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ABSTRACT
There is limited data on adrenal function in the early days after birth in extremely premature infants. The relationship between plasma adrenocorticotrophic (ACTH) and cortisol hormone is central to the integrity of the hypothalamic-pituitary-adrenal (HPA) axis yet there are no studies examining this relationship in prematurity. The aim of this study is to examine the relationship between early morning plasma cortisol and ACTH concentrations during the first 5 days after birth in infants born at less than 28 weeks' gestation and to identify any independent factors that determine plasma cortisol levels in these infants during extreme prematurity. 
We prospectively studied early morning plasma ACTH and cortisol concentrations in infants born below 28 weeks' gestation during the first 5 days of birth. Plasma cortisol was measured without extraction, using DPC Immulite2000 using a solid phase 2 site chemiluminescent immunometric assay. ACTH was measured using a radioimmunoassay. Spearman’s correlation was used to examine the relationship between cortisol and ACTH. Multiple regression analysis was used to examine the relationship between  plasma cortisol and clinical risk index for babies (CRIB) score, antenatal dexamethasone, mode of delivery and gestation. There were 95 infants (53 male) of mean gestation 25.3 ±1.3 SD (range 23-27+6) weeks. Mean birth weight was 809 ±17.0 grams. Mean plasma cortisol was 400.5 ±42.6 nmol/L and mean plasma ACTH was 4.5 ±0.9 pmol/L. Early morning plasma cortisol correlated significantly with gestation (R=0.4, p=0.005) Early morning plasma ACTH did not correlate with early morning plasma cortisol (R= -0.12, p=0.7). Multiple regression analysis showed that gestation was the only independent determinant of early morning plasma cortisol concentration (beta coefficient = -0.4, p=0.04).
The relationship between early morning plasma ACTH and plasma cortisol is either not established or is impaired in infants of less than 28 weeks’ gestation in the first five days after birth. Plasma cortisol level is mainly determined by gestation and is not directly related to illness severity, antenatal steroids or plasma ACTH in these infants in the first 5 days after birth

INTRODUCTION

There are limited data on adrenal function of extremely premature infants during the early days after birth when a diminished and possibly dose-dependent cortisol response to Corticotropin Releasing Factor (CRF) has been reported1. The relationship between plasma adrenocorticotrophic (ACTH) and cortisol hormones is central to the integrity of the hypothalamic-pituitary-adrenal (HPA) axis and essential for normal foetal development. However, there are no studies specifically examining this feedback mechanism in extreme prematurity. The fetal zone of the adrenal gland is known to persist after premature birth, but there remains uncertainty as to how long the adrenal fetal zone corticosteroid production continues and how the HPA axis is regulated.2 
Cortisol is a prominent corticosteroid from the adrenal gland credited with many metabolic functions including haemodynamic stability. The response of cortisol production to ACTH has been demonstrated in term babies previously, however, an inability to mount a response to ACTH has been associated with increased risk of mortality in newborns with sepsis or respiratory distress3. Studies have also found that despite severe illness, the very preterm infants had relatively low basal cortisol concentrations, suggesting that in prematurity, there is a reduced ability to respond adequately to stress during intensive care4. The aim of this study was to examine the relationship between early morning plasma cortisol and ACTH concentrations during the first 5 days after birth in infants born at less than 28 weeks' gestation and to identify any independent factors that determine plasma cortisol levels in these infants. This would help gain a better understanding of the HPA axis in extremely preterm babies and assist in management strategies for common problems of extreme prematurity like respiratory distress, sepsis, hypotension, hyperglycaemia and immune modulation.
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METHODS
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[bookmark: _Toc167258513]We prospectively studied early morning plasma ACTH and early morning plasma cortisol concentrations in infants born below 28 weeks' gestation during the first 5 days of birth. The study was carried out at the Neonatal Intensive Care Unit of Liverpool Women’s Hospital, UK as part of a previously published TIPIT study5,6. The following infants were excluded: infants born to mothers with known thyroid disease or on anti-thyroid medications or amiodarone, and infants with major congenital or chromosomal abnormalities All eligible babies were recruited for consent. None of the infants received any postnatal corticosteroids. 
Plasma cortisol was measured without extraction, using DPC Immulite2000 using a solid phase 2 site chemiluminescent immunometric assay. ACTH was measured using radioimmunoassay. The relationship between cortisol, gestation and ACTH was determined. Clinical risk index for babies (CRIB) II score was measured7, which is a risk-adjustment instrument widely used in neonatal intensive care, was recorded for each infant. Multiple regression analysis was used to examine the relationship between plasma cortisol and (CRIB) score, antenatal dexamethasone, mode of delivery and gestation.  
Data was analysed using statistical software SPSS 21.0. Distributions of continuous variables were checked. P-values were calculated using a Mann Whitney U test or Spearman correlation. Relationship between early morning cortisol and ACTH was examined. Multivariate analyses used to examine relationship between early morning plasma cortisol and clinical risk index for babies (CRIB) score, use of antenatal dexamethasone, mode of delivery [vaginal vs caesarian], birth weight and gestation. Statistical significance was set at p<0.05.
The study was approved by North West Research Ethics Committee (reference number 07/MRE08/37) and by the Medicines for Human Regulatory Agency (MHRA). The parents of each potentially eligible baby were informed of the study's objectives and overall requirements after birth when the baby had achieved respiratory and haemodynamic stability. The Investigator explained the study fully to the patient’s parent(s)/guardian(s) using the Patient Information Leaflet. The parent/guardian was then given at least 12 hours to consider the study. If a parent/guardian was willing for the patient to participate in the study written informed consent was obtained. 

[bookmark: _Toc257186130]RESULTS
There were 95 infants (53 male) of mean gestation 25.3 ±1.3 SD (range 23-27+6) weeks. Mean birth weight was 809 ±17.0 grams. Mean plasma cortisol was 400.5 ±42.6 nmol/L and mean plasma ACTH was 4.5 ±0.9 pmol/L (Table 1) . Early morning plasma cortisol correlated significantly with gestation (R=-0.4, p=0.006) (Figure 1) . Early morning plasma ACTH did not correlate with early morning plasma cortisol (R= -0.12, p=0.7). Cortisol levels of infants were also not affected by the mode of delivery (vaginal delivery or caesarian section, CRIB scores or birth weight of the infants. Multiple regression analysis showed that gestation was the only independent determinant of early morning plasma cortisol concentration (beta coefficient = -0.4, p=0.04) (Table 2). 

DISCUSSION 
Our results show that the relationship between early morning plasma ACTH and plasma cortisol is either not established or is impaired in infants of less than 28 weeks’ gestation in the first five days after birth. This study shows that adrenal cortisol response to ACTH in the first 5 days of life in extremely premature babies is mainly dependent on the gestation and not on the mode of delivery, use of antenatal steroids or their CRIB scores. Preterm babies are born at a time when the organ systems are still developing while extreme preterm infants are often at the cusp of viability. Giannakoulopoulos et al8 reported that the human foetus does not produce de novo synthesis of cortisol until about 30 weeks gestation and that the response to placental CRH may be in a dose-response format. Preterm babies are generally subjected to many stresses, either from the cause of the premature delivery or from procedures after birth. Some researchers have demonstrated that preterm babies have an inability to mount a good response and that this may be reasons behind the haemodynamic compromise such as hypotension which is very common amongst extremely preterm babies in the first few days of life3. Fernandez et al hypothesizes that maternal cortisol crossing the placenta may be responsible for the poor maturation of the HPA axis in extremely preterm baby and that this in turn may be responsible for their inability to respond adequately to stresses.3
A  study by Verma et al9 demonstrated that babies born under 25 weeks have hypotension refractory to volume and therefore required glucocorticoids. This may further reflect the relative adrenal insufficiency known to be present in extremely preterm babies. Despite this, many clinicians do not advise routine use of hydrocortisone for extremely preterm babies due to the possible risks of side effects.10,11 Fernandez et al12 also reported that stressed babies older than 34 weeks gestation did not mount enough cortisol response and 71% of the ill babies needed inotropes to maintain blood pressure. The authors concluded that the inability to mount the response was not from adrenal dysfunction but from a secondary dysfunction of inadequate adrenal stimulation. Another study by Heckman et al13 found that in preterm babies, cortisol production rates did not alter significantly with increasing illness severity. Huysman et al14 showed that sick preterm babies were even less likely to mount a cortisol response to ACTH and this was reflected in the poorer outcomes for those babies.
Our study showed a correlation between gestational age and cortisol levels but not ACTH and cortisol/gestational age. This is in agreement with a study by Midgely et al2 who suggests that there are other factors are at play in the function of the HPA axis in extremely preterm neonates and not ACTH stimulation as dexamethasone suppressed the production of ACTH but not the production of DHEAS and 3-ene steroids. Bagnoli et all15 investigated the link between mode of delivery and ACTH, cortisol and gestational age at birth. The authors found a significant positive correlation between ACTH and cortisol in vaginal delivery and elective caesarean section but no correlation in babies born by emergency caesarean section. This is contrary to our study which showed no effect from mode of delivery, but a close look at the population in the study will reveal that the cohort of preterm babies were included extremely preterm to the late preterm infants. Other studies have also found a significant difference in the stress response in neonates based on mode of delivery16,17. Maternal antenatal steroids have been the mainstay of expected preterm deliveries since it has been demonstrated to help the maturation of the preterm lung. Our study investigated whether this had an impact on the cortisol secretion in the first five days of life and what were the effects on the HPA regulatory axis during extreme prematurity. Our findings concur with previous studies14,18,19. There was no relationship between early morning plasma ACTH, early morning plasma cortisol and administration of antenatal steroids. Our study agrees with the findings by Ng et al which showed that antenatal steroids did not significantly affect the production of steroids from the HPA axis in preterm babies10. Ng et al found that a significant proportion of extremely preterm infants in their study suffered from transient adrenocortical insufficiency of prematurity. Although these premature infants have suboptimal adrenocortical response to stress in the first week of life, the HPA axis adapts rapidly soon afterwards, and most infants will eventually exhibit an adequate response by day 14. An attenuated cortisol response in preterm infants might be protective against intracranial bleeding.20
The CRIB score has been shown to be good at comparing neonatal unit performances21,22 and the CRIB II scores have been shown to be easier for data collection23. One would expect infants with higher CRIB scores to have higher cortisol responses, but this was not evident from our study. This concurs with studies by Miletin et al24,25 who also found no relationship between severity of illness and steroid production. 
Our study showed that only gestational age was significantly associated with cortisol production in extreme premature infants and this should alert the managing physicians to the possible need for exogenous steroids and increased requirement for inotropic support in babies born too early. Until more research clarifies the use of exogenous corticosteroids, their use should be balanced against the risks. Limitations to the study include the small sample size and maternal cortisol levels were not available. 
In conclusion, the HPA axis is essential for maintaining homeostasis in the  newborn. The extremely preterm infant has an HPA axis which has more complex interplays than simple feedback loops between the ACTH and cortisol. In the first five days life, the relationship between early morning plasma ACTH and early morning plasma cortisol is either not established or is impaired in infants of less than 28 weeks’ gestation. Our study demonstrates that plasma cortisol level is determined by gestation and is not related to illness severity, antenatal steroids, delivery mode or plasma ACTH in these infants. This area requires further research that may help clarify the hormonal relationships and help harness the benefits of cortisol to the extremely preterm infant in the first few days of life.
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Figure 1. Correlation of plasma cortisol concentrations and gestation (weeks)

Table 1. Demographics table of all infants
	Variable
	Mean ± SD
	Range

	Gestation (weeks)
	25.3 ± 1.3 
	23 – 27 

	Weight (grams)
	809 ±17.0
	512 – 1190 

	Plasma cortisol (nmol/L)
	400 ± 80
	30-1500

	Plasma ACTH (iu/L)
	4.53 ± 0.9
	1.70- 21.10 



Table 2. Multiple regression analysis to examine factors affecting early morning plasma cortisol (variables entered: CRIB, gestation age, antenatal steroids, mode of delivery, birth weight)

	Variables
	Beta
	P-value

	CRIB
	0.03
	0.89

	Gestation (weeks)
	-0.40
	0.04

	Antenatal steroids
	-0.19
	0.11

	Birth weight
	0.05
	0.76

	Mode of delivery
	-0.06
	0.61
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