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Abstract

Background: Extremely preterm (EPT) birth has been related to dysregulation of stress 

responses and behavioral/learning problems at school age. Early adverse experiences can blunt 

HPA axis reactivity. We hypothesized that an attenuated cortisol awakening response would be 

associated with developmental and behavioral problems at school age in EPT children.

Methods: This secondary analysis of a sub-cohort of the SUPPORT study included children 

born between 24–27 weeks, evaluated at 6–7 years with a neurodevelopmental battery and cortisol 

measures. Differences were tested between EPT and a term-born group. Relationships of cortisol 

awakening response to test scores were analyzed.

Results: Cortisol was measured in 110 EPT and 29 term-born 6–7 year olds. Unadjusted 

WISCIV and NEPSY-II scores were significantly worse among EPT children only. Conners Parent 

Rating Scale behavior scores were significantly worse among EPT children. After adjusting for 

covariates, blunted cortisol awakening responses were found to be associated with poorer scores 

on memory tests and greater problems with inattention for the EPT group (p<0.05) only.

Conclusion: Among children born EPT, we identified an association of blunted cortisol 

awakening response with memory and inattention problems. This may have implications related to 

stress reactivity and its relationship to learning problems in children born EPT.

INTRODUCTION

Infants born extremely preterm (24–27 weeks gestational age) undergo numerous life-saving 

interventions and procedures in the neonatal intensive care unit (NICU), which can be 

painful or stressful. Exposures in the NICU differ greatly from those in utero, and include 

increased exposure to sounds, lights, and other physical sensations. Infants in the NICU 

often undergo painful procedures increasing their cortisol levels. Many infants in the NICU 

also experience prolonged separation from parents who cannot be at bedside regularly, 

leading to stress. When stress is experienced, the hypothalamic-pituitary-adrenal (HPA) axis 

is activated and cortisol is released. It has been reported that preterm infants with higher 

observed stress, as reflected by increased Neonatal Infant Stressor Scale scores,1 have higher 

levels of neonatal salivary cortisol.2 However, repeated exposure to adverse experiences in 

the NICU can lead to disruption in the development of the HPA axis, reflected in changes in 

basal cortisol levels and cortisol reactivity well beyond discharge from the NICU.3–8

In other populations, early adverse experiences have been shown to lead to blunting of HPA 

axis reactivity,9 commonly assessed by the “cortisol awakening response;” i.e., the increase 

in cortisol between first awakening and 30–45 minutes later. In a study of children who were 

adopted from orphanages,9 these children had blunted cortisol awakening responses at 7 to 

15 years of age, when the child had been adopted after the age of 16 months but not for 
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those children adopted in infancy. This study supports the literature showing that early life 

adversity can have an ongoing impact on stress response systems as measured by cortisol 

reactivity. We have previously reported that these 6 – 7-year-old children born extremely 

preterm had a blunted cortisol awakening response compared to term-born children.10 We 

did not find an altered stress response during attending a clinic visit; however, the first 

cortisol sample obtained at the visit was the highest for both preterm- and term-born 

children, suggesting that the act of coming to the clinic visit had already been stressful.10

Chronic activation of the stress response in infancy has also been linked to changes in 

neurodevelopmental outcomes of term children, particularly related to executive functioning 

skills.11 Executive function refers to skills such as inhibition, working memory, and attention 

that lead to the development of goal directed behaviors.12 Problems with executive function 

in young children are associated with difficulties with cognition, such as problems with 

sustained attention, inhibition, working memory, and behavioral dysregulation. Children 

born EPT are at increased risk for cognitive and behavioral difficulties in early childhood 

and at school age.13–15 Dysregulation of the HPA axis associated with exposure to a chronic 

and sustained elevated stress response in the NICU may partially explain this increased 

risk.16 In a cohort of children born very preterm, higher cortisol levels were associated 

with difficulty with internalizing behaviors such as emotional reactivity, attention problems, 

and anxious/depressive symptoms as measured by the Child Behavior Checklist (CBCL) at 

18-months.17

Limited research is available describing the relationship between cortisol reactivity and 

behavior difficulties at school age in children born EPT. Neonatal pain has been found to be 

related to persistent altered cortisol levels in boys born preterm at 7 years.18 Greater pain 

exposure in preterm born children was also related to higher cortisol levels at 7 years that 

was associated with lower IQ scores and poorer scores on tests of visual motor integration.19 

Brummelte found that increased number of painful procedures preterm children experienced 

at birth was associated with lower cortisol levels on study day and lower diurnal cortisol 

at home specifically in boys at 7 years.20 Cortisol levels on the study day was negatively 

associated with attention problems and positively associated with thought problems in this 

same group of preterm born school aged children. To try to address this gap in the literature, 

we explored whether dysregulated cortisol reactivity in children born EPT was associated 

with difficulties with executive functioning skills at school age. The purpose of this study 

was to investigate cortisol concentrations and their association with cognitive function, 

executive function, and behavioral challenges among school-age children born EPT in 

comparison to children born at term, as an exploratory hypothesis-generating project. We 

hypothesized that children born EPT would have more difficulty on tests of cognition and 

executive function, in addition to higher levels of parent reported atypical behavior when 

compared to children born full term. We also hypothesized that blunted awakening cortisol 

response at early school age would be associated with lower cognitive functioning, poorer 

executive function, and increased rates of reported behavior problems.
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METHODS

Population

The extremely preterm children in this study had been born between 24+0/7 and 27+6/7 

weeks gestation and enrolled at birth into the Surfactant Positive Airway Pressure and Pulse 

Oximetry Randomized Trial (SUPPORT) conducted by the Neonatal Research Network 

(NRN) of the Eunice Kennedy Shriver National Institute of Child Health and Human 

Development (NICHD). A subset of the children in the SUPPORT trial were enrolled 

in the Neuroimaging and Neurodevelopmental Outcomes study (ClinicalTrials.gov ID 

NCT00233324);21 386 of these children had follow-up at age 6 years 4 months to 7 years 

2 months. Partway through the school-age follow-up period, the National Heart, Lung and 

Blood Institute (NHLBI) awarded funding to evaluate the relationship of adrenal function 

to perinatal factors and school-age outcomes.10 Of the preterm-born children included in 

the study of adrenal function, 110 had developmental and behavioral testing performed and 

home cortisol values obtained and are included in this report. The only significant difference 

between the overall group and those who returned home samples was that the education 

level achieved was higher in the mothers of the preterm-born group who returned home 

samples.10

Participants were evaluated at fifteen Neonatal Research Network (NRN) centers after 

parental consent was obtained. The study was approved by the Institutional Review Board of 

each study site. Perinatal data were obtained from the original study database. A comparison 

group of children, born healthy at term, were recruited from 5 NRN sites (n=40). Of the 40 

term-born children, 29 had home cortisol values and were included in this study. Children 

born full term were eligible based on the following criteria: (1) singleton birth with 5th 

to 95th percentile birth weight and 37 to 41 weeks gestation; (2) 6 years 4 months to 7 

years old; (3) 5th to 95th percentile for height and weight; (4) never hospitalized >2 days; 

(5) without known medical problems; (6) never identified as eligible for special education, 

speech, or physical therapy; (7) without a sibling with autism or intellectual disability; and, 

(8) living with their birth parent(s).

Cortisol Collection

As part of a study of salivary cortisol in this population, kits were sent home after the 

study visit for the parents to collect specimens to measure cortisol upon awakening and 

30 minutes later. Parents were given an instruction brochure with pictures illustrating the 

procedures and asked to enter the exact times of specimen collection. The time of collection 

was documented by parental report. 95% of specimens had times recorded, with the post-

awakening specimen collected at 30 [23 – 46] minutes (median [5–95% CI] after awakening.

Saliva was collected by passive drool. If the child ate or drank anything <30 minutes before 

sampling, the child rinsed their mouth thoroughly before sampling. Samples were frozen 

at – 20°C, then sent to the Institute for Interdisciplinary Salivary Bioscience Research, 

where they remained at −80° C until assayed in duplicate using commercially available 

immunoassays designed for use with saliva (Salimetrics LLC, Carlsbad, CA). The test 

volume was 25 microliters, with lower limits of detection 0.007 mcg/dL. The intra-assay 
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CV% was 7.55% and the inter-assay CV% as based on the validation of the assay was 

6.00%.

Cortisol awakening responses were calculated by the area under the curve (AUC) between 

cortisol measures upon first awakening and 30 min later, with a blunted cortisol response 

defined as a lower AUC.9

Cognitive Test Measures

The Wechsler Intelligence Scale for Children – 4th edition (WISC-IV)22 was administered to 

each child, and composite scores in the areas of verbal comprehension, perceptual reasoning, 

working memory, and processing speed were obtained. All scores were standardized based 

on the chronological age of the child, with a mean of 100 and standard deviation of 15.

Selected subscales of the NEuroPSYchological Assessment (NEPSY-II)23 were 

administered. The test of auditory attention span was divided into a score of correct answers 

and a total score that took time into account. The test of memory for names was used, both 

for short-and long-term recall. All scores were standardized and converted to a t-score with a 

mean of 50 and standard deviation of 10 for analyses.

The Conners Parent Rating Scale24 measures parent reported behaviors related to 

inattention, hyperactivity/impulsivity, learning problems, executive functioning, defiance/

aggression, and peer relations. The questionnaire was computer scored and standard scores 

were calculated based on the child’s chronological age. The scores were converted to 

T-scores with a mean of 50 and standard deviation of 10. Scores above 60 (84th percentile) 

were considered moderately elevated and scores above 70 (98th percentile) were considered 

significantly elevated.

Statistical analysis

Differences in maternal and child characteristics between children born EPT and term were 

tested by chi-square and Wilcoxon tests. The relationship between the cortisol awakening 

response and each cognitive and behavioral test measure was analyzed using generalized 

linear mixed models adjusting for center, birth weight Z-scores, sex, maternal education, and 

the time of day the cortisol level was obtained. Reduced models only adjusted for time of 

day whereas full models adjusted for all covariates listed.

RESULTS

Table 1 describes pertinent maternal and child characteristics at birth and follow-up. The 

preterm born children had significantly lower birth weights and gestational ages compared 

to the term children. In addition, maternal education was significantly higher in mothers 

of term-born children. Therefore, maternal education level was adjusted for in all analyses. 

We previously published data from this cohort showing that the preterm-born children had 

significantly lower morning values with a blunted awakening response (geometric mean 

22% lower at awakening and 10% lower after 30 minutes).10
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The term-born children had higher scores on all scales of the WISC-IV and NEPSY-II, 

indicating higher functioning in the areas assessed. The term-born group had significantly 

lower scores on the Conners scale, which indicated fewer behavioral problems in the areas 

assessed. (Table 2)

Regression models showing the association of cortisol awakening response with 

developmental test scores are shown in Table 3. There was no significant relationship 

for the term-born group on any of the measures. However, among the EPT group, there 

was a significant positive association between WISC-IV verbal comprehension scores and 

morning cortisol AUC in the reduced model, which adjusted for time of awakening (ß 

(SE: 0.70 (0.35), p=0.05)). Significance was lost after further adjusting for center, sex, 

birth weight, and maternal education in the full model. On the NEPSY Memory for Names 

scale, both immediate recall (ß (SE: 3.84 (1.88), p=0.04)) and delayed recall (ß (SE: 4.81 

(1.95), p=0.02)) were significantly positively associated with morning cortisol AUC in both 

models for the EPT group even after adjusting for all covariates. On the Conners scale, 

there was a significant association in the reduced model for the EPT group (such that lower/

blunted awakening response was associated with increased scores) for inattention, learning 

problems, and defiance/aggression. Significance was maintained in the full model for the 

inattention scale. (ß (SE: −0.86 (0.37), p=0.02)).

DISCUSSION

In this study, we found that children born EPT, compared to those born full term, had 

increased rates of cognitive, executive function, and behavior problems even after adjusting 

for maternal education. These findings are consistent with the literature showing that 

prematurity is associated with lower scores on tests of cognition and executive functioning 

at school age.25, 26 EPT children have also been found to have increased problems with 

behavior, including externalizing (aggression, hyperactivity) and internalizing (anxiety, 

withdrawal) behaviors from preschool through school age.27, 28 These problems can be 

associated with learning difficulties and executive function abnormalities related to attention, 

impulsivity, and self-regulation.29

The association of learning and behavioral problems with cortisol awakening response 

has been infrequently studied. We previously reported that this cohort of children born 

extremely preterm showed a blunted cortisol awakening response, compared to those born 

at term gestation. We now report that there was a significant association of morning cortisol 

awakening response with verbal comprehension and verbal memory in the EPT group. 

After adjusting for center, birth weight, sex, and socio-economic factors, the memory scores 

maintained a significant association with cortisol. In areas of behavior, only the EPT group 

had a significant association between cortisol awakening response and behavioral scores in 

areas of inattention, learning problems, and aggression. Similarly, after adjusting for the 

above factors, a significant association with cortisol was maintained only for inattention.

Children born preterm, having experienced noxious exposures in the NICU, may display 

disruption in HPA axis function throughout childhood. Indicators of this dysregulated 

stress response in the HPA axis include blunting of morning cortisol levels10 and reduced 
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cortisol reactivity in response to stress.9 Children with adverse early life experiences display 

a blunted cortisol awakening response and changes in cortisol reactivity in response to 

stressors throughout the day.30

A systematic review found that among toddlers and early school age children born EPT, 

those with greater exposures to painful procedures during the neonatal period displayed 

poorer neurodevelopmental outcomes and disruptions in their cortisol activation compared 

to those with lower numbers of painful procedures.8 In another study of school age children 

with a history of preterm birth, children born very preterm (under 32 weeks), did not display 

overall differences in diurnal patterns or in cortisol reactions to stress in comparison to 

children born full term; however, further analyses revealed that those born preterm who 

had experienced more pain-related stress in the neonatal period displayed lower cortisol 

levels throughout the day than their peers born full term or preterm without pain-related 

stress in the NICU.20 Furthermore, in the same study, children born preterm who displayed 

attention problems had lower levels of cortisol reactivity in response to stress. Our study 

also found that the children born EPT had an association of lower awakening cortisol AUC 

with increased inattention problems at 6–7 years, possibly related to differences in cortisol 

reactivity associated with stress experienced in the neonatal period.

Strengths of this study included a multi-center trial with a large cohort of EPT children with 

assessments completed by psychologists who underwent comprehensive training for inter-

rater reliability. Limitations included a higher level of maternal education in the term control 

group, which was included in the regression models. A single parent questionnaire was 

used to measure the child’s behavior problems whereas multimodal assessment, including 

teacher ratings, may have provided a more comprehensive understanding of a child’s 

behavioral functioning. Parents’ interpretations of the questions and their own psychological 

functioning could have influenced their responses; however, the Conners scale is widely 

used both in research and in the clinical setting and is considered a robust measure of 

behavior. Finally, this study started part way through the NEURO school-age study period; 

however, population characteristics and neonatal morbidities were similar between this 

group and the overall NEURO population with the exception that the adrenal study group 

had a lower incidence of IVH/PVL (7% vs 9%).

In conclusion, our findings of an association between the cortisol awakening response and 

developmental outcomes in children born preterm, specifically in areas of memory and 

inattention, provides important information related to potential consequences of early stress. 

Further investigation of both parental and neonatal stress, as well as strategies to mitigate 

those stressors, may provide additional insight into the mechanisms contributing to this 

association. Enhanced support of children born preterm and their families, especially those 

from homes with limited resources, may be beneficial to the preterm child’s learning and 

behavior outcomes.
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Impact:

• In children born EPT, stress reactivity may have a relationship to learning 

problems

• Cortisol awakening response should be a component for follow-up in EPT 

born children

• Components of executive function, such as memory and attention, are related 

to stress reactivity
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Table 1:

Child and Maternal characteristics (mean±SD, median [25–75th %], or n (%))

Neonatal characteristics Extremely Preterm born N=110 Term-born N=29 P-value

Birth weight (BW, grams) 891±201 3380±505 <0.01

 BW < 10th %ile (n, %) 5 (5) 4 (14) 0.09

Gestational age (GA, weeks) 26.43±1.02 39.23±1.03 <0.01

BW for GA Z score 0.17±1.04 0.00±0.84 0.32

Male sex (%) 59 (54) 13 (45) 0.41

Race (% white) 73 (66) 24 (83) 0.11

Antenatal steroids (%) 106 (96) 0 (0)
N/A

 Any/complete course 90 (82) 0 (0)

Neonatal complications

 Necrotizing enterocolitis 4 (4) 0 (0)

 Bronchopulmonary dysplasia
a 39 (35) 0 (0)

 Days of ventilation 7.5 (2, 222) 0 (0) N/A

 Severe ICH or cPVL
b 8 (7) 0 (0)

 Late onset sepsis 26 (24) 0 (0)

 Severe retinopathy
c 11 (10) 0 (0)

Postnatal steroids (%) 4 (4) 0 (0) N/A

Maternal characteristics

Maternal education

 Did not complete high school 30 (28) 0 (0) <0.01

 Completed high school 27 (25) 2 (7)

 Some post-secondary 23 (21) 0 (0)

 Completed college 23 (21) 16 (55)

 Any graduate education 4 (4) 11 (38)

Diabetes 7 (6) N/A N/A

Hypertension 24 (22) 3 (11) 0.28

Characteristics at follow up

Child test age (years) 6.84±0.41 6.72±0.19 0.87

Height (cm) 119.75±6.98 121.88±5.84 0.13

 Z score −0.12±1.23 0.41 ±1.02 0.02

Weight (kg) 23.16±4.96 22.95±3.51 0.84

 Z score −0.07±1.29 0.10±0.88 0.30

a
Bronchopulmonary dysplasia: receiving respiratory support (supplemental oxygen or positive pressure ventilation) at 36 weeks postmenstrual age

b
Severe ICH: intracranial hemorrhage grade III or IV; cPVL: cystic periventricular leukomalacia

c
Severe retinopathy: type 1 retinopathy of prematurity or treatment with laser, cryotherapy, or bevacizumab
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Table 2.

Unadjusted comparisons of WISC-IV, Conner, and NEPSY scale standardized scores.

WISC-IV Scores Statistic N Extremely Preterm born N Term-born P-value

Verbal Comprehension Mean (SD) 110 89.9 (14.5) 29 103.1 (11.8) <0.01

Median 91 (79, 100) 102 (95, 110)

Min, Max 53, 121 83, 130

Perceptual Reasoning Mean (SD) 110 96.4 (16.4) 29 111.8 (13.8) <0.01

Median 95 (86, 108) 110 (100,

Min, Max 63, 141 84, 145

Working Memory Total Mean (SD) 109 91.6 (12.7) 29 105.1 (13.4) <0.01

Median 94 (83, 102) 102 (94, 113)

Min, Max 54, 120 86, 132

Processing Speed Mean (SD) 109 91.6 (16.7) 29 105.7 (11.9) <0.01

Median 94 (80, 103) 106 (100,

Min, Max 50, 128 75, 123

NEPSY-II

Auditory attention total correct Mean (SD) 96 8.1 (3.8) 27 10.5 (3.0) <0.01

Median 9 (5, 11) 11 (8, 13)

Min, Max 1, 14 4, 15

Auditory attention combined Mean (SD) 96 7.9 (4.0) 27 10.9 (3.5) <0.01

Median 8 (4, 11) 11 (9, 13)

Min, Max 1, 16 4, 18

Memory for names immediate Mean (SD) 103 8.5 (3.3) 29 10.7 (3.2) <0.01

Median 8 (7, 11) 11 (8, 12)

Min, Max 1, 19 5, 18

Memory for names delayed total Mean (SD) 103 8.5 (3.5) 29 10.7 (3.3) <0.01

Median 9 (7, 11) 11 (10, 12)

Min, Max 2, 17 2, 17

Conners Scores

Inattention Mean (SD) 102 66.2 (17.3) 27 51.8 (14.0) <0.01

Median 63 (55, 85) 45 (41, 56)

Min, Max 40, 90 40, 90

Hyperactivity/Impulsivity Mean (SD) 101 66.0 (17.0) 28 56.4 (14.8) <0.01

Median 64 (52, 83) 52 (45, 64)

Min, Max 40, 90 40, 90

Learning Problems Mean (SD) 104 57.3 (13.9) 26 47.2 (9.8) <0.01

Median 57 (46, 64) 45 (40, 50)

Min, Max 40, 90 40, 90

Executive Functioning Mean (SD) 105 58.9 (14.4) 26 51.1 (10.3) 0.01

Median 54 (47, 69) 49 (43, 58)

Min, Max 40, 90 40, 90

Defiance/Aggression Mean (SD) 106 55.3 (13.3) 29 48.4 (5.5) 0.01
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Median 49 (45, 60) 46 (45, 50)

Min, Max 44, 90 45, 68

Peer Relations Mean (SD) 105 57.4 (14.9) 29 51.5 (11.6) 0.03

Median 52 (46, 64) 46 (45, 54)

Min, Max 44, 90 45, 89
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Table 3.

Association between cortisol awakening response (AUCa) and behavior at age 6–7

Extremely Preterm born Term-born

Reduced Model
b

Full Model
c

Reduced Model
b

Full Model
c

β (SE) P-value β (SE) P-value β (SE) P-value β (SE) P-value

WISC-IV Scores

Verbal Comprehension 0.70 (0.35) 0.05 0.67 (0.45) 0.15 0.37 (1.01) 0.72 0.34 (1.30) 0.79

Perceptual Reasoning 0.44 (0.33) 0.18 0.37 (0.44) 0.39 0.15 (0.87) 0.87 −0.05 (1.03) 0.96

Working Memory 0.28 (0.39) 0.47 0.31 (0.46) 0.50 −0.10 (0.86) 0.91 0.48 (1.00) 0.64

Processing Speed 0.50 (0.31) 0.12 0.21 (0.39) 0.58 −0.72 (0.97) 0.47 −0.44 (1.29) 0.73

NEPSY Scores

Auditory attention total −0.33 (1.46) 0.82 −0.48 (1.81) 0.79 −0.11 (4.08) 0.98 4.58 (4.86) 0.36

Auditory attention combined −0.01 (1.35) 0.99 −0.34 (1.69) 0.84 −1.08 (3.53) 0.76 2.36 (4.37) 0.60

Memory for name 3.23 (1.56) 0.04 3.84 (1.88) 0.04 −3.73 (3.54) 0.30 −1.70 (4.50) 0.71

Memory for names delayed 3.02 (1.52) 0.05 4.81 (1.95) 0.02 −6.39 (3.29) 0.06 −4.10 (4.40) 0.36

Conners Scores

Inattention −0.76 (0.30) 0.01 −0.86 (0.37) 0.02 0.69 (0.76) 0.37 0.20 (0.98) 0.84

Hyperactivity/Impulsivity −0.54 (0.31) 0.08 −0.58 (0.39) 0.14 0.62 (0.72) 0.40 0.47 (0.86) 0.59

Learning Problems −0.92 (0.37) 0.02 −0.88 (0.46) 0.06 0.68 (1.06) 0.52 0.38 (1.32) 0.78

Executive Functioning −0.53 (0.37) 0.15 −0.53 (0.46) 0.26 0.20 (1.02) 0.84 −0.28 (1.19) 0.81

Defiance/Aggression −0.91 (0.39) 0.02 −0.85 (0.49) 0.09 1.64 (2.41) 0.50 3.54 (4.32) 0.42

Peer Relations −0.51 (0.36) 0.17 −0.74 (0.44) 0.10 0.32 (1.00) 0.75 −0.19 (1.31) 0.89

a
Cortisol awakening response (AUC) = increase from first awakening value to 30 minutes later

b
Adjusts for time of awakening.

c
Adjusts for time of awakening, center, sex, birthweight Z-scores, and maternal education.
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