 (27.0–37.3)
35.2 (31.9–37.1)
33.4 (27.0–37.1)

*Values are median (range).
†Values are mean (range).

Nottingham between September 1997 and
September 1998. We excluded infants with
diseased or damaged skin and those transferred
to another unit early in the postnatal period.
Table 1 gives the details of the infants studied.
Because of the appreciable eVect of gestation
on TEWL, we divided subjects by gestation
into those above and below 30 weeks. In total,
87 infants had received at least one dose of
steroids before delivery, and 43 of these had
received steroid treatment considered optimal
in terms of pulmonary maturation—that is, two
doses of dexamethasone more than 24 hours
but less than one week before delivery. The
remaining 44 received suboptimal treatment—
one or more doses of dexamethasone within 24
hours or more than a week before birth. Twelve
infants in this contemporary group did not
receive any antenatal steroids.
Because antenatal steroid use is so high, we
included for comparison a group of 38 preterm
infants who were studied in our unit in
1985/1986 at a time when antenatal steroids
were not used. These infants were studied in
the same way. Abdominal TEWL measurements were made as part of a study on percutaneous gas exchange in the newborn and have
not previously been published. Gestation
ranged from 25 to 33 weeks (median 29) and
birth weight from 0.73 to 2.58 kg (median
1.28). In each case, ambient relative humidity
and temperature were recorded. These 38
infants were combined with the 12 in the contemporary study to form a no steroid group of
50 infants. The two groups, steroid and no
steroid, were similar in gestation and birth
weight (table 1). Of the 137 infants in the
study, 80 were male. No infant received
steroids in the early postnatal period during the
time of study.
Methods
Epidermal barrier function was measured
directly as TEWL using an Evaporimeter (Servomed, Sweden).10 This non-invasive technique estimates TEWL by measurement of the
gradient of water vapour pressure close to the
skin. It has been widely used in the newborn
and in animals. The probe containing two
water vapour pressure sensors is held lightly
against the skin until a stable reading of TEWL
(g/m2/h) is obtained. The probe also records
ambient relative humidity. Infants were studied
lying supine in an incubator. Ambient relative
humidity was not controlled, but was measured
in the centre of the incubator above the infant.
Added humidity from an external humidifier
was routinely used in the nursing care of all
infants below 1 kg in the first week of life. The

humidifier was turned oV and the incubator
allowed to run dry for about an hour before
TEWL was measured.
TEWL was measured from abdominal skin.
Previous studies have shown that this is an area
of particularly high TEWL in the preterm
infant.4 It is also a convenient site for measurement as it is accessible in sick infants without
interference and the skin is flat. TEWL was
measured from undamaged skin between the
xiphisternum and umbilicus in the midline, by
a single observer. The incubator air temperature was recorded. TEWL from the historical
controls was measured in the same way by a
single observer using the same Evaporimeter.
In the contemporary infants, measurements
were made on three occasions at about eight,
24, and 48 hours after delivery. After correction
to a standard relative humidity (see below),
these were averaged to obtain a mean value for
the first 48 hours. In the historical infants, a
single measurement was made within the first
48 hours (median age 24 hours, range 4 to 48).
Ambient humidity has an appreciable eVect
on TEWL. The relation is an inverse linear
one, with zero TEWL at 100% relative
humidity.3 11–13 Because measurements were
made over a wide range of ambient relative
humidity (9–70%), we corrected them to a
standard relative humidity of 50% (TEWL50)
using the following equation:
TEWLm = (100 − RHa)/s
where TEWLm is the measured transepidermal water loss, RHa is the ambient relative
humidity, and s is the slope of the line that
relates the two. s is calculated and hence:
TEWL50 = 50/s
Values of TEWL50 therefore reflect diVerences in epidermal barrier function and not the
environmental conditions. As TEWL50 is considerably aVected by gestation, the values are
not normally distributed. After log transformation, the eVects of antenatal steroids and sex
were examined by stepwise linear regression,
with logTEWL50 as the response variable. Gestation groups were compared using nonparametric testing (Mann-Whitney U).
Results
The relation between TEWL50 and gestation is
exponential, with very high levels of TEWL in
the most immature infants. Figure 1 shows
values for TEWL50 plotted on a log scale
against gestational age. The line of best fit is
linear. When the linear regression lines for the
infants receiving antenatal steroids and the
control infants are compared, they are virtually
identical. Stepwise linear regression showed
that the only variable that influenced TEWL50
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Figure 1 Relation between transepidermal water loss
(TEWL50) and gestational age in infants exposed (upper
graph) or not (lower graph) to antenatal steroids. The
vertical axis is a log scale, and the regression lines are
shown. They are not significantly diVerent.

Figure 2 Relation between transepidermal water loss
(TEWL50) and gestational age in girls (upper graph) and
boys (lower graph). The vertical axis is a log scale, and the
regression lines are shown. They are not significantly
diVerent.

Table 2 Median values of TEWL50 in the two gestational
age groups compared by exposure to antenatal steroids

Table 3 Median values for transepidermal water loss
corrected to a standard relative humidity of 50%
(TEWL50) in the two gestational age groups compared by
sex

TEWL50 (g/m2/h)
Gestation

n

Median

Interquartile range

24–29 weeks
Any ANS
Optimal ANS
Suboptimal ANS
No ANS

40
17
23
25

22.5
23.2
21.9
30.3

15.1–41.5
14.6–44.6
15.8–42.9
17.1–40.7

30–34 weeks
Any ANS
Optimal ANS
Suboptimal ANS
No ANS

47
26
21
25

8.0
7.5
9.2
9.0

6.3–10.4
6.2–10.3
6.4–11.2
6.5–10.6

Optimal and suboptimal ANS are defined in the text.
TEWL50, transepidermal water loss corrected to a standard
relative humidity of 50%; ANS, antenatal steroids.

was gestational age; antenatal steroids had no
eVect. When steroid and non-steroid exposure
were compared in the two gestational age
groups, median values were not significantly
diVerent (table 2). No significant diVerence
between median values was seen either when
the steroid treated infants were subdivided into
optimal and suboptimal groups (table 2). No
maturational eVect of antenatal steroids could
therefore be shown.
As no maturational eVect of steroids could
be shown, we combined the steroid and no
steroid groups to examine the influence of sex
on TEWL50 (fig 2). The regression lines were
compared in boys and girls and found to be
almost identical. Again stepwise linear
regression showed that the only variable that
influenced TEWL50 was gestational age; sex

TEWL50 (g/m2/h)
Gestation

n

Median

Interquartile range

24–29 weeks
Male
Female

35
30

28.5
20.5

19.5–39.3
14.0–43.9

30–34 weeks
Male
Female

45
27

9.0
7.7

6.5–10.7
6.2–10.4

had no eVect. When boys and girls were compared in the two gestational age groups,
median values were not significantly diVerent
(table 3).
Discussion
Antenatal steroids have a maturational eVect
on organs other than the lung, notably the gut
and kidneys.14–18 The similarity between alveolar surfactant and intercellular epidermal lipid
is striking, so a maturational eVect of antenatal
steroids on the epidermal barrier could be
predicted.19 Aszterbaum et al7 explored this in
the rat model. Maturation was assessed in
terms of gross structure, ultrastructure, lipid
composition, and barrier function (as TEWL).
They found that, if the mother was given betamethasone between days 16 and 18 and the
pups were delivered on day 19 (term is 21–22
days ), the epidermal barrier showed maturation to term levels compared with untreated
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controls. Similar results in the rat were
obtained by Okah et al.8 This is equivalent to
the maturational eVect of several weeks of gestation in utero or one to two weeks of postnatal
existence in the human. The eVect of antenatal
steroids on human epidermal development has
not been examined before.
Our study is limited by its design, because a
randomised controlled trial of antenatal steroids would clearly be impossible. However, we
think our use of contemporary and historical
controls is valid. Antenatal steroid use is now
very extensive, and our contemporary preterm
infants who were not exposed to steroids are
therefore a selected group in whom steroid
administration was not possible. The historical
controls were unselected and were no diVerent
from the 99 infants studied recently in terms of
gestation, age at study, method of measurement of TEWL, and environmental conditions.
Although the average and range of ambient
relative humidity was similar in the steroid and
non-steroid groups and in the contemporary
and historical groups, the eVect of humidity on
TEWL is so great that we corrected the results
to a standard relative humidity of 50%
(TEWL50) as others have done.20 Other environmental influences such as ambient temperature have a very small eVect on TEWL.
DiVerences in values of TEWL50 between individual infants are therefore a result of diVerences in the eVectiveness of the epidermal barrier. We can be sure that the historical controls
were not exposed to antenatal steroids.
Why have we have failed to show any maturational eVect of antenatal steroids on the epidermal barrier? It is not likely to be the result of
poor timing of their administration in relation
to delivery. The optimum timing of steroids for
reduction in mortality and respiratory morbidity is between 24 and 168 hours before birth.21
When we compared these infants with the
untreated group, there were no diVerences in
TEWL50. It is not clear why the newborn
human epidermis behaves diVerently from the
rodent epidermis because in several other
respects they are similar. On the basis of the
animal epidermal model and the eVect of antenatal steroids on pulmonary surfactant in the
human, we were looking for a major maturational eVect (equivalent to several weeks of
gestation), similar to the postnatal maturation
that occurs in immature infants in response to
being born.4 12 Such an eVect would be seen as
a shift of the regression line to the right in fig 1.
The antenatal steroid regimen used in the animal studies was diVerent from that used for
pulmonary maturation in the human—the dose
of betamethasone was higher and it was given
for longer—but this seems unlikely to explain
the lack of eVect. We conclude that there is a
species diVerence in epidermal maturation.
Hanley et al9 showed a sex diVerence in epidermal maturation in the fetal rat. On day 20,
female pups had rates of TEWL that were 40%
lower than those of males. Oestrogens accelerated and testosterone retarded epidermal
barrier maturation both structurally and functionally, when studied in vitro or in vivo. Similar eVects of oestrogen and testosterone on
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Key messages
+ Epidermal maturation is strongly dependent on gestation. High transepidermal water loss (TEWL) is the major
consequence of an immature barrier
+ Antenatal steroids and sex have a strong
maturational eVect on the epidermis in
the experimental animal
+ In the human preterm infant, no maturational eVect of antenatal steroids or sex
can be shown
+ Alternative strategies are needed to
manage the high TEWL of the most
immature infants

pulmonary maturation have been noted.22–24
The antiandrogen flutamide abolished sex differences in epidermal barrier maturation, just
as it has been shown to abolish sex diVerences
in pulmonary maturation.24 We have failed to
show any sex diVerence in epidermal barrier
maturation in the human preterm infant
although the influence of sex on pulmonary
maturation is well known.25 26 The latter is relatively small in comparison with the influence of
antenatal steroids in the human. Although our
study did not have the power to detect a small
sex eVect on TEWL, again it seems likely that
a species diVerence explains our failure to show
an eVect.
The clinical problems associated with epidermal barrier immaturity remain. As postnatal existence results in rapid maturation, these
problems are transient. Attention needs to be
focused on alternative ways of overcoming
them such as environmental manipulation or
the use of emollients in the immediate
newborn period.
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