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Abstract
The long-term consequences of transient neonatal hypoglycemia are sparsely studied. We performed a follow-up of a cohort of
neonates with blood glucose recordings < 1.7 mmol/L (< 30 mg/dL), treated with > 2.5 mmol/L (>45 mg/dL), compared with
healthy siblings. Exclusion criteria were gestational age < 35 weeks, severe asphyxia, head injury, and other cerebral diseases. In
71 children with neonatal hypoglycemia and 32 control siblings, Wechsler IV cognitive test, Movement ABC-2 test, and Child
Behavior Checklist were performed at mean age 7.75 and 9.17 years, respectively. No significant changes were detected for
cognitive function by using Wechsler IV or for behavior by using Child Behavior Checklist. In univariate analysis, the hypo-
glycemia group had lower age-adjusted fine motor scores by using the Movement ABC-2 test compared with control siblings,
42.6+31.2 vs. 57.24+30.8 percentile (p =0.03). In the sibling-paired analysis, the decrease in total motor score was highly
significant, p = 0.009, driven by a decrease in fine motor score, p = 0.008. In the hypoglycemia group, adjusted analysis showed a
lower fine motor function for boys, 5=—16.4, p =0.048.

Conclusion: Neonatal hypoglycemia treated with > 2.5 mmol/L was associated with lower fine motor scores within the normal
range, particularly in boys. No associations with cognitive function or behavior were detected.

What is Known:
* Transient neonatal hypoglycemia is associated with acute neurologic dysfunction and long-term neurodevelopment impairment in 18 months of age.

What is New:
* Neonatal hypoglycemia treated with > 2.5 mmol/L is associated with lower fine motor function within the normal range, particularly in boys, but not to
changes in cognitive function or behavior.
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Abbreviations

CBCL Child Behavior Checklist

GA Gestational age

LGA Large for gestational age
Movement ABC-2 Movement Assessment

Battery for Children 2

Small for gestational age
Wechsler’s intelligence

scale for children fourth edition

SGA
WISC-IV

Transitional low plasma glucose concentration is a physiolog-
ical event during the first 1-3 days of life in term-born neo-
nates, but in risk groups may be more prolonged and more
severe [1, 2]. Hypoglycemia is associated with acute neuro-
logic dysfunction and long-term neurodevelopment impair-
ment in a small but significant group of neonates [3—5].

There is no universal consensus on a “safe” blood glucose
level for newborn infants, partly because individual suscepti-
bility to brain injury varies with factors such as gestational age
(GA), the presence of comorbid conditions, and the ability of
the infant to produce and use alternative cerebral fuels [6].
Risk groups for deeper and/or prolonged hypoglycemia are
defined by conditions with small glycogen stores, e.g., prema-
turity, intrauterine growth retardation, small for gestational
age (SGA), dysmaturity and low birth weight, or conditions
with high glucose utilization including infants of mothers with
diabetes, asphyxia, and septicemia. Large for gestational age
(LGA) is often considered to be an independent risk factor,
although this in some cases may represent undiscovered ges-
tational diabetes.

Impaired cerebral outcome in neonates at risk of hypogly-
cemia may be caused not only by hypoglycemia but also by
the underlying risk factor. In addition, socioeconomic factors
have been associated with neurodevelopmental performance
[1, 7-16]. Most guidelines focus to prevent and treat hypogly-
cemia in neonates at risk, mainly aiming to keep blood glu-
cose above 2.5 mmol/L (45 mg/dL) after the physiological
nadir in the first hours of life [11, 12, 17]. In a recent random-
ized controlled trial (RCT) in at-risk neonates > 35 weeks
without hypoglycemic symptoms, no difference in
neurodevelopmental outcome was observed at 18 months be-
tween groups with an intervention threshold < 2.0 mmol/L vs.
<2.6 mmol/L [18]. On the other hand, at-risk neonates with
glucose values < 2.0 mmol/L had lower visual-motor and ex-
ecutive function at 4.5-year follow-up compared with at-risk
neonates with normoglycemia [19].

We aimed to evaluate the impact of transient moderate or
severe neonatal hypoglycemia with a longer follow-up to 6—
9 years of age with determination of cognitive, motor, and
behavioral scores.
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Patients and methods

Our observational follow-up study was based on a co-
hort of neonates admitted to the neonatal ward at Hans
Christian Andersen Children’s Hospital at Odense
University Hospital from August 1, 2004 to August 1,
2008. The hospital is a tertiary regional public hospital
with approximately 4500 births/year. At the time of the
inclusion period, children at risk of hypoglycemia had
early feeding and supplemental feeds to prevent hypo-
glycemia, were monitored with repeat blood glucose
samplings, and were treated aiming to maintain blood
glucose above 2.5 mmol/L by oral feeds or i.v. glucose.

Hospital files with any diagnosis of neonatal hypoglycemia
(WHO IDC10 diagnosis codes DP 70.0-70.9) were retrospec-
tively retrieved for validation of the hypoglycemia diagnosis,
blood glucose recordings, inclusion/exclusion criteria, and hy-
poglycemia risk factors.

Study inclusion criteria were one or more episodes of
moderate or severe hypoglycemia, defined as blood glu-
cose before 2 h of age between 0.5 and 1.0 mmol/L (0-
18 mg/dL; moderate), or below 0.5 mmol/L (9 mg/dL;
severe); and from 2 h onwards 1.0-1.6 mmol/L (18-
29 mg/dL; moderate), or below 1.0 mmol/L (severe).
Exclusion criteria were 1) GA <35+ 0 weeks + days,
2) severe asphyxia (cord pH< 7.0, base excess <—
15.0, or Apgar score 0-3/1 min), and 3) hospitalizations
until follow-up for head injury, meningitis, or any other
known potential cerebral damaging condition. These ex-
clusion criteria were chosen to reduce the impact of
comorbid conditions on the cerebral outcome.

From the hospital files, the following data were extracted:
GA (weeks + days), birth weight (g), umbilical cord blood pH
and base excess (mmol/L), Apgar score at 1 and 5 min, ma-
ternal diabetes, and number of recorded moderate-severe hy-
poglycemic episodes. Hypoglycemia risk groups were defined
as follows: maternal diabetes (any kind), mild-moderate as-
phyxia (cord pH 7.0-7.1 or base excess — 10 to — 15), late
preterm birth (GA 35 + 0 to 36 + 6), and SGA and LGA (birth
weight exceeding =2 SD). The diagnoses of maternal diabe-
tes, asphyxia, preterm birth, SGA, and LGA were validated
from the files and hence not only based on discharge diagnosis
codes. We did not have permission to access the mothers’ files
to check missing information on gestational diabetes in the
neonatal files.

Follow-up examinations were performed at child age 6—
9 years. As an internal control, all healthy siblings aged 3—
16 years without any hospital records of neonatal hypoglyce-
mia and without any exclusion criteria were invited to partic-
ipate in the same setup. Healthy siblings were chosen as con-
trols to minimize genetic and environmental factors. No par-
ticipant in the hypoglycemia group had more than one eligible
sibling, and no eligible siblings declined to participate in the
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study. Age and sex differences were overcome by formal test-
ing with results expressed in age- and sex-depending percen-
tiles according to normative population data. To be included
as sibling, a minimum of one test should be performed,
allowing inclusion if another test could not be performed in
case of inappropriate low age or difficulties with corporation.

Measures and procedures

Cognitive function was evaluated using Wechsler’s intelli-
gence scale for children fourth edition (WISC-1V) [13].
Motor function was evaluated using Movement Assessment
Battery for Children 2 (Movement ABC-2) [20]. Behavior
was evaluated using the parental questionnaire Achenbach
Child Behavior Checklist (CBCL) [14, 15]. A single pediatric
psychologist with experience in examining children conduct-
ed the WISC-IV testing and scoring. The examiner was
blinded with regard to all clinical data and participant group.
The participants were excluded from WISC-1V, if they had
performed a similar test before, but still, they participated in
the remaining test program. Two physiotherapists with exper-
tise in children conducted the Movement ABC-2 testing and
did the final scoring. The examiners were likewise blinded.

Statistical methods

The association between neonatal hypoglycemia and out-
comes was evaluated by stratifying for hypoglycemia severity
by lowest recorded blood glucose value. Comparisons be-
tween groups were performed using the Student 7 test, or x*
test/Fisher’s exact test where appropriate. Paired ¢ test was
used to compare siblings.

For all children, the outcome measures were analyzed
for the effect of the following explanatory factors in re-
gression models: maternal, paternal and highest parental
education, breastfeeding, hypoglycemia, and child’s sex.
We accounted for clustering due to siblings in our linear
regression analysis. In multivariable analysis for all chil-
dren, we included variables with a univariate p value <
0.10 for any outcome and backwards-eliminated vari-
ables with the highest p value. The final model included
hypoglycemia, mothers’ education level, and child sex,
applied on all children and split on the hypoglycemia
group and the control group. Statistical significance was
assumed for a p value <0.05. Data were analyzed using
Stata (StataCorp, College Station, TX, USA).

IQ score by using WISC-IV was a priori chosen as the
primary outcome. A power calculation (alpha 0.05, beta 1—
0.80, n=103, WISC-IV SD = 15 points, n = 103) showed that
our study was powered to detect a true difference in 1Q score
of 8.4 points or above.

Results

The study included 103 children, of which 71 (37% girls, n =26
and 63% boys, n =45) had neonatal hypoglycemia and follow-
up investigations (Fig. 1). The predominant hypoglycemia risk
groups were maternal diabetes (n=16) and SGA (n=17),
followed by prematurity, asphyxia, and LGA (n=8, 5, and 4,
respectively). Twenty-one neonates had no identifiable risk
group. None of the included patients had seizures, encephalopa-
thy, or a later diagnosis of hormonal or metabolic disease, and
none was treated with other medication than i.v. glucose. The
median (range) age at follow-up was 7.75 (6.0-8.45) years.

The internal control group consisted of 32 healthy siblings
(43% girls and 57% boys) without neonatal hypoglycemia and
no other hypoglycemia risk group assignment at a median age
0f9.17 (3.75-16.0) years. The neonatal characteristics of chil-
dren with and without hypoglycemia are listed in Table 1. The
outcome scores at follow-up for WISC-IV, Movement ABC-
2, and CBCL are presented in Table 2.

WISC-IV associations

In the hypoglycemia group, five (7%) had a full-scale IQ in
the range 71-79, which denotes to below average. They all
had moderate hypoglycemia, none had known risk factor, and
none of them had siblings enrolled. In contrast, none of the
siblings had an IQ below average. The mean (95% CI) full-
scale 1Q score was 96.8 (93.3-99.8) in the hypoglycemia
group. Although this IQ score was 3.2 points lower compared
with the normative population, no significant differences were
found from sibling controls, neither when comparing paired
siblings. No difference in full IQ was observed between those
with moderate vs. severe hypoglycemia, and no differences
were seen in any of the WISC-IV subtests between the groups.

We analyzed whether the individual hypoglycemia risk fac-
tors affected the outcomes differentially for children with neona-
tal hypoglycemia. No differences in 1Q score were found when
comparing the hypoglycemia risk groups (each or pooled) with
siblings, or children with hypoglycemia with and without an
identified hypoglycemia risk (Table 3 and Table 4).

We further analyzed whether hypoglycemia and other
baseline parameters associated with the outcomes for the total
of the children with hypoglycemia and siblings. In the
univariable regressions, the level of mother’s education affect-
ed the mean total 1Q score (test for trend p = 0.02) in a seem-
ingly U-shaped pattern (Table 4). No associations were seen
on father’s educational level, breastfeeding, child sex, or hy-
poglycemia status. In the multivariable regression analysis,
the mother’s educational level associated likewise with the
total IQ score, which is the only significant association
(Table 5). This association was driven by a trend in the hypo-
glycemia group (p = 0.09).
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Fig. 1 Participants inclusion
flowchart

Movement ABC-2 associations

Neonatal diagnosis code
of hypoglycaemia, n=727

Excluded due to gestational age
<35+0 weeks + days, severe
asphyxia, no confirmed
hypoglycaemia in files, or mild
hypoglycemia, n=540

Neonates with confirmed moderate
or severe hypoglycaemia, no neonatal
exclusion criteria, n=187

History of potential cerebral
damage of other course at
follow-up, n=0

Declined to follow-up, n=116

Participation
at follow-up,
n=71

Participation without Participation

sibling, n=39

plus sibling, n=32

In the Movement ABC-2 test, full-scale motor impairment
defined as score < 15th percentile was seen in 9 in the hypo-
glycemia group and in 2 controls. Subtests scores below the

8th percentile were only seen in the hypoglycemia group.
These differences did not reach significance. The hypoglyce-
mia group had a lower fine motor score compared with con-
trols, 42.6 £ 31.2 vs. 57.2 £ 30.8 percentile, p = 0.03 (Table 2).
No differences were seen in gross motor score or balance.

Table 1 Neonatal characteristics of 103 children with and without hypoglycemia

Hypoglycemia group Control siblings P Hypoglycemia group p
N=71 N=32 value value
Moderate* Severe**
hypoglycemia hypoglycemia
Girls/boys (n/n) 26/45 15/17 032  9/10 18/35 0.43
Gestational age (weeks + 38+2.1 38+1.6 094 39+19 38+2.6 0.64
days)
Base excess (mmol/L) —4.1+4.6 —34+48 0.40 —44+£49 —33+49 0.38
Cord pH 72+0.1 72+0.1 089 7.2+0.1 73+0.1 0.56
Birth weight (g) 3178 +898 3439 +638 020  3234+912 3085 +822 0.48
Apgar at 1 min 88+1.5 9.0+1.2 057 8.6%1.6 89+1.5 0.45
Apgar at 5 min 9.7+0.6 9.0+0.6 033 9.7+07 9.6+0.7 0.83
Hypoglycemic episodes (1) 1.7+£1.0 0 - 1.5+1.0 244+1.6 0.001

Values are in mean + 1SD if not otherwise stated. Significant p values are italicized
*Age <2 h, blood glucose 0.5-1.0 mmol/L; age >2 h, blood glucose 1.0—1.6 mmol/L
**Age <2 h, blood glucose < 0.5 mmol/L; age >2 h, blood glucose < 1.0 mmol/L. All values except child sex are expressed as mean + SD
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Table 3

Univariable analysis of associations between the hypoglycemia group and siblings, overall and by risk groups

Total 1Q score

Total motor function

Fine motor function CBCL internalizing

B(95% CI)* pvalue B (95% CI* pvalue [(95% CI)* p value [3(95% CIy* p value

Siblings, baseline 99.7 (95.0; 104.4) 60.7 (49.2; 72.5) 57.2 (45.5; 68.1) 54.7 (30.6; 86.9)

Any risk group 0.86 0.30 0.34 0.42
Maternal diabetes —3.8(-11.8;4.2) 035 2.1(—19.1;23.4) 0.83 —4.0(-254;17.6)  0.70 39(-153;239) 0.69
Asphyxia —24(-14.6;9.5) 0.67 —16.5(-19.2;23.5) 0.28 —25.7(=553;4.2) 0.10 5.6 (—19.7;31.8)  0.35
Premature 0.1(-10.1,9.8) 098 —11.9 (—38.0; 14.3) 0.37 —-11.7(=37.2; 14.8) 037 1.8 (—26.1;30.5) 0.89
SGA —32(-11.3;4.9) 042 -11.2(=31.2;74) 022 —14.5(=33.4;4.6) 0.13 19.0 (1.5; 38.4) 0.04
LGA —9.7(-248;5.3) 0.20 —11.8(—44.3;21.9) 0.50 —22.4(—558;104) 0.18 —85(—245;322) 055
No identified risk group —2.2(=9.4;4.9) 0.53 —20.9(=389;-2.9) 0.02 —17.6 (—=35.4;0.2) 0.05 1.8(—15.7;194) 0.83

*Except for baseline values, significant values are italicized

SGA, small for gestational age; LGA, Large for gestational age

In the sibling-paired analysis, the decrease in total motor
score was highly significant, p =0.009, driven by a decrease
in fine motor score, p = 0.008. No differences were seen be-
tween the moderate vs. severe hypoglycemia groups. Within
the hypoglycemia group, no differences in total or fine motor
score were found for the individual hypoglycemia risk factor
compared with siblings (Table 3).

When pooling all participants in search for univariable as-
sociations, an impression of a U-shaped relation between ma-
ternal educational level and offspring total motor function was
seen (Table 4). Boys had lower total and fine motor scores
compared with girls. Hypoglycemia was associated with a
significantly lower fine motor score. No associations were
seen on breastfeeding.

Multivariable regression analysis showed a reduced fine
motor function in boys, 3=—13.2, p=0.04, but no indepen-
dent association with hypoglycemia (Table 5). Test for inter-
action between sex and group by hypoglycemia was non-sig-
nificant. In the adjusted subgroup analysis, the fine motor
function was significantly lower for boys in the hypoglycemia
group, S=—16.4, p=0.048, with no impact of sex in the
control group.

CBCL internalizing associations

In the child mental health test CBCL, no differences were
observed between the hypoglycemia group and the control
group, in the sibling-paired analysis, or when comparing mod-
erate vs. severe hypoglycemia (Table 2). An internalizing T-
score denoting borderline (60—70), or pathologic (> 70) score,
was seen in six, and twelve, children in the hypoglycemia
group vs. three, and one, in controls (non-significant
differences).

The CBCL score did not differ between neonatal risk factor
groups, except for hypoglycemic neonates with SGA, who

@ Springer

had a higher internalizing score (Table 3). No difference was
seen between those with an identified risk group compared
with no risk assignment. No associations were found on pa-
rental education, breastfeeding, or hypoglycemia in the anal-
ysis of all participants (Table 4).

Discussion

In this 6-9-year follow-up of children with moderate-severe
neonatal hypoglycemia and their healthy siblings, no differ-
ences in IQ score, motor function scores, or behavioral scores
were seen between the groups in adjusted analyses. Among
the children with neonatal hypoglycemia, boys had signifi-
cantly lower fine motor score and girls had higher CBCL
internalizing scores in adjusted analyses, however, within
the normal range. Neonatal hypoglycemia was not associated
with an increased risk of neurodevelopmental impairment or
borderline/pathological internalizing score.

Many observational studies have demonstrated
neurodevelopmental impairment and/or abnormal MRI scan of
the brain after neonatal hypoglycemia, depending on the severity,
duration, and comorbid factors [3, 16, 23-25]. High-evidence
clinical studies on the cerebral outcome after neonatal transient
hypoglycemia are sparse. In the recent Dutch RCT, no differ-
ences were seen in at-risk neonates randomized to intervention
threshold <2.0 mmol/L vs. <2.6 mmol/L at 18 months of
follow-up [18]. However, the two groups had similar mean glu-
cose values during the first 2 days (3.2 vs. 3.4 mmol/L), and the
follow-up time was relatively short. The low-threshold group had
more episodes of recurrent and of severe hypoglycemia, which
impact may only become overt after a longer follow-up time.

The importance of longer follow-up time was overt in the
hypoglycemia studies from New Zealand. In an RCT, oral
dextrose was more successful in preventing repeat
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Table 5 Multivariable analyses for specific parameters for all children with and without hypoglycemia
Total IQ score Total motor function Fine motor function CBCL internalizing
Adjusted 5 (95% p Adjusted /3 (95% P Adjusted 5 (95% p Adjusted /3 (95% p
CIh* value CI)* value CI)* value Cl)ss value
A: All children
Mother’s education 0.03 0.19 0.26 0.03
High school 103.6 (89.3; 118.3) 72.8 (39.6; 105.9) 62.9 (29.8; 96.1) 46.1 (16.7; 75.6)
(baseline)
Plus 1-2 years -6.1(-20.1;83) 038 —54(-37.8;27.1) 0.74 09(-314;33.3) 095 143(—-11.3;399) 026
Plus 34 years -7.0(-=214,77) 033 —16.6(-494;16.1) 031 —7.5(-403;252) 0.65 17.3(—8.7;43.3) 0.18
Plus 5-7 years 7.1 (—8.1;22.6) 036  13.5(-234;50.6) 046 21.4(-15.6;585) 025 9.4(-189;37.8) 0.51
Not answered -50(-188;95) 047 —-6.1(-384;263) 071 -0.8(-33.2;31.5) 096 19.4(-104;492) 0.19
Male sex - 1.1(-6.0; 8.3) 066 —12.4(=257;0.7) 0.06 —132(-26.2; 0.04 —13.4(-248;-2.1) 0.02
-02
Hypoglycemia -22(=75;33) 041 -94(-232;44) 0.18 —113 ()* 25.1;2.3) 010 83(—74;24.1) 0.3
B: Hypoglycemia
Mother’s education 0.09 0.34 0.20 0.78
High school 101.3 (87.4;115.2) 65.2 (19.1;91.6) 53.1(17.5; 88.6) 53.6 (—27.3; - 0.46)
(baseline)
Plus 1-2 years -65(-213;84) 039 —42(=37.2;29.2) 080 0.4 (—33.7;34.6) 098 169 (—9.6;48.2) 0.24
Plus 34 years -73(=224;76) 033 -16.8(=50.2;16.1) 032 —-79(-41.6;257) 0.63  19.3(—9.6;48.2) 0.18
Plus 5-7 years 8.1 (—8.7;25.0) 034 144(—263;551) 048 299(-10.2;70.2) 0.14 12.7(-19.6;442) 042
Not answered -49(-19.8;9.8) 050 —53(=39.8;281) 075 —-03(=339;332) 098 19.7(-14.9;53.2) 025
Male sex -0.1(-6.1;6.2) 097 —159(=322;1.7) 0.065 -16.4(—32.8;0.13) 0.048 —13.7(=27.6-0.46) 0.044
C: Healthy siblings
Mother’s education 0.41 0.66 0.92 0.13
High school 100.5 (—13.9; 5.7) 64.3 (41.6; 86.9) 60.0 (30.1; 18.9) 60.2 (41.7; 78.6)
(baseline)
Plus 1-2 years - - - - - - - -
Plus 34 years -04(-12.1;11.2) 093 —1.1(-29.9;27.7) 093 3.1(-259;32.2) 0.82  8.1(-27.3;20.9) 0.41
Plus 5-7 years 0.6 (—13.9; 15.3) 092 —11.8(-47.3;238) 050 —7.7(—43.9-288) 0.67 —32(-27.3;209) 0.73
Not answered - - 18.0 (—24.3;60.3) 039 - - —14.4(=23.6;5.8) 0.12
Male sex -41(-139;57) 040 —-59(=31.2-193) 063 —-65(-322;189) 056 —42(-244-16.1) 0.57

*Except for baseline values, significant and trend p values are italicized

hypoglycemia than placebo [21], but no difference in adverse
neurodevelopmental outcome defined as scores < 1 SD, blind-
ness, deafness or cerebral palsy were found at 2 years of
follow-up [22]. From the same hospital’s background cohort
of 528 at-risk neonates (primarily GA 35 + 0 to 36 + 6 weeks,
weight <10 Ib or >90 Ib for GA, or maternal diabetes), the
neurodevelopmental outcome at the age of 2 years was com-
parable between those with hypoglycemia (< 2.6 mmol/L) and
those without [23]. At 4.5 years of follow-up, the combined
neurosensory impairment outcome was likewise not associat-
ed with hypoglycemia, but impaired executive and visual-
motor functions were observed with especially increased risk
for those with severe (< 2.0 mmol/L), recurrent, or clinically
undetected episodes [19]. These findings gave concern of im-
paired later learning capability.

@ Springer

Our study was smaller, but with a longer follow-up time
and with an inclusion criteria of more severe neonatal hypo-
glycemia (< 1.7 mmol/L after 2 h). In both the New Zealand
study and our study, the neonates were treated to avoid repeat
blood glucoses below 2.5-2.6 mmol/L, and the risk groups
were largely comparable. Our data supports the conclusion
from the New Zealand cohort that short-lasting neonatal hy-
poglycemia does not result in significant adverse
neurodevelopmental outcome.

Hypoglycemia risk factors

Our data did not support that any of the individual hypogly-
cemia risk groups, or the pooled group of children with a risk
hypoglycemia factor, had adverse cerebral outcome. In
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contrast, McKinlay et al. [23] detected adverse neurological
outcome (< 1 SD) in 42% of the at-risk children with or with-
out blood glucose below 2.6 mmol/L. Interestingly, the au-
thors also found that those with maximal interstitial glucose
concentration by continuous monitoring above the median
had a higher risk of adverse neurological outcome.

Adverse adjusted associations with neonatal hypoglycemia
< 1.7 mmol/L have been detected in neonates with more pro-
found perinatal risk, e.g., GA < 35 weeks. Kerstjens et al. [16]
showed significantly increased adjusted odds ratio for devel-
opmental delay for late preterms (GA 32 + 0 to 35 + 6 weeks)
with blood glucose < 1.1 mmol/L by using the parental Ages
and Stages Questionnaire (ASQ) at 46 months of age. No
significant associations were seen on specific ASQ domains
(fine or gross motor, communication, problem-solving, per-
sonal-social). We were not able to detect any trend with re-
spect to hypoglycemia severity, which may be attributed to a
more rapid correction of hypoglycemia, a higher GA, or lower
study power.

In maternal diabetes, term neonates with hypoglycemia
down to 0.0-1.5 mmol/L had adverse neurodevelopmental
outcome for those aged 7-8 years compared with
normoglycemic offspring and healthy controls, including
Gilberg’s test for minimal brain damage, Movement ABC,
and Griffith’s mental development scales [25]. More recently,
Kaiser et al. found adjusted associations between early tran-
sient hypoglycemia (<2.5 mmol/L <3 h of age) and school
performance at 10 years of follow-up in 1395 children with
GA down to 23 weeks [26].

For the individual risk factors, we detected a univariate
association between SGA and a higher CBCL internalizing
score within the normal range. Others have shown psycholog-
ical association in SGA children, including increased anxiety
and depression in adults born SGA and with extremely/very
low birth weight [27], and adjusted associations between
SGA, but not GA, and lower ASQ scores at 46 months [16].

A relatively large part of our neonates had no identifiable
risk factor. We assume that infrequent recording of maternal
gestational diabetes status in the neonatal files was a dominant
explanation, although children without any known risk factor
also may develop hypoglycemia.

Sex-differential vulnerability to hypoglycemia

The adjusted significant associations with lower fine motor
score for boys within our hypoglycemia group suggested a
sex-differential vulnerability to neonatal hypoglycemia. No
differences were seen between child sexes for the healthy
controls in accordance with the test protocols. Although the
siblings group was smaller and potentially underpowered for
statistical analysis, the beta coefficients for fine motor func-
tion and internalizing were less than half compared with the
hypoglycemia group. Others have found adverse neurological

outcome in boys with a perinatal risk factor. In late preterms,
male sex independently associated with abnormal parental
ASQ at 46-month-old late preterms, irrespective of hypogly-
cemia status [16].

Other late preterm studies support the susceptibility of
males to adverse neurodevelopmental outcomes as
reviewed by Baron et al. [28], but without data on hy-
poglycemia as the eventual additional risk factor and
with no data on motor function and behavior. For mater-
nal type 1 diabetes, male sex increases the risk of lower
IQ in adult offspring in adjusted analysis, whereas neo-
natal hypoglycemia had no impact [29]. More studies are
needed on sex-differential adverse outcomes in perinatal
risk groups and neonates with hypoglycemia.

Lastly, our adjusted analysis identified an indepen-
dent seemingly U-shaped association between maternal
educational level and IQ score of the children. Parental
educational level, or income, is routinely considered
markers for IQ, which shows strong correlations with
offspring 1Q scores [30, 31]. Contrasting higher off-
spring 1Q for mothers with the lowest education may
be explained by ongoing education, or increased stimu-
lation of verbal skills by home-going or short-time
working mothers [32, 33].

Limitations of our study included the observational, retro-
spective design and the relatively small cohort size which was
underpowered to detect a difference in IQ score difference of
3. Differences in secondary outcomes were subjected to risk
of chance findings from multiple testing. Moreover, the non-
participant rate was 62% (116/187 of the eligible children).
However, included participants had parents of all educational
levels, suggesting representativeness from the background
population. We did not consider age difference between the
hypoglycemia group and their siblings as a limitation, as all
outcome score values were standardized for age.

Strengths included hospital file review of the neonatal hy-
poglycemia data, follow-up data on subsequent brain injuries
or diseases that would meet exclusion criteria, the use of
healthy siblings as controls, the detailed outcome testing,
and adjustment for potential confounders, including parental
educational level.

Conclusion

In neonates without other severe risk factors for
neurodevelopmental impairment but hypoglycemia <
1.7 mmol/L treated with >2.5 mmol/L, we only detected a
lower fine motor function within the normal range at follow-
up, especially in boys. No changes in cognitive function or
behavior were found. More and larger studies on sex-
differential neurodevelopmental outcome in neonates with hy-
poglycemia and perinatal risk factors are needed.

@ Springer
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