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Circulating Adrenocorticotropic Hormone (ACTH) and Cortisol Concentrations
in Normal, Appropriate-for-Gestational-Age Newborns Versus Those With

Sepsis and Respiratory Distress: Cortisol Response to Low-Dose and
Standard-Dose ACTH Tests

Ashraf T. Soliman, Khaled H. Taman, Mohamed M. Rizk, Ibrahim S. Nasr, Hala AlRimawy,
and Mohamed S.M. Hamido

n this crossover study, we compared the peak responses of cortisol to low-dose (1 �g/1.73 m2) and standard-dose (250

g/1.73 m2) adrenocorticotropic hormone (ACTH) stimulation tests in 90 full-term newborns (37 to 42 weeks gestational age,

irthweight > 2,500 g, aged 4 to 7 days): 30 with sepsis syndrome, 30 with respiratory distress (RD) and 30 normal infants.

asal cortisol and ACTH were measured in a fasting venous sample. Serum cortisol concentrations were measured 30

inutes after low-dose ACTH and 60 minutes after standard-dose ACTH by radioimmunoassay (RIA). The mean basal

irculating cortisol concentration and peak cortisol responses to low-dose and standard-dose ACTH tests were higher in

tressed infants with sepsis and RD compared to normal. Basal but not ACTH-stimulated cortisol concentrations were

ignificantly higher in newborns with sepsis versus those with RD. Circulating cortisol concentrations after the low-dose

CTH test were correlated significantly with those obtained after the standard-dose ACTH test (r � 0.814, P < .001). Clinical

ubgrouping of septic newborns showed that those with leukopenia (5/10 died) and with meningitis (6/12 died) had

ignificantly lower basal and peak cortisol responses to the low-dose ACTH test (but not the standard-dose ACTH test) versus

hose with leukocytosis (3/20 died) and without meningitis (2/18 died), respectively. In addition, septic newborns who died

ad significantly lower circulating cortisol concentrations and lower cortisol responses to the low-dose ACTH test (but not the

tandard-dose test) versus those who survived the stress. On an individual basis, only 2 septic newborns (both died) had low

asal cortisol levels (<5 �g/dL) and cortisol responses less than 15 �g/dL after the low-dose ACTH test. Four more septic

ewborns had basal cortisol above 5 �g/dl but cortisol responses below 20 �g/dL after the low-dose ACTH test. These 4

ewborns (4/30) with inadequate adrenocortical response to low-dose ACTH during sepsis had high mortality (3/4 died) and

epresented a subgroup of septic newborns that should be diagnosed, using a low-dose ACTH test, and treated early. These

ata suggest that the low-dose ACTH test may be more disciminatory than the standard-dose test among babies under stress.

ncreasing the cut-point level of basal cortisol in stressed infants to the lowest level of cortisol response to low-dose ACTH

n normal newborns, followed by the use of a low-dose ACTH test, appears to select some newborns who need and may

mprove on corticosteroid therapy. Further studies are required to investigate whether supplementation with stress doses of

ydrocortisone may improve the outcome in these patients.
2004 Elsevier Inc. All rights reserved.
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OME NEONATES admitted to the neonatal intensive care
unit show circulatory and respiratory problems that im-

rove after administration of corticosteroids. It is unclear
hether these symptoms could be caused or affected by adrenal

nsufficiency.1-5 Infants with signs of adrenal insufficiency
ave been reported to have cortisol levels, measured in random
lood samples, that are inappropriately low for their severity of
llness.1-5 When treated with stress doses of hydrocortisone,
heir signs of cortisol deficiency resolved within 2 days of
eginning treatment. Watterberg and Scott have found a cor-
elation between a blunted response to adrenocorticotropic hor-
one (ACTH) stimulation in some very-low-birthweight in-

ants and their subsequent development of bronchopulmonary
ysplasia, a well-known sequela of very premature birth.5

Data on cortisol secretion by newborns during different types
f stress, eg, sepsis and respiratory distress (RD), are still
nsufficient and their cortisol responses to different doses of
CTH are not standardized.6-9 Recently, it was suggested that
sing a supraphysiological dose of exogenous ACTH (250 �g)
ay cause false-positive responses due to maximal stimulation

f the adrenal cortex, and the test should be done by using
ower doses of ACTH. The low-dose ACTH test could possibly
iagnose early/mild cases of adrenal suppression in both infants
nd adults.10-19 Three important questions should be answered
n the newborns under stressful illness: (1) Is there corticotroph
ell hypofunction in some stressed newborns? (2) Is there any

ifference in cortisol response to different stressful conditions,

etabolism, Vol 53, No 2 (February), 2004: pp 209-214
g, RD versus sepsis and sepsis without versus with menengi-
is? (3) Can the low-dose ACTH test diagnose early/mild cases
f adrenal insufficiency that can not be detected with the
igh-dose (unphysiologic) ACTH test in newborns? In this
tudy, our aim was to find the answers to these questions. We
erformed a prospective comparative study assessing morning
erum cortisol and ACTH and measured the serum cortisol
esponses to the 1-�g and 250-�g ACTH tests within the fourth
o seventh days of life in full-term infants with and without
tress.

MATERIALS AND METHODS

This study included 90 full-term newborn infants (gestational age 36
o 42 weeks, birthweight � 2,500 g) between the fourth and seventh
ay after birth, randomly selected from newborns born in Alexandria
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210 SOLIMAN ET AL
niversity Maternity Hospital, El Chatby, Alexandria, Egypt. These
ewborns were divided into 3 groups.
Group I consisted of 30 infants with sepsis syndrome according to

he septic risk score system.20 They were admitted to the neonatal
pecial care unit (with all facilities of intensive care short of mechanical
entillation), Alexandria University Children’s Hospital. Eighteen had
history of chorioamnionitis. All infants underwent sepsis screening

nd were started on broad-spectrum antibiotics. Cultures from blood
nd/or urine and/or cerebrospinal fluid were positive. Twelve of 30 had
eningitis. Blood cultures were positive in 70% (21/30), with Kleb-

iella (14/21), Escherichia coli (4/21), and Haemophilus influenza
3/21) isolated. All had increased serial C-reactive protein concentra-
ions (normal � 12.0 mg/L). Exclusion criteria included maternal
iabetes, small for gestational age, and prepartum or intrapartum cor-
icosteroid therapy in mothers. Their weights ranged from 2,550 to
,100 g. Gestational age ranged between 36 and 41 weeks. All septic
ewborns who required intubation and mechanical ventillation were
xcluded because we decided to study the effect of sepsis and eliminate
he potentially confounding other factors that might affect cortisol
ecretion.

Group II included 30 newborn infants with RD secondary to a
ulmonary disease, according to the retraction scoring of Silverman.21

hey had the diagnoses of meconium aspiration (18/30), transient
achypnea of the newborn (TTN) (7/30), and neonatal pneumonia
5/30). Infants with RD due to nonpulmonary causes were excluded
rom the study. None of the infants had received postnatal glucocorti-
oid treatment, or treated with dexamethasone antenatally. Their
eights ranged from 2,750 to 3,900 g and gestational age was between
7 and 42 weeks. All newborns with RD that required intubation and/or
echanical ventillation were excluded because we wanted to eliminate

ther factors that might affect cortisol secretion.
Group III consisted of 30 normal healthy infants, born to healthy

onstressed mothers by spontaneous vaginal delivery. They were stud-
ed during routine investigations for physiologic jaundice (unconju-
ated hyperbilirubinemia). Their weights ranged from 2,850 to 3,750 g,
nd gestational age ranged between 38 and 41 weeks. Their indirect
ilirubin ranged between 7.5 and 14.8 mg/dL. None required exchange
ransfusion.

Infants were studied at 4 to 7 days of age to allow placental and
aternal hormones to be metabolized. Venous blood samples were

ollected between 7 and 9 AM to standardize the environmental stimuli
f the infants. A fasting venous sample was withdrawn for determina-
ion of circulating cortisol and ACTH. In the low-dose ACTH test, the
ubjects were given 1 �g/1.73 m2 synthetic ACTH (Synacthen; Ciba-
eigy, Stein, Switzerland) as an intravenous bolus. On the next day

after 24 hours to allow adequate time for serum cortisol to return back
o basal after the first stimulation and to fit with the routine blood
ollection time in the nursery), a standard-dose ACTH test (250 �g/
.73 m2) was performed. Blood was collected 30 minutes after the
ow-dose ACTH test and 60 minutes after the high-dose ACTH test,
ecause peak cortisol response to provocation occurs 30 minutes after

22

Table 1. ACTH and Cortisol Secretio

ACTH (ng/mL)
Basal Cortiso

(�g/dL)

Normal (n � 30) 50.2 � 6.9 14.8 � 1.9
Sepsis (n � 30) 30.8 � 4.4* 44.8 � 12.2*
RD (n � 30) 51.4 � 8.5 35 � 7.1*

Abbreviations: LD, low-dose; SD, standard-dose.
*P � .05, sepsis and RD groups v normal.
†P � .05, RD v sepsis.
low-dose ACTH test and 60 minutes after a standard dose test. r
erum cortisol concentrations were measured by radioimmunoassay
RIA). ACTH dose preparations were performed using serial dilutions
f ACTH in 0.9% NaCl.

thical Approval

The study was approved by the Research Ethics Committee of the
niversity of Ain Shams, Cairo, Egypt. Informed parental consent was
btained for each newborn before commencement of the test.

tatistical Analysis

The descriptive statistics for the demographic data were expressed as
he mean and SD. Kruskal-Wallis analysis of variance (ANOVA) was
erformed for multiple comparison. This test was followed by the
ann-Whitney U test to compare the 2 groups. The data are expressed

s mean � SD. P values less than .05 were considered statistically
ignificant. Wilcoxon’s rank sum test and Fisher’s exact test were used
or comparison of continuous variables and proportions where appro-
riate. Correlations were determined by linear regression analysis.

CTH and Cortisol Assays

The plasma ACTH concentration was measured by double-antibody
IA (Nichols Institute Diagnostics, San Juan Capistrano, CA), and

erum cortisol was determined by solid-phase RIA (Diagnostic Prod-
cts Corp, Los Angeles, CA). The interassay coefficients of variation of
he ACTH assay were 4.4% and 3.7% at 10.1 and 79.3 pmol/L,
espectively; those of the cortisol assay were 8.1%, 4.4%, and 4.0% at
59, 461, and 1,260 nmol/L, respectively. Plasma ACTH concentration
n picomoles per liter can be converted to picograms per milliliter by
ultiplying by a factor of 4.5; likewise, the conversion of serum

ortisol concentration from nanomoles per liter to micrograms per
eciliter can be achieved by dividing by 27.6.

RESULTS

Mean baseline ACTH levels were significantly lower in
nfants with sepsis (mean [SD]) (30.8 [4.4] pg/mL) versus
ormal newborns (50.24 [6.9] pg/mL) and those with RD (51.4
8.5] pg/mL). The mean basal circulating cortisol concentration
as significantly increased in stressed infants with sepsis

44.77 [12.2] �g/dL) and RD (35 [7.1] �g/dL) versus normal
nfants (14.84 [1.87] �g/dL). This denoted adequate basal
ortisol secretion in stressed newborns (Table 1 and Fig 1).
one of the newborns had blood glucose � 45 mg/dL in the

ollected samples.
Peak cortisol responses to low-dose and standard-dose

CTH tests were higher in stressed infants with sepsis (86.3
13.3] �g/dL and 142.8 [17.75] �g/dL, respectively) and RD
78.6 [9.8] �g/dL and 130.6 [18.4] �g/dL, respectively) com-
ared to normal infants (38.1 [5] �g/dL and 84 [6.9] �g/dL,

ewborns With and Without Stress

Cortisol After LD ACTH
(�g/dL)

Cortisol After SD ACTH
(�g/dL)

38.1 � 5 84 � 6.9
86.3 � 13.3* 142.8 � 17.7*
78.6 � 9.8* 130.6 � 18.4*
n in N

l

†

espectively) (Table 1 and Fig 1). The percentage increments of
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211ACTH AND CORTISOL IN NEWBORNS
erum cortisol, above baseline values, in response to the stan-
ard-dose ACTH test were significantly lower in infants with
epsis (319%) and those with RD (373%) versus normal infants
633%). The percentage of difference between peak values
fter low-dose and high-dose ACTH was significantly lower in
nfants with sepsis (126%) and RD (149%) versus those for
ormal infants (377%) (Fig 2). Mean peak cortisol levels at-
ained on the 1-�g tests were significantly lower than those
ttained on 250-�g tests (P � .001).

Two of the normal newborns had subnormal basal cortisol
evel (�5 �g/dL) and one (3.3%) had subnormal cortisol re-
ponse (�20 �g/dL) to the low-dose ACTH test. Two new-
orns with sepsis had low basal cortisol levels (�5 �g/dL) and
ow cortisol responses to the low-dose ACTH test (�15 �g/
L). All newborns with RD had basal cortisol levels greater
han 5 �g/dL.

A basal cortisol level above 5 �g/dL and below 15 �g/dL
as found in 11 of 30 septic newborns. Four of them also had

ow responses to low-dose ACTH (�20 �g/dL). Twelve of 30
f newborns with RD had basal cortisol levels greater than 5 �g
nd less than 15 �g. All of them had cortisol responses greater
han 20 �g/dL to the low-dose ACTH test. All newborns with
epsis and RD with basal cortisol greater than 5 and less than

Fig 1. Mean values of basal

nd stimulated cortisol re-

ponses to low-dose (LD) and

tandard-dose (SD) ACTH tests.
5 �g/dL had peak cortisol levels above 20 �g/dL after the
igh-dose ACTH test.
Septic newborns with leukocytosis (total leukocyte count �

,000) had higher basal and stimulated cortisol levels compared
o those with leukopenia. Those with meningitis had signifi-
antly lower basal and stimulated cortisol concentrations versus
hose without meningitis. Septic newborns who died had sig-
ificantly lower stimulated cortisol levels versus those who
urvived (Table 2).

A highly significant correlation was found between peak
erum cortisol levels after low- and standard-dose ACTH tests
r � 0.812, P � .0001, N � 90) and between these peaks on the
ne hand and basal cortisol levels on the other hand (r � 0.854
nd r � 0.62, P � .001, respectively). Basal circulating ACTH
oncentrations were correlated significantly with basal cortisol
evels (r � �0.387, P � .001).

DISCUSSION

Basal circulating cortisol concentrations increased signifi-
antly in our stressed newborns with sepsis (3-fold rise) and
D (2.3-fold rise) compared to normal newborns. However,
ny form of adrenal insufficiency, even if relatively mild,

Fig 2. Percent increments of

cortisol concentrations after

low-dose (LD) and standard-

dose (SD) ACTH tests and per-

cent difference of responses be-

tween LD and SD ACTH in

normal newborns and those
with sepsis and RD.
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212 SOLIMAN ET AL
ould certainly render the hypoxic and/or septic neonate sus-
eptible to significant morbidity and mortality.23-33

s There Corticotroph Cell Hypofunction in Some Stressed
ewborns?

Although the criteria for the adequacy of cortisol levels in
ystemic inflammatory states is still hard to define in a rational
ashion, especially in newborns, this appears to be true. Our
ata based on clinical subgrouping of septic newborns showed
hat septic newborns with leukopenia (5/10 died) and those
ith meningitis (6/12 died) had significantly lower basal and
eak cortisol responses to low-dose ACTH tests versus those
ith leukocytosis (3/20 died) and without meningitis (2/18
ied), respectively. On an individual basis, 4 septic newborns
3 of them died) with basal cortisol � 5 �g/dL and below 15
g/dL had low responses to the low-dose ACTH test (�20
g/dL). These 4 newbornsn (4/30) with inadequate adrenocor-

ical response to the stress of sepsis and high mortality (3/4
ied) represented a subgroup of septic newborns with inade-
uate cortisol that should be diagnosed and treated early.

s There any Difference in Cortisol Response to Different
tressful Conditions?

Cortisol secretion differs significantly in subgroups of
tressed newborns who differ in some clinical parameters (me-
engitis and leukopenia) and those who had poor prognosis. In
ddition, septic newborns who died had significantly lower
irculating cortisol concentrations and lower cortisol responses
o ACTH versus those who survived the stress (Table 2).
imilarly, Melby and Spink demonstrated that accelerated ad-
enal secretory activity existed in adult patients with severe
nfections who survived sepsis.34 Moreover, basal cortisol con-
entrations were significantly higher in newborns with sepsis
ersus those with hypoxic stress. Increasing the cut-point level
f basal cortisol to greater than 5 �g/dL (eg, to 15 �g/dL)
ppears to increase the sensitivity of this test to detect mild
orms of inadequate adrenocotical function during stress and
hose with higher morbidity and mortality.6,35,36

an the Low-Dose ACTH Test Diagnose Mild/Early Cases of
drenal Impairment During Stressful Conditions?

Although peak cortisol responses to both the low-dose and
tandard-dose ACTH tests were highly correlated (r � 0.814,

� .001), the standard-dose ACTH test appeared to be less
iscriminative versus the low-dose test in testing adrenal func-

Table 2. Prognosis and Cortisol Sec

Mortality Basal Cor

TLC � 5,000 (n � 20) 25.00 49.8 � 1
TLC � 5,000 (n � 10) 50.00 38.2 � 9
Without menengitis (n � 18) 11.11 51.7 � 1
With menengitis (n � 12) 50.00 37.3 � 1
Survived (n � 22) 46.3 � 1
Died (n � 8) 42.8 � 1

Abbreviations: LD, low-dose; SD, standard-dose; TLC, total leukocy
*P � .01.
ion in those newborns. In this study the following evidences o
upported this. (1) The cortisol response to the standard-dose
CTH test was greater than 20 �g/dL in all newborns with

epsis and RD, including those with basal cortisol levels less
han 5 �g/dL as well as those with basal cortisol levels greater
han 5 �g/dL. In contrast, 4 septic newborns, with basal cortisol
reater than 5 and less than 15 �g/dL, had low responses to the
ow-dose ACTH test less than 20 �g/dL. Three of them died,
nd the fourth responded well to antibiotic therapy (14 days)
nd stress-dose of hydrocrtisone (7 days). These 4 septic new-
orns had an improper adrenocortical response to stress that
as masked by the high pharmacological dose of ACTH in the

tandard test. Early selection of these newborns and initiating
dequate replacement with stress-doses of corticosteroid might
e beneficial in the course of treatment. (2) In addition, cortisol
esponse to low-dose ACTH, but not to the standard-dose
CTH test, was significantly lower in those septic newborns
ith leukopenia and/or menengitis and those with fatal out-

ome versus those without leukopenia, meningitis, or those
ho survived the stress of sepsis. (3) In this study, a basal

ortisol concentration less than 5 �g/dL was found in 2 septic
ewborns with fatal outcome (both had low cortisol response
fter � 15 �g/mL) after a low-dose ACTH test, but normal
ortisol response (�20 �g/mL) after a standard-dose test.

All of these data suggested that the low-dose test might be
ore discriminatory than the standard-dose test among babies

nder stress. In agreement with our findings, some investigators
uggested that defective adrenals may still respond to a phar-
acological dose of 250 �g and suggested that using a supra-

hysiological dose of exogenous ACTH (250 �g) may cause
alse-positive responses due to maximal stimulation of the
drenal cortex, and the test of choice should be low-dose
CTH.10-19,37

In this study stimulated cortisol levels did not differ in
ewborns with sepsis versus those with RD. Their basal cortisol
evels were comparable to stimulated levels (after the low-dose
CTH test) for normal newborns. These findings imply that a

air comparison between normal and stressed infants should be
erformed between basal circulating levels of cortisol in
tressed infants (stimulated by the ongoing stress) versus cor-
isol levels after low-dose ACTH stimulation for the normal
nonstressed) newborns, ie, comparing stimulated cortisol lev-
ls (the disease stress in the former group and the low-dose
CTH in the normal newborn group). Comparing basal levels

or stressed newborns with stimulated levels in normal new-
orns (all had cortisol responses � 15 �g/dL) revealed that 11

in Subgroups of Septic Newborns

Cortisol After LD ACTH Cortisol After SD ACTH

94.4 � 16.5 145.9 � 19.5
72.4 � 11.4* 141.7 � 16.3
99.9 � 15.7 141.5 � 15.4
76.5 � 12.2* 145.2 � 18.7
98.5 � 13.5 147.8 � 21.2
56.3 � 10.2* 139.5 � 15.7

unt.
retion

tisol

4.2
.5*
2.2
1.9*
3.2
1.4

te co
f 30 patients with sepsis had basal cortisol levels greater than
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213ACTH AND CORTISOL IN NEWBORNS
and less than 15 �g/dL (4 of the 11 newborns had low
esponses to low-dose ACTH) and 3 of them died. In addition,
he finding of significantly lower basal and peak cortisol re-
ponses to the low-dose ACTH test in septic newborns with
eukopenia and/or meningitis versus those with leukocytosis
nd those without meningitis suggested that the former groups
re at high risk for impaired cortisol secretion. The presence of
ignificantly lower circulating cortisol concentrations and
ower cortisol responses to ACTH in those with fatal outcome
ersus those who survived the stress (Table 2) suggested that
he low-dose ACTH test might be more sensitive in predicting
ortality in these high-risk newborns.
Collectively, increasing the cut-point level for normal basal

ortisol in stressed infants, to � 15 �g/dL (the lowest level of
ortisol response to low-dose ACTH in normal newborns),
ignificantly increased the number of newborns who needed
urther testing using the low-dose ACTH test. Those septic
ewborns with impaired response to low-dose ACTH (�20
g/dL) had significantly higher morbidity and mortality rates.
ddition of corticosteroid therapy (stress-dose) may prove use-

ul in these septic infants and may improve outcome.6 How-
ver, this concept should be investigated carefully in a prospec-
ive double-blind study.

We found no significant increase in basal ACTH between
ormal newborns and those with sepsis or RD despite their
ncreased cortisol levels in response to exogenous ACTH. It

as previously suggested that infants with the systemic inflam- r
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