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Abstract
OBJECTIVE—Relative adrenal insufficiency in extremely low birth weight infants may
contribute to significant morbidity and death. Our objective was to evaluate the relationship
between cortisol concentrations and short-term outcomes.

METHODS—Cortisol concentrations were obtained for 350 intubated, extremely low birth
weight infants at postnatal age of 12 to 48 hours and at day 5 to 7, as part of a multicenter,
randomized trial of hydrocortisone treatment for prophylaxis of relative adrenal insufficiency.
Death and short-term morbidity were monitored prospectively. Cortisol levels at each time point
were divided into quartiles. The incidence rates of outcomes were determined for each quartile and
for infants with cortisol values of <10th percentile or >90th percentile.

RESULTS—Median cortisol values were 16.0 μg/dL at baseline and 13.1 μg/dL on day 5 to 7 in
the placebo group. Outcomes did not differ in each quartile between treatment and placebo groups.
Low cortisol values at baseline or day 5 to 7 were not associated with increased morbidity or
mortality rates and were not predictive of open-label hydrocortisone use. In fact, vasopressor use
was lower for infants with lower cortisol values at baseline. Severe intraventricular hemorrhage
was more frequent in infants with cortisol levels in the upper quartile at baseline, and values of
>90th percentile were significantly associated with higher rates of death, severe intraventricular
hemorrhage, periventricular leukomalacia, gastrointestinal perforation, and severe retinopathy of
prematurity.

CONCLUSIONS—Low cortisol concentrations were not predictive of adverse short-term
outcomes, but high cortisol concentrations were associated with severe intraventricular
hemorrhage, and extremely elevated values were associated with morbidity and death. Low
cortisol concentrations alone at these 2 time points did not identify the infants at highest risk for
adverse outcomes. In contrast, high cortisol values were associated with increased morbidity and
mortality rates.
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Extremely low birth weight (ELBW) infants are at high risk for death and significant short-
term and long-term morbidity. Many factors contribute to the vulnerability of these high-risk
infants, including conditions associated with an inflammatory process, such as
chorioamnionitis, sepsis, and bronchopulmonary dysplasia (BPD).1,2 The inability of
immature infants to respond appropriately to an inflammatory insult likely plays a critical
role in this process.1-8 The contribution of relative adrenal insufficiency in modulating the
inflammatory response in this high-risk population has been the focus of attention.7-11

Relative adrenal insufficiency occurs during an acute illness when the patient fails to mount
an adequate cortisol response. Symptoms in adults and children include hypotension and
electrolyte abnormalities, symptoms commonly seen in ELBW infants.12-14 Some studies
have reported that low basal cortisol values and/or lower responses to corticotropin are
associated with the subsequent development of BPD.1-8,10 Despite this, a large randomized
trial of the prophylactic treatment of ELBW infants in the first 2 weeks of life with
physiologic replacement doses of hydrocortisone did not reduce mortality or BPD rates,
although treatment did reduce those outcomes for infants exposed to chorioamnionitis.9 In
that study, treatment with hydrocortisone, in combination with early indomethacin therapy,
was associated with an increased incidence of spontaneous gastrointestinal perforation.

The literature is conflicting on the meaning of cortisol concentrations in ELBW infants.
Several studies showed that low cortisol values, as a marker of relative adrenal
insufficiency, identify infants at highest risk for morbidities such as hypotension15-18 and
BPD.1-11 However, when low cortisol values are used as a marker for adequate treatment of
pain, lower values are associated with lower mortality and morbidity rates.19,20

Despite conflicting data, the use of hydrocortisone for treatment of symptoms associated
with relative adrenal insufficiency, such as hypotension, is now common practice.21

Identifying infants at highest risk for adverse outcomes would allow the focus of therapy to
be on infants who might benefit most from treatment. We performed a secondary analysis of
data from the randomized trial of hydrocortisone treatment in ELBW infants.9 Our objective
was to evaluate the relationship between cortisol concentrations and short-term outcomes.
We were specifically interested in establishing clinically useful ranges for cortisol
concentrations that could identify infants who were at highest risk for poor outcomes and
hence could derive the most benefit from hydrocortisone treatment.

METHODS
Population and Procedures

Cortisol levels were determined for infants enrolled in the multicenter study of low-dose
hydrocortisone therapy for prophylaxis of early adrenal insufficiency. Infants were eligible
if their birth weight was 500 to 999 g and they required mechanical ventilation at study entry
(12–48 hours). The study protocol was approved by institutional review boards at all
participating institutions, and parental consent was obtained before enrollment. Infants were
assigned randomly to receive normal saline placebo or hydrocortisone sodium succinate (1
mg/kg per day, divided into twice-daily doses, for 12 days, followed by 0.5 mg/kg per day
for 3 days). The study population had a mean birth weight of 734 g and a mean gestational
age of 25.3 weeks. Limiting enrollment to infants remaining intubated allowed identification
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of a sicker group of ELBW infants who were at greatest risk for adverse outcomes,
particularly BPD, and who might derive the most benefit from hydrocortisone treatment.
Full descriptions of the study population and details of the study protocol were reported
previously.9

Baseline cortisol concentrations were determined for all infants at study entry, at postnatal
age of 12 to 48 hours. Additional cortisol concentrations were determined on day 5 to 7.
Values were available for 350 of the 360 ELBW infants enrolled in the randomized trial. To
determine physiologic ranges, quartiles were determined at baseline by using 332 values,
excluding infants who had received hydrocortisone before study entry. Baseline quartiles
included infants in both the placebo and treatment groups, because infants had not yet
received the randomly assigned treatment. Similarly, we evaluated outcomes on the basis of
cortisol concentrations obtained on day 5 to 7, to determine whether later cortisol values
could be used to identify high-risk infants. Cortisol concentrations at day 5 to 7 were
available for 311 infants, 153 of whom were in the placebo group. We determined the
quartiles for day 5 to 7 on the basis of only the placebo group, to avoid establishing falsely
elevated quartiles because of hydrocortisone treatment effects.

Outcomes based on cortisol concentration quartiles were initially examined according to
treatment groups, to evaluate the impact of treatment within the different quartiles.
Outcomes did not differ according to random assignment of placebo or hydrocortisone
treatment, showing the same trends and areas of significance; therefore, data were
combined. Outcomes based on day 5 to 7 cortisol levels represent the full cohort, that is,
both those who were treated with hydrocortisone and those who received placebo. A
subgroup analysis was performed with the infants exposed to chorioamnionitis. The
diagnosis of chorioamnionitis was based on review of placental pathologic features by 2
central readers. Interleukin 6 levels, measured at the time of cortisol sampling, were
evaluated in relation to the cortisol concentration quartiles.

Statistical Analyses
The χ2 test (or Fisher’s exact test, when appropriate) was used for bivariate analyses of
dichotomous outcomes. These analyses are summarized as frequencies and percentages
within cortisol quartiles. Logistic regression was used for multivariate analysis of
dichotomous outcomes, with adjustment for birth weight, gestational age, prenatal steroid
exposure, hydrocortisone exposure before study entry, singleton versus multiple gestation,
and vaginal versus cesarean section delivery. These analyses are summarized as adjusted
odds ratios and corresponding 95% confidence intervals. Duration of vasopressor use was
analyzed by using Poisson regression with bivariate analyses, summarized as means and
SDs within cortisol quartiles; multivariate analyses are summarized as risk ratios. All
hypothesis testing was 2-sided, with P values of <.05 being considered statistically
significant. All analyses were conducted with SAS 9.1 (SAS Institute, Cary, NC).

RESULTS
Cortisol concentrations varied widely, both at baseline (postnatal age of 12–48 hours) and at
day 5 to 7, with and without treatment (Fig 1). Cortisol values at baseline were significantly
higher than those at 5 to 7 days. As expected, infants receiving hydrocortisone had higher
cortisol concentrations at 5 to 7 days than did those receiving placebo (Table 1).

Baseline cortisol concentrations in the lower quartile were not associated with increased
mortality or morbidity rates (Table 2). This held true for both hydrocortisone-treated and
placebo-treated infants; therefore, the presented results combine the 2 groups. There was no
difference between quartiles in outcomes such as BPD, infection, any intraventricular
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hemorrhage (IVH), or severe retinopathy of prematurity. There was an increased incidence
of severe (grade 3 or 4) IVH among infants whose cortisol concentrations were in the upper
quartile at baseline. Mortality rates trended higher with increasing quartiles, although results
did not reach statistical significance. Baseline cortisol levels were not predictive of open-
label hydrocortisone use. In fact, vasopressor use was lower in the lowest and highest
quartiles, compared with the middle quartiles.

Death and short-term morbidity could not be predicted by low cortisol concentrations at day
5 to 7 (Table 3). Again, mortality rates trended higher with increasing quartiles, but results
did not reach statistical significance. Rates of both any IVH and severe IVH were higher for
infants with cortisol concentrations in the highest quartile on day 5 to 7.

Logistic regression analyses indicated that only gestational age was independently
associated with increased mortality rates, open-label hydrocortisone use, and vasopressor
use at both time points. Vasopressor use did not differ between placebo and treatment
groups.

To clarify the relationship of true outliers with adverse outcomes, we compared infants with
cortisol values of <10th percentile (<5.2 μg/dL) or >90th percentile (>62.8 μg/dL) with
infants whose cortisol concentrations were in the middle quartiles (Table 4). Cortisol values
of >90th percentile were associated significantly with higher rates of death, severe IVH,
periventricular leukomalacia, gastrointestinal perforation, and severe retinopathy of
prematurity. Extremely low cortisol concentrations were not predictive of adverse outcomes
and were associated with lower rates of vasopressor use.

There was significant variation in cortisol levels between baseline and day 5 to 7, with
changes not being predictable according to treatment. Only 20 infants who had baseline
cortisol concentrations in the lower quartile remained in the lower quartile at day 5 to 7,
although 5 received hydrocortisone treatment, and 42 infants had both baseline and day 5 to
7 cortisol concentrations in the upper quartile. All other infants’ values crossed quartiles or
remained in the middle quartiles. When the infants who remained in the extreme quartiles
(lower or upper quartiles) were examined, there was a trend toward increased mortality,
BPD, severe IVH, periventricular leukomalacia, and gastrointestinal perforation rates in the
infants who had persistently elevated cortisol levels. There were no differences in
vasopressor use or open-label hydrocortisone use.

The analysis described above was repeated with a subgroup of infants diagnosed as having
chorioamnionitis. There were no differences in outcomes between quartiles for either
baseline or day 5 to 7 cortisol concentrations, with trends similar to those seen for the full
cohort. In addition, interleukin 6 levels did not correlate with cortisol concentration
quartiles.

DISCUSSION
Despite the evidence in the literature to support the concept of relative adrenal insufficiency
in ELBW infants, neither cortisol concentrations in the first 48 hours of postnatal life nor
those on day 5 to 7 were helpful in identifying infants, in this large cohort of sick intubated
infants, with clinical symptoms of relative adrenal insufficiency who might benefit most
from treatment with hydrocortisone. Determining the significance of low cortisol
concentrations in ELBW infants is challenging. Cortisol concentrations in utero are low and
increase slowly throughout gestation.22 Serial cortisol levels in healthy preterm infants can
remain quite low (mean: 4.5 μg/dL) without evidence of adverse consequences or symptoms
of relative adrenal insufficiency.23 However, several studies have associated low cortisol
levels in sick infants with adverse outcomes, such as the need for surfactant
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administration,1,3 vasopressor use,16,17 BPD,3-5,24 and death.6 A pilot study of prophylaxis
of relative adrenal insufficiency in ELBW infants showed improved rates of survival
without BPD after treatment with hydrocortisone.8 Another randomized study looking at
early treatment of relative adrenal insufficiency with hydrocortisone was halted after
enrollment of only 51 infants because of an increase in gastrointestinal perforations.10 The
authors concluded that infants with basal cortisol concentrations below the median had
decreased rates of BPD or death when treated with hydrocortisone (2 of 10 infants vs 7 of 10
infants), but this finding should be viewed with caution because of the small sample size.

It has been well established that infants with hypotension that is resistant to vasopressor
therapy, a common symptom of relative adrenal insufficiency, respond to treatment with
hydrocortisone.15,17 Several investigations have supported a role for decreased cortisol
production in the hypotension seen in extremely premature infants. Ng et al16 showed that
cortisol concentrations on day 7 of life were correlated inversely with the maximal dose of
vasopressor therapy in the first 2 weeks of life and the duration of its use. Arnold et al25

found that cortisol production was correlated significantly with blood pressure. In addition,
in an animal model, Yoder et al26 found that extremely premature infant baboons with
decreased cortisol production showed cardiac dysfunction, which was responsive to
hydrocortisone therapy.

These results are in contrast to our large trial, in which there was no correlation with adverse
outcomes for infants with cortisol concentrations in the lowest quartile, either at baseline or
at 5 to 7 days. In fact, correlations between cortisol concentrations and the use or duration of
vasopressor therapy were the opposite of anticipated, with less vasopressor use for infants in
the lowest quartile. Infants in the lower quartile at baseline did not show improvement in
outcomes; the incidence of adverse outcomes in the treated group was not different from that
in the placebo group for any quartile group. Although relative adrenal insufficiency may
contribute to morbidity and death in this vulnerable population, additional factors and
variability in cortisol concentrations make it difficult to identify the infants who may benefit
most from treatment.

Much of the focus of evaluating cortisol concentrations in ELBW infants has been on
establishing inappropriately low values. Many factors, in addition to the acuity of illness,
may affect the stress response. For example, cortisol concentrations have been used as a
proxy for evaluation of adequate pain treatment, with high concentrations suggesting
extreme stress associated with pain. Cortisol values decrease in response to treatment of
operative pain, and these decreased values are associated with decreases in morbidity and
mortality rates.19,20 Therefore, we chose to evaluate the outcomes of the infants with high
concentrations. Cortisol levels in the upper quartile, at both baseline and day 5 to 7,
regardless of treatment group, were associated with increased rates of adverse outcomes,
particularly severe IVH. A study examining urinary cortisol production rates in preterm
infants found a wide variation, with no difference between ill and well preterm infants.27

There was, however, a significant correlation of elevated cortisol production rates with
increased incidence of grade 3 to 4 IVH, consistent with our findings. Similarly, Korte et
al11 found that 44% of very low birth weight infants with cortisol concentrations of >15 μg/
dL had grade 3 to 4 IVH, compared with 14% of infants with cortisol concentrations of <15
μg/dL. It is not clear from our study whether elevated cortisol concentrations precede the
infants’ complications, as a marker of a vulnerable population, or whether the elevated value
is a result of the complications, particularly severe IVH. The timing of early head ultrasound
scans was not coordinated with the timing of cortisol concentration determinations, because
this was not part of the original study design.
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Increases in adverse outcomes with high cortisol levels were also noted in a trial of
prophylactic treatment with thyroid supplementation, in which both death and BPD were
more common in infants with either the highest or lowest cortisol concentrations.28 To
evaluate whether these increases in adverse outcomes and elevated cortisol concentrations
were related to exposure to inflammation, we performed a subgroup analysis of infants
exposed to chorioamnionitis. No differences in outcomes according to cortisol levels were
found in this group. In addition, an evaluation of interleukin 6 levels determined at the same
time as the cortisol levels did not indicate a correlation with cortisol concentrations. To
determine whether higher cortisol concentrations acted as a proxy for severity of illness, a
subset of sicker infants was defined as infants who continued to require assisted ventilation
at day 5 to 7, with the fraction of inspired oxygen times mean airway pressure above the
median for the group. These sicker infants showed a similar distribution across the cortisol
quartile concentrations and demonstrated similar trends of increased rates of adverse
outcomes with increasing cortisol quartile.

High stress values of cortisol may represent a marker for a population that is more
vulnerable to adverse out-comes. Having high cortisol concentrations did not decrease the
need for or length of vasopressor treatment or the need for open-label hydrocortisone
treatment, irrespective of treatment group. Indeed, early gestational age was the only
predictor of the need for these therapies. Hypotension is well known to be multifactorial in
origin, with relative adrenal insufficiency being only one possible cause. The response to
hydrocortisone treatment of hypotension in this population may not represent treatment of
relative adrenal insufficiency but may be a reflection of the steroid’s ability to cause an
increase in blood pressure.15,17,18 Use of hydrocortisone for treatment of hypotension may
be necessary in this population but does not necessarily imply the diagnosis of relative
adrenal insufficiency. Corticosteroids affect cardiovascular stability through numerous
mechanisms, such as inhibiting catecholamine metabolism and increasing angiotensin type 2
receptors in the myocardium.15 When hydrocortisone was given to neonates requiring high-
dose dopamine treatment, the increase in blood pressure was evidenced by an increase in
systemic vascular resistance without changes in stroke volume initially, with later
improvement in stroke volume.18

Cortisol concentrations obtained in this study represent total serum cortisol, which is the
sum of both bound and free cortisol. Free cortisol is the biologically active proportion of the
hormone, which can vary from 6% to 20% of total cortisol. Variables such as
hypoproteinemia, resulting in lower levels of cortisol-binding protein, can affect the
relationship of the total cortisol measured to the biologically active free cortisol. This
variability may contribute to the difficulty in establishing clinically relevant cortisol
concentrations for sick, intubated, ELBW infants.

CONCLUSIONS
We found that low cortisol concentrations in ELBW infants at 12 to 48 hours and day 5 to 7
of postnatal life did not identify the infants at highest risk for adverse outcomes.
Hypotension, a prominent symptom of relative adrenal insufficiency, was most associated
with decreasing gestational age, rather than cortisol values. In contrast, high cortisol
concentrations were associated with severe IVH. In addition, infants with values of >90th
percentile had increased mortality, gastrointestinal perforation, and periventricular
leukomalacia rates. Although some infants with adverse outcomes may have low cortisol
concentrations, this marker alone is not adequate to identify the population of infants who
proceed to develop BPD. Conversely, an elevated cortisol level may serve as a marker for a
population of ELBW infants most vulnerable to adverse outcomes. Further evaluation is
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needed to correlate the timing of the elevated values with the adverse events, particularly
severe IVH, to clarify this relationship.
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What’s Known on This Subject

Hydrocortisone is used to treat both hypotension and relative adrenal insufficiency in
ELBW infants and has been associated with gastric perforations. Defining normal
cortisol concentrations in this population is challenging, with conflicting information in
the literature.
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What This Study Adds

We address the clinical usefulness of cortisol concentrations in the first 48 hours of life
and on day 5 to 7 in identifying infants at high risk for adverse outcomes, who may
benefit most from treatment with hydrocortisone.
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FIGURE 1.
Scatter plot of logarithmically transformed cortisol values at baseline and at day 5 to 7, with
lines demarcating the median and upper and lower quartiles at each time point.
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TABLE 1
Cortisol Concentration Quartiles

N Cortisol Concentration, μg/dL

Lower
Quartile

Median Upper
Quartile

Baseline (12–48 h) 332 8.9 16.0 31.0

Day 5–7, placebo 153 8.7 13.1 18.1

Day 5–7, hydrocortisone 158 12.2 18.4 40.1
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