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Abstract. Introduction: Hyperinsulinemic Hypoglycaemia (HH) is the most common cause of recurrent and
persistent hypoglycemia in the neonatal period. Cortisol and GH play an important role as a counterregula-
tory hormone during hypoglycemia. Both antagonize the peripheral effects of insulin and directly influence
glucose metabolism Patients and Methods: We studied cortisol and GH secretion in newborn infants with HH
during spontaneous hypoglycemia. In addition, their basal ACTH level was measured and cortisol response
to a standard dose ACTH test was performed. Results: Nine newborns with HH were studied during the first
2 weeks of life. During HH, their mean glucose concentration was 1.42 * 0.7 mmol/L, mean beta hydroxy-
butyrate level was 0.08 * 0.04 mmol/L, and mean serum insulin level was 17.78 + 9.7 uU/mL. Their cortisol
and GH levels at the time of spontaneous hypoglycemia were 94.7 + 83.1 nmol/L and 82.4 + 29 m IU/L
respectively. They had relatively low level of ACTH (range: 14 :72 pg/ml, mean: 39.4 * 20 pg/mL) during
hypoglycemia. All infants had GH concentration > 20 mIU/L at the time of hypoglycemia. All infants under-
went ACTH test. Their basal serum cortisol levels did not differ compared to cortisol levels during hypogly-
cemia, and all had a normal peak cortisol response (> 500 nmol/L) in response to i.v. ACTH stimulation test.
Conclusion: Infants with HH have low cortisol response to spontaneous hypoglycemia with normal response
to exogenous standard-dose ACTH. Checking hypothalamic-pituitary axis (HPA) axis later in infancy using
low dose ACTH may be useful to diagnose persistent HPA abnormalities in these infants. All HH infants
had appropriate elevation of GH during hypoglycemia. (www.actabiomedica.it)
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Introduction

Hyperinsulinemic Hypoglycemia (HH) is the
most common cause of recurrent and persistent hypo-
glycemia in the neonatal period (1). The aetiology may
be multifactorial, including developmental immaturity
of the gluconeogenic and ketogenic pathways, poor

mobilisation of hepatic glycogen stores, and transient
hyperinsulinism. Less common

pathological causes include persistent hyperinsu-
linism, hypopituitarism, adrenal disorders, and fatty
acid oxidation defects (2-4). Infants from diabetic
mothers (IDMs), including diabetes type 1 and 2 and
gestational diabetes, represent the group with the
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highest risk of developing symptomatic hypoglycemia.
The overall risk of hypoglycemia episodes in IDMs is
from 25 to 40% (5). Glucose levels fall to a low point
in the first 1-2 h of life and then increased and stabi-
lize gradually. Hypoglycemia may continue for 24-72
h until insulin secretion returns to normal. This met-
abolic risk is believed to be due to the relative fetal
hyperinsulinism, manifested as a feedback mechanism
for the balance of the high glucose levels induced by
the maternal diabetes, and is particularly severe in
those cases of poorly controlled maternal pre-existent
diabetes with high levels of HbA1lc (1,6).

The counterregulatory hormones, such as GH,
cortisol, epinephrine, norepinephrine, and glucagon,
play an essential role in the maintenance of normal
blood glucose concentration. GH and cortisol have
numerous effects on glucose metabolism, including
increasing the rate of gluconeogenesis and antagoniz-
ing the effects of insulin. Epinephrine, norepineph-
rine, and glucagon, form a primary defence against
hypoglycemia. It has also been shown that children
with HH fail to generate an adequate serum cortisol
(7) and display blunted serum glucagon release with
normal epinephrine and norepinephrine responses (8).
Moreover, as hypoglycemia is a potent stimulus for the
release of serum growth hormone (GH), we would ex-
pect an increase of GH in response to spontaneous and
insulin induced hypoglycemia. Nevertheless, contrast-
ing results have been reported in the literature (7-11).

The aim of study attempted to assess the cortisol
and GH levels during spontaneous hypoglycemia in
infants with hyperinsulinemic hypoglycemia and the
cortisol response to exogenous ACTH stimulation.

Patients and Methods

Nine infants born to diabetic mothers (IDM’s)
with hyper insulinemic hypoglycemia (HH) during
their neonatal period were studied during the first 2
weeks of life. Male/Female ratio (5/4), gestation was
estimated at 35.3 + 2.7 weeks. Five were delivered
vaginally and the other 4 by lower-segment, caesarean
section. Birth weight was between 2 and 3.9 kg, mean:
2.76 + 0.67 kg. Placental weight was increased (mean:
784.7 + 151.7 grams (range: 610- 884 grams; the nor-

mal placental weight in full-term babies is: 678 + 130
grams) (12).

Seven out of the 9 infants were born to diabet-
ic mothers (all of them had gestational Diabetes), 4
mothers were on dietary control, two were on metfor-
min and one was on insulin therapy. The mean mater-
nal HbA1C was 5.4 + 0.4 % at the last trimester.

Neonates with a diagnosis of cortisol deficiency
or insufficiency, and those receiving hydrocortisone or
diazoxide therapy, or with evidence of a midline ana-
tomical lesion, and history of perinatal asphyxia were
excluded from the study.

Measurement of circulating concentrations of
insulin, cortisol, and growth hormone (GH) during
hypoglycemia (confirmed by measuring serum glu-
cose concentration) was estimated. On another day,
each infant had a standard dose of ACTH stimulation
test [Cosyntropin® 62.5 pg intravenously (i.v.)]. Basal
plasma ACTH level and cortisol levels at 0, 30 and 60
minutes, after stimulation test, were assessed.

The plasma glucose concentration was measured
using photometric hexokinase method. Serum GH
and cortisol concentrations were measured using an
immunoradiometric assay (Tandem-R HGH, Hybri-
tech, Leige, Belgium).

Data analysis

Differences between variables were analysed with
t test for normally distributed variables and with the
Mann-Whitney test in case of non-normality. Spear-
man rank correlations were used to explore relations
between variables. Data are expressed as mean, stan-
dard deviation (SD) and standard error (SE). Statisti-

cal significance was accepted at p value < 0.05.

Results

During spontaneous hyperinsulinemic hypogly-
cemia, their mean glucose concentration was 1.42 *
0.7 mmol/L. The concomitant mean beta hydroxybu-
tyrate level was 0.08 + 0.04 mmol/L, and serum insulin

level was 17.7+ 9.7 pU/mL. Their basal ACTH levels
were inappropriately low at the time of hypoglycemia
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(mean: 39.4 + 20 pg/ml, range: 14 - 72 pg/ml). Corti-
sol and GH levels at the time of spontaneous hypogly-
cemia were 94.7 + 83.1 nmol/L and 82.4 + 29 mIU/L,
respectively (Table 1).

None of these infants had cortisol response to hy-
poglycemia >302 nmol/L (mean: 94.1+ 83.1 nmol/L,
range; 37-302 nmol/L), but a marked normal corti-
sol response (cortisol > 500 nmol/L) was present after
ACTH stimulation test (Figure 1).

Moreover, serum cortisol level during spontane-
ous hypoglycemia correlated with the cortisol peak af-
ter ACTH stimulation test (r =0.5, p= 0.011) (Figure

Table 1. Anthropometric and lab data of infants with hyperin-
sulinemic hypoglycemia.

Anthropometric and lab data Mean = SD
Gestational age (weeks) 35.3+2.75
Weight SDS (kg) -0.8+ 1.3
Length SDS (cm) -0.28+ 0.95
Blood glucose level (mmol/L) 1.42+ 0.7
Insulin level (pU/mL) 17.78 +9.7
Blood ketone level (mmol/L) 0.08 + 0.04
Cortisol during hypoglycemia (nmol/L) 94.7+ 83.1
Basal blood glucose before ACTH test (mmol/L) 2.7+ 0.3
Basal ACTH (pg/mL) 489 + 36.4
Basal cortisol (nmol/L) 107.8 + 106.7
Cortisol at 30 min. (nmol/L) 465.9 + 176.4
Cortisol at 60 min. (nmol/L) 767+ 221.8
Growth Hormone (mIU/L) 82.4+ 29
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Figure 1. Correlation between cortisol level during hypogly-
cemia and the peak after ACTH stimulation test (r = 0.50, p
=0.011)

2), but did not correlate with blood glucose level dur-
ing hypoglycemia (r = 0.06, p = 0.8). GH level was cor-
related with blood glucose level during hypoglycemia
(r=10.45, p = 0.018) (Figure 3).

Discussion

Cortisol and GH play an important role as a
counterregulatory hormone during hypoglycemia.
Both antagonize the peripheral effects of insulin and
directly influences glucose metabolism (13).

At birth, mixed cord blood cortisol concentra-
tions are relatively high (880 nmol/L); this reflects the
maternal transfer of steroids and the stress of deliv-
ery. By 24 h of age, cortisol concentrations fall rapidly
to about 270 nmol/L, and by day 3 of life the normal
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Figure 2. Cortisol secretion in response to spontaneous hy-
poglycemia versus values at 30 and 60 minutes after ACTH
stimulation test (mean * standard error)

SG
mmol/l

© B N W » U O
/
7

o 5 10 15 20 25 30 35 40 45
GH ng/dl

Figure 3. Correlation between SG (serum glucose) and growth
hormone (GH) during hypoglycemia (r = 0.45, p = 0.018).
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cortisol values range between 46.9 and 385.4 nmol/L
(14-16).

The concentration of blood glucose that stimu-
lates in adults the release of cortisol is thought to be ~
3.5 mmol/L (17). Although cortisol is released at the
glycemic threshold level, the physiological effects of
cortisol on glucose metabolism generally take several
hours to become manifest (9). In neonates, as in adults,
a serum cortisol response to the stressful stimulus of
hypoglycemia is defined as adequate if serum cortisol
concentrations rise above 500 nmol/L at the time of
hypoglycemia. However, data on neonates with hy-
perinsulinemia suggested that they may generate poor
serum cortisol responses to HI (7).

Our infants, during the episodes of hypoglycemia,
had a relatively low levels of ACTH (mean: 39.4 + 20
pg/mL; range: 14-72 pg/mL) and a cortisol response
considerably lower than that observed after ACTH
(Cosyntropin®) stimulation test, suggesting a defec-
tive/ immature drive from the hypothalamic-pituitary
(HPA) axis at the time of hypoglycemia.

It has been shown that intra-hypothalamic hy-
perinsulinism in newborn rats causes malformations
and morphological alterations in hypothalamic nuclei,
especially ventromedial (VMN) and lateral hypotha-
lamic area (LHA) nuclei, which are thought to play an
important role as glucosensors (18).

Several other studies have measured cortisol re-
sponses to stress in young infants. These investigations,
while diverse in their findings, on average suggest that
infants exposed to higher levels of prenatal stress may
present with greater HPA axis hypoactivity and a de-
creased infant cortisol reactivity (19-21). Moreover,
newborns born to diabetic mothers have an increased
oxidative stress and DNA damage compared to those
born to mothers with euglycemia (21). Therefore, their
perinatal stress may explain their HPA axis hypoactivity.

A previous report supported our observations.
Hussein et al. (7) studied serum cortisol concentra-
tions in 7 IDM neonates at 10, 20, 30, 40, and 50 min.
at the time of hypoglycemia. Their serum cortisol levels
were 213 + 44,223 + 48,209 + 49, 228 + 46, and 252
+ 30 nmol/L, respectively. None of their infants had
level equal or > 520 nmol/L. In six neonates, who had
plasma ACTH levels inappropriately low at the time
of hypoglycemia (mean plasma ACTH concentration:

13.2 pg/mL), the cortisol response was assessed after
an 62.5 pg i.v. bolus injection of Synacthen®. Serum
cortisol concentrations at 0, 10, 20, 30, 40, and 50
minutes were 208 + 39; 219 + 46, 378 + 139; 664 +
57;905 + 121; 1048 + 247, and 1192 + 105 nmol/L,
respectively (5).

It has been also postulated that specialized glu-
cose-sensing neurons in the ventromedial hypothala-
mus (VMH) are able to detect falling blood glucose
and trigger the release of counterregulatory hormones
during hypoglycemia. The molecular mechanisms
used by glucose-sensing neurons are uncertain but
may involve cell surface ATP-sensitive K(+) channels
(K(ATP) channels) analogous to those of the pancreat-
ic beta-cell. Data reported by Evans et al. (23) suggest
that closing of K (ATP) channels in the VMH (much
like the beta-cell) impairs defense mechanisms against
glucose deprivation and therefore could contribute to
defects in glucose counter regulation. As KATP plays
a key role as the glucose sensor in VMN and LHA,
further studies are needed to determine whether pa-
tients with defects in pancreatic KATP channels have
impaired counterregulatory hormonal responses.

The finding of good cortisol response to an i.v.
bolus injection of ACTH proves a normal adrenal
cortical secretion. However, the dose used for the
test (62.5 ug) was extremely higher compared to the
physiological ACTH release during stress. It has been
shown that in adults the peak plasma ACTH level,
after insulin-induced hypoglycemia, was significantly
lower than that induced after the injection of 1.0 pg of
ACTH given i.v. (low dose ACTH test) (69.6 + 9.3 vs.
120.2 + 15.5 pmol/L; p= < 0.0002) (24).

However, in children the cortisol response to
spontaneous hypoglycemia is highly age dependent.
Young normal infants may present a poor cortisol re-
sponse (immature axis) compared with older infants
and children (mature axis) (24). Crofton et al. (25 ) re-
ported that in 21 hypoglycemic infants (<3 months of
age) the median cortisol level was 205 nmol/L (range:
50-584 nmol/L). Only half the infants had corti-
sol concentrations greater than 200 nmol/L during
hypoglycemia and five had levels below 100 nmol/l.
These levels in infants < 3 months of age were mark-
edly lower than those observed in 15 older (age >6
months) hypoglycemic infants (median: 1370 nmol/L,
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range:142-3190 nmol/L).

The negative effects of HH on the HPA axis may
be prolonged. It has been shown that gestational dia-
betes (GDM) exposed children had reduced cortical
excitability and a reduced salivary cortisol when com-
pared with control children. In addition, recent data
have reported a lower morning cortisol secretion in ad-
olescents born to women with GDM (26-28). There-
fore, it appears that checking HPA axis later in infancy
using low dose ACTH may be useful to diagnose HPA
abnormalities in these infants.

In our study six out of nine newborns had normal/
elevated GH levels at time of HH (GH: 82.4 + 29
mU/L, range: 36.6-118 m U/L). For pediatric popu-
lation, the cut-off for defining an appropriate GH re-
sponse to the insulin induced hypoglycemia test is 15
mU/L. Consensus guidelines for the diagnosis of GH
deficiency in neonates suggests a cut-off of twice that
in the older pediatric population (20-30 mU/L) (29).

In support of our data, Kelly et al. (30) report-
ed that most of IDM had GH levels greater than 30
mU/L during hypoglycemia. The two infants who had
lower GH levels of 6.6 mU/L and 17.3 mU/L, during
hypoglycemia, achieved levels of 28.4 mU/L and 34.1
mU/L on other occasions.

In order to prevent long-term neurological lesions,
a glucose treatment should be immediately initiated
for all neonates who show symptoms of hypoglycemia.
Although evidences for the use of corticosteroid in the
management of HH is limited.

Hydrocortisone can also be used as an adjuvant in
very severe and resistant cases. Physiologically glucocor-
ticoids reduce insulin secretion and increase insulin re-
sistance as well as enhancing both gluconeogenesis and
glycogenolysis. In theory these effects should induce an
increase in serum glucose concentrations (31,32).

However, due to the potential side effects of glu-
cocorticoid administration, its use has been restricted
to a short course (1 to 2 days), unless a patient has
documented adrenal insufliciency (33,34).

Common side effects associated with glucocor-
ticoid therapy include growth suppression, feed in-
tolerance, and hypertension. Preterm, very-low-birth
weight infants treated with hydrocortisone have an
increased risk of spontaneous perforation of the gas-
trointestinal tract (35,36).

More debates concern the newborn with asymp-
tomatic hypoglycemia. In these cases, the most impor-
tant is the initiation of enteral feeding immediately
after birth, during the first hour of life, breastfeeding
or with assistance (33).

In conclusion, our infants with HH had low
cortisol response to spontaneous hypoglycemia with
normal response to exogenous standard -dose ACTH
suggesting defective central HPA response to hypo-
glycemia. Checking HPA axis later in infancy using
low dose ACTH may be useful to diagnose HPA ab-
normalities. All HH infants had appropriate elevation
of GH during hypoglycemia.
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