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OBJECTIVE: To determine whether random cortisol levels obtained in neonates to assess for secondary adrenal insufficiency (Al)

after prolonged steroid exposure are predictive of central Al.

STUDY DESIGN: Data were collected on neonates born 2017-2022 who received =10 consecutive days of systemic steroids and
had cortisol measured thereafter. Data were then collected on whether those neonates developed signs of Al or had a failed

adrenocorticotropic hormone (ACTH) stimulation test.

RESULTS: Of the 71 cortisol levels (in 67 neonates) that were analyzed, there was no difference in cortisol levels between neonates
who developed Al (median cortisol level of 6.5 mcg/dl) and those who did not (median of 9.2 mcg/dl), or between those who failed
their ACTH stimulation test or passed it, using Wilcoxon ranked sum tests.

CONCLUSION: These findings demonstrate that cortisol levels may not be helpful in identifying Al in neonates exposed to

prolonged steroids.

Journal of Perinatology (2024) 44:1658-1662; https://doi.org/10.1038/s41372-024-01996-2

BACKGROUND

Steroids are often used in premature neonates to improve
respiratory status in order to facilitate extubation or wean
respiratory support. Prolonged glucocorticoid exposure can cause
secondary adrenal insufficiency (Al) due to suppression of the
hypothalamic-pituitary-adrenal axis. Recovery of the axis depends
on the total steroid dose, potency, and length of glucocorticoid
exposure [1]. Our current NICU protocol (Fig. 1) for evaluating
when steroids can be safely stopped involves weaning steroids by
50% every 72 h to a physiologic dose (hydrocortisone 7-8 mg/m?/
day divided q12h) for 2 weeks. At the end of 2 weeks, the evening
dose is held, and a morning cortisol level is done; that level is used
to determine whether steroids can be stopped, or whether the
baby needs a low-dose adrenocorticotropic hormone (ACTH)
stimulation test to further evaluate for central Al. There is limited
evidence in the literature that morning or random cortisol levels
are predictive of central Al in this population [2, 3]. However, when
this protocol was developed some years ago, this strategy was felt
to be the optimal approach.

Cortisol is secreted by children and adults in a pulsatile
pattern every 15-30 min in a circadian rhythm with peak cortisol
levels in the early morning. Neonates do not develop this
circadian rhythm until 2-3 months after birth [4, 5]. In addition,
neonates in the intensive care setting may not establish their
circadian rhythm until much later. Two studies have shown that
peak cortisol levels in neonates occur in the evening, as opposed
to the normal morning peak in adults [5, 6]. Cortisol levels have
also been shown to decrease with postnatal and postconcep-
tional age (when measured between 1 and 8 weeks postnatal

age), making it difficult to interpret cortisol status in the preterm
infant [7].

There have been several studies evaluating suppression of
cortisol levels obtained after steroid exposure in neonates [7, 8],
but no study has been done to evaluate the predictive value of
cortisol levels for Al when these levels are obtained after a
course of glucocorticoid treatment. The objective of this study
was to evaluate whether cortisol levels obtained per our
previous NICU protocol in neonates after a prolonged (=10 days)
steroid course are associated with central Al, as determined by
either (1) clinical symptoms of adrenal insufficiency that
required treatment, (2) the need to restart steroids due to signs
of adrenal insufficiency, or (3) a failed ACTH stimulation test. Our
hypothesis is that random cortisol levels do not predict central
adrenal insufficiency due to the variability of cortisol levels at
this age, and the lack of a circadian rhythm in neonates. Data
from this study will be used to revise our clinical protocol for
preterm infants requiring glucocorticoids, with the goal of
decreasing lab draws and tests, hospital costs, and unnecessary
steroid exposure.

METHODS

A retrospective chart review was conducted on neonates born between
2017-2022 (when the Al protocol was in place) who received at least
10 days of systemic glucocorticoids and who also had a cortisol level
measured after the steroid course. For each steroid course, data were
collected on whether the neonate developed concerns for possible Al, as
defined as (1) the patient developing clinical concerns for possible Al
(hypotension, hypoglycemia, or hyponatremia) that caused the clinical
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Glucocorticoid Weaning Plan: Name: BSA: Date: Please consult Endocrine

Patient receiving high dose glucocorticoid course(>15 mg/m2/day HC equivalent) > 14 days OR Course duration 10-14 days but was not tapered down gradually.
Course is completed and patient ready to be weaned :

!

Step 1: Give 50% of the last used dose of glucocorticoids x 3 days as long as it’s > 20 mg/m2/day of HC equivalent. Dose:___ mg
-If glucocorticoid dose is <20 mg/m2/day, skip tostep 3
|
r 1
If not well tolerated; consider
increasing the dose again. Patient is
not ready to be weaned or might
need slower wean.

If well tolerated (No increase in O2 requirement/No new tachypnea ): proceed to step 2
Step 2: Give 50% of the dose used in step 1 x 3 days as long as it’s >20 mg/m2/day of HC equivalent. Dose: mg
-If glucocorticoid dose is <20 mg/m2/day, skip tostep 3

o)

Step 3: Transition from other glucocorticoids to hydrocortisone. Give7-8 mg/m2/day, preferably divided BID x 2 weeks. * Patient needs stress doses once
receiving glucocorticoid dose < 30

mg/m2/day of HC equivalent.

-Requires stress doses in illness/ fever/ procedures .

[

Stress dose is mg q6 hr.
(30 mg/m2/day divided q6h)

1 .

If am cortisol: 3-12 mcg/dL: If am cortisol: 12 mcg/dL or more: 20 mg Hydrocortisone

Step 4: Hold evening dose and check am cortisol the next morning.

r
If am cortisol: <3 mcg/dL:
/ v 4
1- Discontinue maintenance
Hydrocortisone.

25 mg Cortisone

1- Continue maintenance HC 7-8 mg/m2/day
for 2 weeks.

1- Discontinue maintenance Hydrocortisone. S mg Prednisone

2- Requires stress doses in illness/ fever/
procedures.

2- Does notrequire stress doses. S mg Prednisolone

2-Requires stress doses in illness/ fever/

procedures. 3- No further evaluation needed unless clinically

4 mg methylprednisolone
warranted. !

3- Perform 1 mcg ACTH stimulation test

3- After 2 weeks:go to step 4. after 1 weeks.

Fig. 1
if steroids can be safely stopped.

362 patients received any steroids 2017-2022
(from electronic medical record)

0.6 mg Betamethasone

0.75 mg Dexamethasone

Steroid weaning protocol. Previous unit protocol for weaning steroids in neonates, which utilizes random cortisol levels to determine

Patients who did not qualify to be included:
- 144 had less than 10 consecutive days of steroids
- 42 had no cortisol level
- 40 had cortisol level before steroids
- 9 had cortisol level >7 days after steroids
- 55 had cortisol obtained before 10 days of steroids completed
- 4 had no held dose night prior
- 1 had concern for hypopituitarism

67 patients qualified to be
included, resulting in

129 cortisol levels that met
criteria

Criteria for qualifying cortisol levels to be included:
1) After at least 10 consecutive days of steroids
2) After a held dose

3) Within 7 days of stopping steroids

58 cortisol levels could not be analyzed because steroids were
N restarted right away, so could not assess whether patient would have
gone on to develop Al or undergone an ACTH stimulation test

71 cortisol levels in 58
patients could be analyzed

Fig. 2 Cortisol levels included in analysis. Breakdown of steroid courses prescribed during 2017-2022 in the NICU, and cortisol levels that

qualified to be included in analysis.

team to intervene for one of these signs (e.g., a glucose bolus), as
described in the patient chart, within 7 days of stopping steroids; (2) the
clinical team restarting steroids within 7 days due to concerns for possible
Al; or (3) the patient failing a low-dose ACTH stimulation test within
30 days of the enrolling cortisol level. This retrospective study was
approved by the Institutional Review Board at University Hospitals,
Cleveland, OH (#5TUDY20220579).

An initial sample size calculation determined that 80 total cortisol levels
(8 linked to Al and 72 without Al) would be required to not miss a
difference of 5 pg/dl in cortisol levels associated with/without Al with a
power of 80% and an a of 0.05. This was assuming a 10% incidence of Al in
our population (an estimate), and a standard deviation of 4.7 for cortisol
levels, calculated using the limited literature available [9, 10].

In the specified time period while the previous protocol was in place,
71 cortisol levels obtained in 67 neonates met criteria to be included in
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the analysis (Fig. 2). Some neonates had multiple steroid courses and
thus multiple cortisol levels; all eligible levels were included. To be
included, the cortisol levels had to be measured after at least 10 days of
consecutive steroids (with at least part of that course being >15 mg/m?/
day of hydrocortisone equivalent), after at least one held steroid dose,
and within 7 days of stopping steroids. Of the cortisol levels that
qualified, 58 could not be analyzed because steroids were restarted
immediately after obtaining the level (protocol recommended resuming
steroids if level <3 mcg/dl), so it was not possible to determine whether
these patients would have gone on to develop clinical Al. Cortisol levels
were compared between patients who had signs of Al and those who
did not. Wilcoxon rank sum tests were used since the cortisol levels were
not normally distributed, and analysis was performed using STATA
statistical software (version 15, Stata Corp, College Station Texas). A p
value of <0.05 was considered significant.
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Table 1. Characteristics of patients and steroid courses.

Patient characteristics (n = 67)

Median (25th %ile,
75th %ile)

25 (24, 27)
700 (610, 888)
Characteristics of steroid exposure for each patient (n = 67)

Gestational age at birth (weeks)
Birth weight (grams)

Day of life at start of first steroid course 17 (5, 29.5)
Postmenstrual age at start of first steroid 28 (26, 31)

course (weeks)

Postmenstrual age at first cortisol level 41 (34, 39)

(weeks)

Total number of days of steroid exposure 70 (40, 136)

Total cumulative steroid dose (in mg/m? 2115 (620, 4430)

hydrocortisone equivalent)

Days of extra steroids received due to low
cortisol level or levels

25 (13, 43)

RESULTS

Of this population of patients with at least 10 days of consecutive
steroids and a qualifying cortisol level, the median days of
exposure was 70 days (Table 1), in this high-risk population. This
cohort had a median gestational age of 25 weeks and birth weight
700 grams, typical of premature infants who receive steroid
courses.

We found an overall incidence of clinical Al related to 6 out of
71 cortisol levels (8.5%) (Table 2). Only two of 36 ACTH
stimulation tests (5.6%) performed resulted in a failed test.
Analyses showed no difference in cortisol levels between
neonates who developed signs of Al or failed an ACTH
stimulation test, and those who did not. In addition, of the 27
neonates who at some point had a low cortisol level or levels
(<3 pg/dl), 24 automatically received additional steroids per the
protocol, resulting in a median of 25 extra days (interquartile
range 13-43 days) of steroid exposure.

We examined our previous protocol for its utility based on the
category of cortisol level (<3 pg/dl, 3-12 pg/dl, and >12 pg/dl),
(Fig. 3A, B). No differences were identified among the cortisol level
groups, by Fisher exact test. In Fig. 3A, the signs of Al were defined
as either having signs of Al that required intervention, or having to
restart steroids due to signs of Al.

DISCUSSION

Random cortisol levels, obtained based on our previous protocol
to determine when it is safe to stop steroids, are likely not
associated with central Al in neonates exposed to prolonged
steroids, as there was no difference between cortisol levels
obtained in neonates who developed signs of Al and those who
did not. In addition, clinical Al was rarer than expected, despite
many of these patients having an ICD-10 code for Al in the
medical record. Only 8.5% of cortisol levels obtained were
associated with the patient having clinical signs of Al
requiring intervention or for which steroids were restarted by
the clinical team due to signs of Al Only 56% of ACTH
stimulation tests performed resulted in a failed test (peak
cortisol <18 pg/dl at 30 or 60min). The true incidence of
secondary Al among all neonates exposed to steroids may be
even lower than these numbers suggest, because patients
with longer and repeated steroid courses had more cortisol
levels obtained, so the results are skewed toward those
patients with the highest steroid exposure. However, our data
are also skewed because the protocol mandated restarting
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Table 2. Comparison of protocol-mandated cortisol levels (ug/dl) in
patients with or without concerns for adrenal insufficiency.

Did patient have the following Cortisol levels (Median

concerns for Al? (IQR))
Yes No
1. Signs of AI® that required clinical 6.5 (3.1, 9.2 (48,
team intervention 12.7) 15.3)
(n=4) (n=67)
2. Clinical team restarted steroids 8.7 (2.9, 9.0 (4.8,
due to signs of Al 14.4) 15.3)
(n=2) (n=69)
3. Signs of Al based on either 6.5 (2.9, 9.2 (4.8,

clinical team intervention or 14.4) 15.3)

restarting steroids (n=6) (n = 65)
Yes No

Failed ACTH stimulation test 104 (1.6, 5.0 (2.8, 6.4)
19.2) (n=34)
(n=2)

There were no differences in levels between Al and no Al groups by
Wilcoxon rank sum test.

Al adrenal insufficiency, ACTH adrenocorticotropic hormone, IQR inter-
quartile range.

®Hypoglycemia, hyponatremia, hypotension.

A % with signs of Al based on cortisol level

100.0%
I 80.0%
b
o
2 60.0%
o
@
< 40.0%
3
X 20.0% :

0.0% T % 5.6% 7
Cortisol <3 (n=10) Cortisol 3-12 (n=36) Cortisol >12 (n=25)
Cortisol level (pg/dL)
BSigns of Al  ONo Signs of Al

B % with failed ACTH stim based on cortisol level

100.0%

80.0%

60.0%

40.0%

20.0%
77

Cortisol >12 (n=3)

7, 9.1% 7

0.0%

% with failed ACTH stim test

Cortisol <3 (n=11) Cortisol 3-12 (n=22)

Cortisol level (pg/dL)

Failed ACTH stim  [Passed ACTH stim

Fig. 3 Incidence of adrenal insufficiency by cortisol level. Percent
of cortisol levels that were associated with signs of Al (A) or a
failed ACTH stimulation test (B) based on breakdown of cortisol
levels after previous evening dose held into low (<3 pg/dl), medium
(3-12 ug/dl), and high (>12 pg/dl) levels, as defined in our unit
protocol.

steroids if the cortisol level was <3 ug/dl, so possibly the most
at-risk group was not given the chance to show signs of Al
Although the initial indication for starting steroids was not
collected, given our typical unit practices it can be assumed that
most were started and continued on steroids for prevention or
treatment of bronchopulmonary dysplasia or chronic lung
disease.
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There have been several prior studies evaluating cortisol levels
in preterm neonates, and most have also shown that cortisol
levels are not predictive of adrenal insufficiency, though only two
small studies looked at cortisol levels obtained after steroid
exposure, as our study does. In one study of 25 premature infants,
patients who received dexamethasone treatment (5 patients, for a
mean of 16 days) had cortisol levels (measured at 1, 2, 4, and 8
postnatal weeks) that were not significantly different from those
babies who did not receive dexamethasone, though ACTH levels
were lower in infants who received dexamethasone [7]. This
suggests that ACTH levels may indicate some degree of
hypothalamic-pituitary axis suppression, but cortisol levels did
not appear to be affected by steroid treatment. In another study of
23 very low birth weight infants who received a 3-week tapering
course of dexamethasone, both ACTH and cortisol levels (obtained
during a corticotropin-releasing hormone stimulation test) were
significantly lower at the 3-week mark compared with prior to the
steroid course. Four weeks after treatment, ACTH levels had
recovered, while stimulated cortisol levels remained lower than
baseline [8].

Two other studies examined cortisol levels in preterm infants,
unrelated to steroid exposure. One study measured cortisol
levels every 2 weeks in all neonates born <29 weeks’ gestation,
and found that there was no difference in the cortisol levels
obtained in neonates who later went on to develop Al versus
those obtained in neonates who did not [2]. Another study
looked at 11 preterm infants (with matched controls) with
clinical signs of late-onset Al and measured cortisol and cortisol
precursor levels before giving hydrocortisone, and found that
cortisol levels did not differ between the cases and controls, but
the concentration of steroid precursors was higher in the group
with adrenal insufficiency, indicating that there was a limited
ability to synthesize sufficient cortisol for the degree of clinical
stress in those infants [3].

There are some limitations to our study. First, our initial sample
size calculation determined that we would need 80 total cortisol
levels (8 in babies with Al and 72 in babies without Al, assuming
10% of the cohort would have Al) to not miss a difference of 5 pg/
dl in cortisol levels between Al and non-Al babies. We were only
able to identify 71 random cortisol levels that qualified despite
looking over a 5-year period. The steroid weaning protocol was
not in place before that time, and is no longer being used, limiting
the time period available. In addition, there was a lower incidence
of clinical Al (8.5%) than we initially predicted (10% was used for
the sample size estimate). The standard deviation of cortisol levels
(7.5 pg/dl) was also higher than predicted (4.7 pg/d|, calculated as
a weighted average from limited data available in the literature)
[9, 10]. With this new information, the power to not miss a
difference of 5 ug/dl in cortisol levels with an a of 0.05 was only
33%. However, based on our actual data, we had 80% power to
not miss a difference of 9 ug/dl in cortisol levels between patients
with and without Al.

Another limitation to this study is that for many neonates with
cortisol levels <3 pg/dl, it could not be assessed whether they
would go on to develop clinical signs of Al, because steroids were
immediately resumed, per protocol. This could bias the results
because those patients with the lowest cortisol levels presumably
would be the ones most likely to develop Al, yet those patients
were not followed prospectively. Thus, our estimate of clinical Al is
reflective of infants with moderate (>3 mcg/dl) random cortisol
levels.

Despite these limitations, our study had enough power to not
miss a difference of 9 ug/dl in cortisol levels between patients
who developed Al and those who did not in the population of
babies with levels >3 mcg/dl, suggesting that cortisol levels may
not be associated with secondary Al in neonates after prolonged
steroid exposure. In addition, Al and failing an ACTH-stimulation
test were uncommon (8.5% and 5.6% respectively). Based on our
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protocol, babies with levels <3 mcg/dl automatically resumed
maintenance hydrocortisone. These neonates were likely receiv-
ing unnecessary continued steroid exposure in response to low,
yet non-diagnostic, cortisol levels, and received a median of an
additional 25 days of steroids due to these low levels. Based on
the findings presented here, we have revised our NICU protocol
with the goal of reducing unnecessary steroid treatment, blood
draws, and associated cost of cortisol level testing. We have
based our new approach on that of the “Buffalo” protocol,
published in a review article [1] which heavily relies on
observation time in hospital post-steroid course as an important
factor. In general, we believe this problem can be managed
without cortisol levels.

DATA AVAILABILITY
Dataset is available in the Supplementary Materials (de-identified and date shifted to
protect identities of patients).

REFERENCES

1. Htun ZT, Schulz EV, Desai RK, Marasch JL, McPherson CC, Mastrandrea LD, et al.
Postnatal steroid management in preterm infants with evolving broncho-
pulmonary dysplasia. J Perinatol. 2021;41:1783-96.

2. Masumoto K, Tagawa N, Kobayashi Y, Kusuda S. Cortisol production in preterm
infants with or without late-onset adrenal insufficiency of prematurity: a pro-
spective observational study. Pediatr Neonatol. 2019;60:504-11.

3. Masumoto K, Kusuda S, Aoyagi H, Tamura Y, Obonai T, Yamasaki C, et al. Com-
parison of serum cortisol concentrations in preterm Infants with or without late-
onset circulatory collapse due to adrenal insufficiency of prematurity. Pediatr Res.
2008;63:686-90.

4. Jett PL, Samuels MH, McDaniel PA, Benda GlI, LaFranchi SH, Reynolds JV, et al.
Variability of plasma cortisol levels in extremely low birth weight infants. J Clin
Endocrinol Metab. 1997;82:2921-5.

5. Kinoshita M, Iwata S, Okamura H, Saikusa M, Hara N, Urata C, et al. Paradoxical
diurnal cortisol changes in neonates suggesting preservation of foetal adrenal
rhythms. Sci Rep. 2016;6:35553.

6. lwata O, Okamura H, Saitsu H, Saikusa M, Kanda H, Eshima N, et al. Diurnal cortisol
changes in newborn infants suggesting entrainment of peripheral circadian clock
in utero and at birth. J Clin Endocrinol Metab. 2013;98:E25-32.

7. Wittekind CA, Arnold JD, Leslie GlI, Luttrell B, Jones MP. Longitudinal study of
plasma ACTH and cortisol in very low birth weight infants in the first 8 weeks of
life. Early Hum Dev. 1993;33:191-200.

8. Ng PC, Wong GW, Lam CW, Lee CH, Fok TF, Wong MY, et al. Pituitary-
adrenal suppression and recovery in preterm very low birth weight infants after
dexamethasone  treatment for  bronchopulmonary  dysplasia. JCEM.
1997;82:2429-32.

9. Greaves RF, Pitkin J, Ho CS, Baglin J, Hunt RW, Zacharin MR. Hormone modeling in
preterm neonates: establishment of pituitary and steroid hormone reference
intervals. J Clin Endocrinol Metab. 2015;100:1097-103.

10. Mori A, Tuli G, Magaldi R, Ghirri P, Tessaris D, Rinaldi M, et al. Plasma cortisol and
ACTH levels in 416 VLBW preterm infants during the first month of life: dis-
tribution in the AGA/SGA population. J Perinatol. 2019;39:934-40.

AUTHOR CONTRIBUTIONS

KR designed the study, collected the data, performed statistical analysis, and wrote
the initial draft of the manuscript. SB collected a significant portion of the data and
helped to edit the manuscript. JM, LDM, and RF provided substantial contributions to
the design of the study, interpretation of results, and editing of the manuscript. RMR
provided substantial contributions to the design of the study, statistical analysis,
interpretation of results, and editing of the manuscript.

FUNDING

This study received support from the Fellowship Research Award Program in
Pediatrics, funded by the Rainbow Babies & Children’s Foundation, Cleveland, OH.

COMPETING INTERESTS

The authors declare no competing interests.

SPRINGER NATURE



K. Rosano et al.

ETHICAL APPROVAL
This study was approved by the Institutional Review Board at University Hospitals,
Cleveland, OH (#5TUDY20220579).

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41372-024-01996-2.

Correspondence and requests for materials should be addressed to Kristen Rosano.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

SPRINGER NATURE

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Journal of Perinatology (2024) 44:1658 - 1662


https://doi.org/10.1038/s41372-024-01996-2
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Predicting iatrogenic adrenal insufficiency in neonates exposed to prolonged steroid courses: do cortisol levels�help?
	Background
	Methods
	Results
	Discussion
	References
	Author contributions
	Funding
	Competing interests
	ACKNOWLEDGMENTS
	Ethical approval
	ADDITIONAL INFORMATION




