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Neonatal hypoglycaemia is a common metabolic problem 
affecting 5% to 15% of all infants.1,2 Neuroimaging studies 
of infants who experience severe or symptomatic hypogly-
caemia commonly report acute abnormalities in the occipi-
tal cortex and white matter injury.3,4 Follow- up studies have 
also reported reduced mental and motor functioning at 
18 months,5 and adverse neurocognitive, motor, educational, 

and behavioural outcomes in later childhood.6– 8 However, 
few studies have examined the associations between neo-
natal hypoglycaemia and specific aspects of neurocognitive 
and behavioural functioning in childhood.6,9 Enhanced un-
derstanding of these relationships may uncover subtle diffi-
culties of children who experienced neonatal hypoglycaemia 
and inform timely intervention.
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Abstract
Aim: To examine the relationship between neonatal hypoglycaemia and specific 
areas of executive function and behaviour in mid- childhood.
Method: Participants in a prospective cohort study of infants born late preterm 
or at term at risk of neonatal hypoglycaemia were assessed at 9 to 10 years. We as-
sessed executive function using performance- based (Cambridge Neuropsychological 
Tests Automated Battery) and questionnaire- based (Behavior Rating Inventory of 
Executive Function) measures and behaviour problems with the Strengths and 
Difficulties Questionnaire. Data are reported as adjusted odds ratio (aOR) with 95% 
confidence intervals, and standardized regression coefficients.
Results: We assessed 480 (230 females, 250 males; mean age 9 years 5 months [SD 
4 months, range 8 years 8 months– 11 years 0 months]) of 587 eligible children 
(82%). There were no differences in performance- based executive function be-
tween children who did and did not experience neonatal hypoglycaemia (blood glu-
cose <2.6 mmoL/L). However, children who experienced hypoglycaemia, especially 
if severe or recurrent, were at greater risk of parent- reported metacognition diffi-
culties (aOR 2.37– 3.71), parent- reported peer (aOR 1.62– 1.89) and teacher- reported 
conduct (aOR 2.14 for severe hypoglycaemia) problems. Both performance-  and 
questionnaire- based executive functions were associated with behaviour problems.
Interpretation: Neonatal hypoglycaemia may be associated with difficulties in 
specific aspects of parent- reported executive functions and behaviour problems in 
mid- childhood.
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Neonatal hypoglycaemia has been reported to be as-
sociated with executive dysfunction. The Children with 
Hypoglycaemia and their Later Development (CHYLD) 
study assessed a cohort of 614 infants born at risk of neonatal 
hypoglycaemia, and reported that hypoglycaemia was asso-
ciated with a twofold increased risk of performance- based 
executive function difficulties at age 4 years 6 months.10 
Children exposed to severe, recurrent, and clinically unde-
tected hypoglycaemia were at greater risk of poor executive 
function. However, in this cohort hypoglycaemia was not 
associated with altered overall executive function at age 9 to 
10 years.11

Previous findings about behavioural outcomes of chil-
dren exposed to hypoglycaemia have been mixed. Children 
of diabetic mothers who experienced neonatal hypogly-
caemia were more often reported to be hyperactive, im-
pulsive, and easily distracted at age 8 years than matched 
comparison individuals.7 However, another small study has 
reported no significant differences in behaviour problems 
between children who experienced neonatal hypoglycae-
mia and their matched comparison individuals at age 7 to 
9 years.6

Specific domains of executive function play important 
roles in contributing to behavioural outcomes. For example, 
greater inhibitory control and sequencing abilities predicted 
reduced externalizing problems 2 years later in typically 
developing children aged 6 to 9 years.12 Further, executive 
function mediated the relationships between preterm birth 
and behaviour problems at age 13 years.13

These findings suggest that neonatal hypoglycaemia may 
be linked with later executive dysfunction and behaviour 
problems. However, there is limited information on which 
specific executive functions and behaviours are affected, 
and how they may interact. We therefore examined a range 
of specific executive functions and behaviour problems in 
school- age children born at risk of neonatal hypoglycae-
mia. We aimed to investigate whether specific difficulties in 
these domains were related to the frequency or severity of 
hypoglycaemia or clinically undetected hypoglycaemia, and 
to test whether specific executive functions might mediate 
the relationship between neonatal hypoglycaemia and be-
haviour problems.

M ETHOD

Participants

The CHYLD study is a prospective cohort study following 
the development of children born at 32 weeks' gestation or 
later with one or more risk factors for neonatal hypogly-
caemia (diabetic mother, preterm [<37 weeks], small [<10th 
centile or < 2500 g], large [>90th centile or > 4500 g], or other 
risk such as poor feeding).10,14 Participants in the CHYLD 
cohort were born between 2006 to 2010 at Waikato Hospital, 
Hamilton, New Zealand. Characteristics of the cohort, 
glycaemic management, and outcomes at age 2 years and 

4 years 6 months have been reported elsewhere.10,14 Infants 
underwent regular blood glucose monitoring using a glucose 
oxidase method and masked continuous interstitial glucose 
monitoring. Hypoglycaemia was treated with extra feeding, 
buccal dextrose gel, and intravenous dextrose to maintain 
blood glucose concentrations of at least 2.6 mmoL/L.

When the children were at a corrected age of 9 to 10 years, 
families were invited to participate in this mid- childhood 
outcomes study. Assessments of cognitive, motor, visual– 
perceptual, learning, and behaviour functioning were con-
ducted by trained assessors at school or at home.11 This study 
was approved by the Northern B Health and Disability Ethics 
Committee (16/NTB/208). Parents provided written consent 
and children provided written assent for all assessments.

Measures

Performance- based executive function was assessed using 
four tasks of the Cambridge Neuropsychological Tests 
Automated Battery (Cambridge Cognition, Cambridge, 
UK), chosen because it has good psychometric proprie-
ties and can assess various components of executive func-
tion with child- friendly computerized tasks.15 The Spatial 
Working Memory task requires children to search for 
blue tokens by touching the boxes to open them but not 
return to a box where a token has been found previously. 
The outcome measure was the total between errors (total 
number of times the child revisited a box in which a token 
had previously been found). The One Touch Stockings of 
Cambridge task assesses planning skills. Children must 
state the number of moves needed to make the lower dis-
play of three coloured balls copy the pattern shown in 
the upper display. The outcome measure was the number 
of problems solved on the first attempt. The Attention 
Switching task requires children to press the button cor-
responding to the direction or location of an arrow on 
screen. The outcome measure was the switching median 
response latency in milliseconds. The Stop Signal task as-
sesses response inhibition. Children are asked to press the 
left-  or right- hand button according to the direction of the 
arrows following a visual stimulus, but to withhold their 
response after an auditory signal. The outcome measure 

What this paper adds

• Neonatal hypoglycaemia associates with parent- 
reported but not performance- based executive 
function in mid- childhood.

• Neonatal hypoglycaemia associates with in-
creased risks of peer and conduct problems.

• Specific aspects of performance- based and 
questionnaire- based executive function associate 
with behaviour problems.
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was the mean stop- signal reaction time. Higher scores 
on Attention Switching, Spatial Working Memory, and 
Stop Signal tasks as well as lower scores on the One Touch 
Stockings of Cambridge task indicate poorer executive 
function. All raw scores were converted into z- scores and 
reverse coded for Attention Switching, Spatial Working 
Memory, and Stop Signal tasks. Low performance was de-
fined as z- scores more than one standard deviation below 
the mean.

For questionnaire- based executive function assessing 
the behaviour manifestations of executive function, parents 
and teachers were asked to complete the Behavior Rating 
Inventory of Executive Function.16 This questionnaire com-
prises 86 items within eight clinical scales that can yield two 
indexes: the Metacognition Index (including initiate, work-
ing memory, plan/organize, organization of materials, and 
monitor) and the Behavioral Regulation Index (including 
inhibition, shift, and emotional control). The sum of the 
two indexes generates the global executive composite score. 
All scores are reported as T scores with a mean of 50 and 
a standard deviation of 10. Higher scores indicate more ex-
ecutive function difficulties. Low performance was defined 
as indexes and a global executive composite greater than 65.

To assess behaviour problems, we used parent-  and teacher- 
versions of the Strengths and Difficulties Questionnaire 
(SDQ). This screening tool comprises 25 items assessing 
four symptoms scales (emotional symptoms, conduct prob-
lems, hyperactivity/inattention, and peer relationships) and 
a prosocial behaviour scale.17 A total difficulties score is gen-
erated by summing the scores of the four symptoms scales. 
Higher symptoms scores indicate more behaviour problems. 
Problem behaviour was defined as a total difficulties score 
reaching the clinical range (SDQ –  Parent ≥14 or SDQ –  
Teacher ≥12); emotional problems score SDQ –  Parent ≥4 or 
SDQ –  Teacher ≥5; conduct problems score SDQ –  Parent or 
Teacher ≥3; hyperactivity problems score SDQ –  Parent or 
Teacher ≥6; peer problems score SDQ –  Parent ≥3 or SDQ –  
Teacher ≥4; and prosocial score SDQ –  Parent or Teacher ≤5.

Neonatal and maternal characteristics were obtained 
from medical records. Parental questionnaires were used to 
obtain information on the home and family environment. 
Maternal ethnicity was self- defined and prioritized using 
Ministry of Health Guidelines.18 Socioeconomic status 
was assessed using the New Zealand Deprivation Index, a 
decile scale ranging from 1 to 10, where 1 represents least 
deprivation.19

Analysis

A hypoglycaemic episode was defined as at least one con-
secutive blood glucose concentration less than 2.6 mmoL/L 
(mild ≥2.0 mmoL/L to <2.6 mmoL/L; severe <2.0 mmoL/L). 
Interstitial episodes were defined as interstitial glucose 
concentrations less than 2.6 mmoL/L for at least 10 min-
utes. Hypoglycaemic events referred to the sum of non- 
current hypoglycaemic and interstitial episodes more than 

20 minutes apart. Hypoglycaemia was defined as at least one 
hypoglycaemic event in the first week after birth. Clinically 
undetected hypoglycaemia was defined as at least one hypo-
glycaemic event but no hypoglycaemic episodes.

Statistical analyses were performed using SPSS version 25 
(IBM Corp., Armonk, NY, USA). Descriptive data are pre-
sented as mean (standard deviation) or number (%). We used 
independent t- tests for continuous outcomes and χ2 tests for 
dichotomous outcomes to compare the neonatal and de-
mographic variables of participants and non- participants, 
and participants who did or did not experience neonatal 
hypoglycaemia.

Generalized linear models were fitted to investigate 
the differences in executive function and behaviour prob-
lems between hypoglycaemic and non- hypoglycaemic 
groups. Potential confounders including the New Zealand 
Deprivation Index, sex, primary risk factor for neonatal 
hypoglycaemia, and Full- Scale IQ at age 4 years 6 months 
measured by the Wechsler Preschool and Primary Scale of 
Intelligence were treated as covariates. Logistic and multi-
variable regression models were fitted to examine the rela-
tionships between hypoglycaemia, executive function, and 
behaviour problems after adjusting for the covariates. The 
indirect effects of hypoglycaemia on behavioural outcomes 
through executive function were determined using the boot-
strapping method and the PROCESS macro for SPSS.

R E SU LTS

Neonatal and demographic characteristics

Of the 614 infants who took part in the neonatal studies, 
three died and 24 withdrew, leaving 587 children eligible 
for the mid- childhood follow- up study, of whom 480 (82%) 
were assessed at 9 years of age (230 females, 250 males; 
mean age 9 years 5 months [SD 4 months, range 8 years 
8 months– 11 years 0 months]). Children who were not as-
sessed at 9 years were more likely to be of ‘other’ ethnicity but 
had otherwise similar demographic, maternal, and neonatal 
characteristics to those who were assessed (Table 1).

Neonatal hypoglycaemia had occurred in 304 (63%) of 
the 480 participants in the 9- year assessment, of whom 165 
(54%) had at least three hypoglycaemic events, 128 (42%) had 
at least one severe hypoglycaemic event, and 29 (10%) were 
exposed to clinically undetected hypoglycaemia. Children 
who had experienced hypoglycaemia had shorter gestation 
length and lower birthweight than those who did not and 
were less likely to be an infant of a diabetic mother, but more 
likely to have received neonatal intensive care (Table 1).

Association between hypoglycaemia, executive 
function, and behaviour problems

Children who were or were not exposed to neonatal hypogly-
caemia had similar risks of difficulties in performance- based 
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T A B L E  1  Characteristics of participants in the Children with Hypoglycaemia and Their Later Development (CHYLD) study

Assessed at 9– 10 years

Total (n = 480)

Neonatal 
hypoglycaemia 
(n = 304)

No neonatal 
hypoglycaemia 
(n = 176)

Not assessed at 
9– 10 years (n = 107)

Maternal characteristics

Number of females 447 280 167 100

Age, years:months 30:2 30:1 30:4 29:0

Diabetes in pregnancy

None 275 (61) 179 (64) 96 (58) 58 (58)

Gestational 138 (31) 76 (27) 62 (37) 33 (33)

Pre- gestational 34 (8) 25 (9) 9 (5) 9 (9)

Socioeconomic status

Most deprived decilea 192 (40) 124 (41) 68 (39) 51 (48)

Educational level

Schooling incomplete 32 (9) 18 (8) 14 (11)

High school >3 years 84 (23) 58 (24) 26 (19)

Technical or trade 143 (35) 82 (34) 50 (38)

University 124 (33) 81 (34) 43 (32)

Neonatal characteristics

Age- corrected at follow- up, 
years:months

9:5 9:5 9:5

Males 250 (52) 153 (50) 97 (55) 58 (54)

Singletons 397 (83) 247 (82) 150 (85) 91 (85)

Gestational age (weeks) 37.3 (2.1) 37.1 (2.1)b 37.7 (2.0) 37.4 (1.9)

Birthweight (g) 3005 (877) 2937 (848)b 3123 (917) 3023 (852)

5- minute Apgar score <7 10 (2) 8 (3) 2 (1) 1 (1)

Admitted to neonatal intensive care 
unit

239 (50) 173 (57)c 66 (38) 42 (39)

Ethnicityd

Māori 149 (31) 98 (33) 51 (29) 25 (25)

Pacific Island 9 (2) 4 (1) 5 (3) 4 (4)

Othere 22 (5) 15 (5) 7 (4) 14 (14)

New Zealand European 292 (62) 182 (61) 110 (64) 58 (57)

Primary risk factorb

Infant of diabetic mother 175 (36) 103 (34) 72 (41) 42 (39)

Preterm 170 (35) 116 (38) 54 (31) 40 (37)

Small 71 (15) 50 (17) 21 (12) 14 (13)

Large 47 (10) 22 (7) 25 (14) 6 (6)

Otherf 17 (4) 13 (4) 4 (2) 5 (5)

Neonatal hypoglycaemia

Continuous glucose monitoring 377 (79) 250 (82) 127 (72)b 75 (70)

Hypoglycaemia

None 176 (37) 0 176 (37) 40 (37)

1 or 2 events 139 (29) 139 (29) 0 41 (38)

≥3 events 165 (34) 165 (34) 0 26 (24)

Mild events 176 (37) 176 (37) 0 45 (42)
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executive function (adjusted odds ratio [aOR] 1.21– 1.33, 
Table 2). However, exposure to neonatal hypoglycaemia was 
associated with a twofold increased risk of parent- reported 
metacognition difficulties (aOR 2.37, 95% confidence inter-
val [CI] 1.13– 4.99, p = 0.023), but no difference in teacher- 
reported executive function. Furthermore, exposure to 
neonatal hypoglycaemia was associated with a 1.5- fold in-
creased risk of parent- reported peer problems (aOR 1.62, 
95% CI 1.00– 2.63, p  =  0.049) but was not associated with 
increased teacher- reported behaviour problems (Table 2).

Further exploration of a possible dose– response rela-
tionship showed that children exposed to at least three hy-
poglycaemic events had a nearly threefold increased risk 
of parent- reported metacognition difficulties, and a nearly 
twofold increased risk of parent- reported peer problems 
(Figure 1 and Table S1). Children exposed to at least one se-
vere hypoglycaemic event(s) had an approximately 2.5-  to 
3.5- fold increased risk of parent- reported metacognition 
difficulties and overall executive function difficulties, and a 
twofold increased risk of parent- reported peer problems and 
teacher- reported conduct problems (Figure 1 and Table S2). 
However, children who were exposed to mild hypoglycaemic 
events had a reduced risk of teacher- reported peer problems. 
There was no significant difference in executive function and 
behaviour problems between the clinically undetected hypo-
glycaemic group and the normoglycaemic group (Table S3).

Association between executive function and 
behaviour problems

Overall, better executive function was associated with re-
duced behaviour problems. Performance- based executive 
function explained 7% to 25% of variance and questionnaire- 
based executive function explained 10% to 72% of variance 
of behaviour problems (Table 3). Furthermore, specific as-
pects of executive function were associated with specific 
behaviour problems. Better spatial working memory, as as-
sessed by the Spatial Working Memory task, associated with 

reduced hyperactivity problems reported by parents and 
teachers. Better planning skills, as assessed by the One Touch 
Stockings of Cambridge task, were associated with reduced 
emotion problems reported by parents and teachers. Parent- 
reported behaviour regulation was significantly associated 
with all behaviour problems scales except teacher- reported 
hyperactivity problems. Teacher- reported behaviour regula-
tion was significantly associated with all aspects of behav-
iour problems.

Results of mediation analyses suggested that parent- 
reported metacognition difficulties did not mediate the 
relationships between neonatal hypoglycaemia, increased 
frequency, and severity of hypoglycaemic events and be-
haviour problems (Table S4). However, when IQ score at age 
4 years 6 months was excluded from the model, metacogni-
tion difficulties seemed to mediate the relationship between 
frequency and severity of hypoglycaemic events and parent- 
reported peer problems (B = 0.09, standard error = 0.05, 95% 
CI = 0.01– 0.19 for frequency; B = 0.06, standard error = 0.01, 
95% CI  =  0.04– 0.08 for severity), although the effect sizes 
were small (Figure 2).

DISCUSSION

Neonatal hypoglycaemia, especially when severe or recur-
rent, is associated with increased difficulties with parent- 
reported metacognition and peer and conduct behaviour 
problems, but not with performance- based measures of ex-
ecutive function, at 9 to 10 years of age. Performance- based 
and questionnaire- based executive function were indepen-
dently associated with behaviour problems. Metacognition 
difficulties did not mediate the relationships between hypo-
glycaemia and peer and conduct problems independent of 
early IQ.

Neonatal hypoglycaemia was modestly associated with 
increased risk of questionnaire- based but not performance- 
based executive function difficulties. This was different 
from our previous findings in this cohort at age 4 years 

Assessed at 9– 10 years

Total (n = 480)

Neonatal 
hypoglycaemia 
(n = 304)

No neonatal 
hypoglycaemia 
(n = 176)

Not assessed at 
9– 10 years (n = 107)

Severe events 128 (27) 128 (27) 0 33 (21)

Clinically undetected hypoglycaemia 29 (7) 29 (7) 0 10 (11)

Data are mean (SD) or n (%). Hypoglycaemia defined as at least one hypoglycaemic event, defined as the sum of non- concurrent hypoglycaemic and interstitial episodes more 
than 20 minutes apart; a hypoglycaemic episode is defined as at least one consecutive blood glucose concentration <2.6 mmoL/L, and an interstitial episode as interstitial 
glucose concentrations <2.6 mmoL/L for 10 minutes; a mild hypoglycaemia event is defined as mild hypoglycaemic events ≥2.0– 2.5 mmoL/L only; a severe hypoglycaemia 
event is defined as at least one severe hypoglycaemic event <2.0 mmoL/L; clinically undetected hypoglycaemia is defined as at least one hypoglycaemic event but no 
hypoglycaemic episodes.
aMost deprived is defined as New Zealand Deprivation Index 8– 10.
bp <0.05 for comparison between children with and without neonatal hypoglycaemia.
cp <0.01 for comparison between children with and without neonatal hypoglycaemia.
dp <0.01 for comparison between children who were and were not assessed at 9– 10 years.
eOther includes Chinese, Indian, Dutch, Japanese, Tokelauan, and other unspecified ethnicity.
fOther includes sepsis, haemolytic disease of the newborn, respiratory distress, congenital heart disease, and poor feeding.

T A B L E  1  (Continued)
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T A B L E  2  Executive function and behaviour problems of children with and without neonatal hypoglycaemia

Measures Hypoglycaemia n No hypoglycaemia n
Adjusted mean 
difference or ORa 95% CI p

Cambridge Neuropsychological Tests Automated Battery

AST 842 (179) 298 833 (173) 173 1.1 −33 to 35 0.950

OTS 7.6 (3.2) 299 7.6 (3.3) 173 0.6 −0.5 to 0.6 0.291

SWM 18.4 (7.0) 297 17.5 (7.0) 172 1.2 −0.2 to 2.5 0.098

SST 339 (78) 295 332 (84) 171 9.3 −7 to 25 0.252

AST z < −1 47 (16) 298 24 (14) 173 1.22 0.66– 2.23 0.527

OTS z < −1 62 (21) 299 30 (17) 173 1.33 0.73– 2.42 0.358

SWM z < −1 38 (13) 297 21 (12) 172 1.21 0.63– 2.30 0.570

SST z < −1 54 (18) 295 27 (16) 171 1.25 0.70– 2.23 0.458

Behavior Rating Inventory of Executive Function –  Parent

BRI 51.1 (11.8) 258 50.6 (11.8) 146 −0.5 −3.0 to 1.9 0.492

MI 53.2 (12.1) 258 51.7 (11.2) 146 0.9 −1.5 to 3.4 0.463

GEC 52.3 (11.8) 258 51.1 (11.0) 146 0.4 −2.0 to 2.7 0.394

BRI > 65 31 (12) 258 15 (10) 146 1.11 0.53– 2.31 0.780

MI > 65 46 (18) 258 14 (10) 146 2.37 1.13– 4.99 0.023

GEC > 65 39 (15) 258 13 (9) 146 1.90 0.88– 4.13 0.104

Behavior Rating Inventory of Executive Function –  Teacher

BRI 55.6 (12.4) 287 56.2 (12.6) 160 −0.6 −3.1 to 2.0 0.665

MI 58.6 (13.6) 287 59.5 (13.7) 160 −0.8 −3.5 to 2.0 0.571

GEC 57.9 (14.2) 287 58.8 (14.3) 160 −0.8 −3.6 to 2.1 0.602

BRI > 65 66 (23) 287 38 (24) 160 0.93 0.54– 1.58 0.776

MI > 65 80 (28) 287 51 (32) 160 0.83 0.50– 1.38 0.472

GEC > 65 81 (28) 287 51 (32) 160 0.82 0.50– 1.36 0.823

Strength and Difficulties Questionnaire –  Parent

Total difficulties 10.8 (7.1) 262 10.3 (6.8) 145 0.6 −0.8 to 2.0 0.726

Hyperactivity 3.8 (2.6) 262 3.8 (2.6) 145 0.1 −0.4 to 0.7 0.673

Conduct 1.9 (2.1) 262 1.7 (1.7) 145 0.1 −0.3 to 0.5 0.645

Emotion 2.8 (2.3) 262 2.7 (2.6) 145 0.1 −0.4 to 0.7 0.613

Peer 2.3 (2.1) 262 2.1 (2.0) 145 0.3 −0.2 to 0.7 0.241

Prosocial 8.4 (1.8) 262 8.3 (1.7) 145 −0.02 −0.4 to 0.3 0.910

Total difficulties 
≥14

79 (30) 262 38 (26) 145 1.21 0.72– 2.04 0.475

Hyperactivity ≥6 61 (23) 262 35 (24) 145 1.08 0.62– 1.88 0.779

Conduct ≥3 77 (29) 262 38 (26) 145 1.09 0.65– 1.85 0.740

Emotion ≥4 86 (33) 262 49 (34) 145 0.92 0.57– 1.49 0.732

Peer ≥3 116 (44) 262 50 (35) 145 1.62 1.00– 2.63 0.049

Prosocial ≤5 20 (8) 262 11 (8) 145 1.12 0.45– 2.81 0.811

Strength and Difficulties Questionnaire –  Teacher

Total difficulties 8.6 (6.7) 285 8.5 (6.8) 162 0.2 −1.1 to 1.5 0.723

Hyperactivity 3.5 (3.1) 285 3.6 (2.9) 162 0.01 −0.6 to 0.6 0.987

Conduct 1.3 (1.9) 285 0.98 (1.5) 162 0.3 −0.02 to 0.7 0.068

Emotion 2.0 (1.9) 285 2.11 (2.4) 162 −0.1 −0.5 to 0.4 0.761

Peer 1.8 (1.9) 285 1.9 (2.0) 162 −0.03 −0.5 to 0.4 0.878

Prosocial 7.5 (2.4) 285 7.3 (2.3) 162 0.2 −0.2 to 0.7 0.351

Total difficulties 
≥12

84 (30) 285 49 (30) 162 1.05 0.64– 1.72 0.853
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EXECUTIVE FUNCTION AND BEHAVIOUR PROBLEMS IN SCHOOL- AGE CHILDREN BORN AT RISK 
OF NEONATAL HYPOGLYCAEMIA

6 months, when neonatal hypoglycaemia was associated 
with increased risk of low scores on performance- based 
measures of executive function.10 These two measures assess 
different aspects of executive function.20 Cognitive- based 
performance tasks assess children's efficiency of cognitive 
abilities, whereas questionnaire- based measures reflect 
children's goal- directed behaviours. Our findings suggest 
that the executive function difficulties of 9-  to 10- year- old 
children who had experienced neonatal hypoglycaemia are 
apparent at a behaviour level and related to goal formula-
tion and execution.

Furthermore, we found that neonatal hypoglycaemia 
was associated with reduced parent- reported metacog-
nition. Metacognition is a higher- order thinking process 
which helps children to plan, monitor, and evaluate their 
behaviours.21 Improved metacognition is associated with 
better academic performance and well- being.22 Our recent 
report in the same cohort of 9-  to 10- year- old children found 
no differences between hypoglycaemic and normoglycaemic 
groups for overall questionnaire- based executive function.11 
However, the current findings suggest that children who 
experienced neonatal hypoglycaemia may show later diffi-
culties in specific skills related to initiation, planning, orga-
nization, and self- monitoring, rather than global executive 
dysfunction. Future studies should use both performance- 
based and questionnaire- based assessments of specific areas 
of executive function and should involve multiple infor-
mants to detect more subtle later consequences of neonatal 
hypoglycaemia.

We also found that children who experienced neonatal 
hypoglycaemia had increased risk of later peer and con-
duct problems as perceived by parents and teachers. This 
is consistent with previous findings of higher levels of hy-
peractivity and impulsivity for 8- year- old children born to 
diabetic mothers who experienced neonatal hypoglycaemia 
compared with those who did not.7 However, it contrasts 
with another study that reported no significant differences 
in behaviour difficulties between children exposed to mod-
erate to severe neonatal hypoglycaemia aged 7 to 9 years 
and their typically developing siblings aged 3 to 16 years.6 
Maternal diabetes is associated with an increased risk of 
attention- deficit/hyperactivity disorder among offspring.23 
However, in our study, only one- third of participants were 

infants of diabetic mothers, so the increased risk of be-
haviour problems is unlikely to be explained by maternal 
diabetes.

This study found associations between neonatal hypo-
glycaemia and specific areas of behaviour difficulties. We 
previously found no differences in overall behavioural dif-
ficulties between the hypoglycaemic and normoglycaemic 
groups in this cohort.11 The current findings emphasize the 
importance of examining different aspects of behaviour in 
different contexts in future studies. In particular, children 
who had experienced neonatal hypoglycaemia were more 
likely to have parent- reported social difficulties, and chil-
dren who had experienced severe hypoglycaemia showed 
increased risk of teacher- reported conduct problems. These 
different behavioural difficulties may be related to the 
varied behaviour expectations in different environments. 
Teachers may be concerned about whether students can fol-
low instructions, whereas parents may be concerned about 
whether children get along well with peers.

Previous studies have reported that specific executive 
functions are associated with specific behaviours. For ex-
ample, working memory was associated with inattention 
and impulsivity in children with a history of institutional 
rearing and those without at aged 12 years.24 We also found 
that working memory was associated with hyperactivity 
problems. Children with low working memory may have 
difficulties in storing and processing multiple sources of in-
formation, which may further impede them to stay on tasks 
and accomplish their work.25

Our study suggests that metacognition difficulties no lon-
ger mediated the relationship between neonatal hypoglycae-
mia and peer problems after controlling for IQ at age 4 years 
6 months. This is consistent with previous reports that intel-
ligence is associated with the mediator (executive function) 
in children aged 11 to 12 years26 and outcomes (behaviour 
problems) in preterm- born children aged 9 to 16 years.27

Our study has several strengths, including the prospec-
tive design, large sample size, and the use of standardized 
and validated neuropsychological measures. There are also 
several limitations. First, results of this cohort study de-
scribe the relationships between neonatal hypoglycaemia, 
executive function, and behaviour problems but we cannot 
conclude that these relationships are causal. Second, the 

Measures Hypoglycaemia n No hypoglycaemia n
Adjusted mean 
difference or ORa 95% CI p

Hyperactivity ≥6 74 (26) 285 42 (26) 162 1.12 0.66– 1.89 0.671

Conduct ≥3 63 (22) 285 24 (15) 162 1.75 0.95– 3.21 0.071

Emotion ≥5 38 (13) 285 27 (17) 162 0.77 0.43– 1.41 0.403

Peer ≥5 47 (17) 285 35 (22) 162 0.74 0.42– 1.30 0.299

Prosocial ≤5 59 (21) 285 39 (24) 162 0.74 0.43– 1.27 0.277

Data are mean (SD), n (%), adjusted mean difference, adjusted odds ratios (OR), 95% confidence intervals (CI).
Abbreviations: AST, Attention Switching task; BRI, Behavioral Regulation Index; GEC, Global Executive Composite; MI, Metacognition Index; OTS, One Touch Stockings of 
Cambridge; SST, Stop Signal task; SWM, Spatial Working Memory.
aAdjusted for New Zealand Deprivation Index, sex, primary risk factor for neonatal hypoglycaemia, and IQ at 4 years 6 months.

T A B L E  2  (Continued)
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8 |   DAI et al.

F I G U R E  1  Relationships between (a) frequency and (b) severity of neonatal hypoglycaemia, and questionnaire- based executive function and 
behaviour problems at 9 years of age. Odds ratios and 95% confidence intervals (CI) are shown using the normoglycaemia group as the comparator and 
are adjusted for New Zealand Deprivation Index, sex, primary risk factor for neonatal hypoglycaemia, and IQ at 4 years 6 months. Hypoglycaemia is 
defined as at least one hypoglycaemic event, defined as the sum of non- concurrent hypoglycaemic and interstitial episodes more than 20 minutes apart; a 
hypoglycaemic episode is defined as at least one consecutive blood glucose concentration <2.6 mmoL/L, and an interstitial episode as interstitial glucose 
concentrations <2.6 mmoL/L for 10 minutes; a mild hypoglycaemia event is defined as mild hypoglycaemic events ≥2.0– 2.5 mmoL/L only; a severe 
hypoglycaemia event is defined as at least one severe hypoglycaemic event <2.0 mmoL/L; clinically undetected hypoglycaemia is defined as at least one 
hypoglycaemic event but no hypoglycaemic episodes. Abbreviations: BRI, Behavior Regulation Index; BRIEF, Behavior Rating Inventory of Executive 
Function; GEC, Global Executive Composite; MI, Metacognition Index; SDQ, Strengths and Difficulties Questionnaire

(a) Frequency of hypoglycaemia (b) Severity of hypoglycaemia 
p
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EXECUTIVE FUNCTION AND BEHAVIOUR PROBLEMS IN SCHOOL- AGE CHILDREN BORN AT RISK 
OF NEONATAL HYPOGLYCAEMIA
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large number of analyses undertaken may pose a risk of type 
I error, although we had prospectively hypothesized that 
executive function and behaviour problems were related to 
hypoglycaemia on the basis of our findings at age 4 years 
6 months.10 The relationship between executive function 
and behaviour problems has also been established in chil-
dren with other clinical conditions.29 Third, to keep the as-
sessment to a manageable length, and because we had found 
no association between cognitive assessments and hypogly-
caemia at earlier ages in this cohort,10,14 we did not include 
a concurrent assessment of overall cognitive ability. Since 
IQ may change over time particularly during early to mid- 
childhood,28 it may have been optimal to assess children's IQ 
at the same time as the other assessments, but in the current 
analyses adjustment for IQ measured at 4 years 6 months 
had little effect on the findings. Fourth, the Behavior Rating 
Inventory of Executive Function has been reported to have 
low to moderate interrater reliability16 and to be suscepti-
ble to responder bias,30 which may affect its reliability and 
validity.

This study demonstrates the importance of assessing spe-
cific aspects of neurocognitive functioning and behaviour in 

children exposed to neonatal hypoglycaemia to avoid miss-
ing important difficulties that these children may face in 
later childhood.

CONCLUSION

Neonatal hypoglycaemia is associated with specific difficul-
ties in metacognition skills and peer and conduct problems 
as reported by parents and teachers at 9 to 10 years of age, 
but not with performance- based executive function. Both 
performance- based and parent- reported executive function 
difficulties are associated with behaviour problems.

AC K NOW L E D G M E N T S
The members of the CHYLD Study Group are as follows: 
steering group— Jane Alsweiler, Gavin Brown, J Geoffrey 
Chase, Gregory Gamble, Jane Harding, Deborah Harris, Peter 
Keegan, Christopher McKinlay, Benjamin Thompson, and 
Trecia Wouldes; international advisory committee— Heidi 
Feldman, William Hay, Robert Hess, and Darrell Wilson; 
data collection— Darren Dai, Jocelyn Ledger, Stephanie 

F I G U R E  2  Mediation models of the indirect effect of frequency and severity of hypoglycaemic events on behaviour problems through executive 
function without adjustment for Full- Scale IQ at 4 years 6 months. Measures of the indirect effect include the bootstrapped 95% confidence intervals 
(CI). B, unstandardized regression coefficient; SE, standard error. Hypoglycaemia is defined as at least one hypoglycaemic event, defined as the sum of 
non- concurrent hypoglycaemic and interstitial episodes more than 20 minutes apart; a hypoglycaemic episode is defined as at least one consecutive blood 
glucose concentration <2.6 mmoL/L, and an interstitial episode as interstitial glucose concentrations <2.6 mmoL/L for 10 minutes; a mild hypoglycaemia 
event is defined as mild hypoglycaemic events ≥2.0– 2.5 mmoL/L only; a severe hypoglycaemia event defined as at least one severe hypoglycaemic 
event <2.0 mmoL/L. Adjusted for New Zealand Deprivation Index, sex, and primary risk factor for neonatal hypoglycaemia. Abbreviations: BRIEF, 
Behavior Rating Inventory of Executive Function; SDQ, Strengths and Difficulties Questionnaire

B = 0.06 (SE = 0.01)
95% CI = 0.04–0.08

p < 0.001

BRIEF – Parent 
Metacognition Index

B = 1.59 (SE = 0.68)
95% CI = 0.24–2.93

p = 0.021

B = 0.25 (SE = 0.13)
95% CI = –0.003 to 0.51

p = 0.053

SDQ – Parent
peer problem

Frequency of 
hypoglycaemia

Indirect effect 
B = 0.09 (SE = 0.05)
95% CI = 0.01–0.19

B = 0.06 (SE = 0.01)
95% CI = 0.04–0.08

p < 0.001

BRIEF – Parent 
Metacognition Index

B = 1.74 (SE = 0.73)
95% CI = 0.32–3.17

p = 0.017

B = 0.21 (SE = 0.14)
95% CI = –0.06 to 0.48

p = 0.130

SDQ – Parent
peer problem

Severity of 
hypoglycaemia

Indirect effect 
B = 0.10 (SE = 0.05)
95% CI = 0.02–0.21
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