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Aims: To evaluate the effects of transient hypoglycaemia on the first day of life in 75 healthy term large for
gestational age (LGA) infants, born to non-diabetic mothers, on their neurodevelopmental outcome at the
age of 4 years.
Methods: Screening for hypoglycaemia was performed 1, 3, and 5 hours after birth, and continued if blood
glucose levels were low. Treatment with intravenous glucose for hypoglycaemia was started if hypoglycaemia
was severe or symptomatic. Patients’ development and behaviour was examined at the age of 4 years by the
Denver Developmental Scale, a non-verbal intelligence test, and the Child Behaviour Check List.
Results: There were no significant differences between children with neonatal normoglycaemia (n = 15)
and hypoglycaemia (plasma glucose ,2.2 mmol/l 1 hour after birth, or ,2.5 mmol/l subsequently;
n = 60) in Denver developmental scale scores and child behaviour checklist scores. Although total IQ did
not differ between hypoglycaemic and normoglycaemic children, one subscale (reasoning) did (mean
difference 9.3, 95% CI 1.3 to 17.2). The correlation between reasoning IQ and neonatal blood glucose
levels was weak and not statistically significant. When other definitions for hypoglycaemia were applied,
the difference in reasoning IQ was not found. There were no differences in any of the test scores between
hypoglycaemic children who had and who had not been treated with intravenous glucose.
Conclusion: Transient mild hypoglycaemia in healthy, term LGA newborns does not appear to be harmful
to psychomotor development at the age of 4 years.

H
ypoglycaemia is a common finding in newborns, in
particular on the first day of life.1 The risk of hypogly-
caemia is increased in premature and small for gesta-

tional age (SGA) newborns, in infants of mothers with insulin
dependent or gestational diabetes, and in infants with
hyperinsulinaemia.1–4 Follow up studies of hypoglycaemic
infants from these risk groups have shown important neuro-
developmental deficits,5–8 particularly in symptomatic infants.6 8

Hypoglycaemia may also occur in up to 14% of healthy
term newborns,9–12 and in 16% of large for gestational age
(LGA) term newborns13 from non-diabetic mothers.14

Management of hypoglycaemia in term infants is con-
troversial. While it is assumed by many that hypoglycaemia
in healthy term newborns is a harmless finding not
associated with impaired psychomotor development,1 9 both
radiological and clinical neurological sequelae have been
described in term infants with severe or symptomatic
hypoglycaemia of unknown cause.4 15 16 Screening for hypo-
glycaemia has been proposed as a routine procedure for
healthy term LGA newborns, based on the assumption that
being LGA in newborns may be associated with organic
hyperinsulinism or hitherto undetected maternal diabetes.14

The lack of studies comparing neurodevelopmental out-
come between term newborns with and without hypogly-
caemia hinders meaningful interpretation of blood glucose
values in these infants.1 17 We conducted this study to
examine the effects on neurodevelopmental outcome of
hypoglycaemia and its treatment during the first day of life
in healthy, term LGA newborns.

METHODS
Patients
From the birth data of all infants, born between 1 January
1997 and 1 January1998 in our hospital (a general district
hospital with an average of 1100 births per year), LGA term
(born after 37 weeks of gestation or more) infants were
identified, and the hospital records of these infants and their

mothers were reviewed retrospectively. LGA was defined as
birth weight exceeding the 90th centile for gestational age
(adjusted for parity of the mother and gender of the infant),
according to Dutch standards (which were published in 1969
and revalidated in 1990).18 19 Infants were excluded if
maternal or infant records showed evidence of maternal
insulin dependent or gestational diabetes or severe perinatal
asphyxia (Apgar score ,3 after 1 minute or ,7 after
5 minutes). In 1997, no term LGA infants born in our
hospital suffered from severe and prolonged symptomatic
hypoglycaemia, associated with hyperinsulinism, nor from
recurrent hypoglycaemic episodes.

Data drawn from hospital records
Gestational age, parity, method of birth, sex, birth weight,
and neonatal clinical course were recorded for all infants. In
1997, the practice guideline in our hospital was to obtain
blood glucose levels 1, 3, and 5 hours after birth in infants
considered to be at risk for neonatal hypoglycaemia (includ-
ing term LGA newborns), and to follow up glucose levels if
the initial screening revealed hypoglycaemia (defined as
,2.2 mmol/l (40 mg/dl) in the first hour after birth and
,2.5 mmol/l (46 mg/dl) subsequently). Results of blood
glucose levels were obtained from hospital records and cross
checked with computer records of the hospital laboratory.
Treatment of hypoglycaemia was not standardised. The usual
policy was to recommend additional feeding with mild
(.1.5–2 mmol/l) and asymptomatic hypoglycaemia, and to
start intravenous glucose with severe (,1.5–2 mmol/l) or
symptomatic hypoglycaemia.

Blood glucose concentrations
Whole blood samples for glucose concentrations were obtained
by heel prick after warming the infant’s foot. Plasma glucose
concentrationswere determinedwithin 30minutes of obtaining
the blood sample by a glucose oxidase method (2300 STAT+YSI
analyser, Yellow Springs Instruments, Yellow Springs, OH).
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Follow up and neurodevelopmental testing
In the autumn of 2000, the current addresses of the healthy
term LGA infants born in our hospital in 1997 were traced
through municipal address registries, and the patients and
their parents were invited to return to the hospital for
neurodevelopmental testing when the child was 4 years of
age. Parents who did not respond to repeated written
invitations were contacted by telephone and asked to
participate. All participating children were examined by the
same, experienced psychological test assistant (CK) who was
blinded to the neonatal history of the patients. The children
were tested with the Dutch version20 of the Denver Deve-
lopmental Scale (DDS)21 and the Snijders-Oomen non-verbal
intelligence test (SON),22 and the parents completed the
Dutch version of the Child Behaviour Check List (CBCL).23

The DDS is a 105 item development screening instrument
with four subscales of behaviour: social, adaptive, language,
and motor behaviour. These scales are scored as definitively
normal, possibly abnormal, and definitively abnormal. The
SON is a validated general non-verbal intelligence test
designed for Dutch children between 2K and 7 years of
age. Next to a total intelligence quotient (IQ), IQs for the
subscales reasoning and spatial orientation can be derived.
The CBCL is designed as a screening instrument for
behavioural disorders, and rated as a total score and eight
subscales (withdrawal, physical complaints, anxiety/depres-
sion, social, thinking, attention problems, and delinquent
and aggressive behaviour).

Analysis
Children were categorised in three groups. Children in whom
blood glucose concentrations remained normal (that is, above
the hypoglycaemic range defined above) were classified as
normoglycaemic. Infants with hypoglycaemia during the first
day of life were classified as treated when they had received
therapy with intravenous glucose, and as untreated when
they had not. Because there is considerable uncertainty as to
the definition of hypoglycaemia in newborn infants,1 2 9 24

other definitions of hypoglycaemia were also applied to this
classification.
Differences in outcome parameters between study groups

were analysed by x2 testing for categorised variables, and by
Student’s t tests and analysis of variance for continuous
variables. Two sided p values,0.05were considered statistically
significant. Statistics were performed using SPSS for Windows
version 8.0-1 and confidence interval analysis (CIA).

Ethical considerations
The study was approved by the hospital’s ethical review
board. All parents gave written informed consent.

RESULTS
Patients
Figure 1 presents an account of the entire population of 117
eligible LGA infants. The practice guideline of obtaining and
monitoring blood glucose levels after birth in LGA infants
was followed in 87% of infants. Some addresses could not be
traced because parents divorced or moved abroad; a number
of other infants had to be excluded because parents refused
consent. Of the 117 healthy term LGA newborns born in our
hospital in 1997, 75 were tested completely and reliably at the
age of 4 years (fig 1). These 75 tested infants were
comparable to the root population of 117 infants in terms
of gestational age, birth weight, gender, parity, blood glucose
levels, frequency of hypoglycaemia, frequency of intravenous
glucose therapy and socioeconomic status (data not shown;
all p . 0.3). Table 1 gives characteristics of the study popula-
tion of 75 fully tested children. Only three children (4%) were
exclusively breast fed during the first three days of life; the

remaining children were either formula fed (n=19, 25%) or
received a combination of breast and formula feeding.

Glucose levels and glucose therapy
Distributions of plasma glucose levels are given in table 1,
and the number and percentage of hypoglycaemic children
(using different definitions of hypoglycaemia) in table 2.
Hypoglycaemia was very common among the 75 LGA
children. The lowest blood glucose levels observed during
the first five hours of life ranged from 0.6 to 3.7 mmol/l
(mean 1.9 mmol/l). Twenty seven children (36%) were
treated with intravenous glucose infusion for a mean
duration of 2.0 days (range 0.5–4 days). Plasma glucose
levels on the first day of life were lower in the 29
hypoglycaemic children who were treated with intravenous
glucose (mean 1.4, SD 0.6 mmol/l) than in the 46 who were
not (2.1, SD 0.4; 95% CI for difference 0.4 to 0.9 mmol/l).

Results of psychological tests at the age of 4 years
Total and most subscale DDS scores were definitively normal
in.90% of children. Twenty two children (29%) had possibly
abnormal motor behaviour, two were definitively abnormal

117 LGA term newborns

15 no glucose levels
determined

102 with glucose levels
checked post partum

9 address not found 16 refused
participation

1 child not tested
(severe mental deficiency,

unrelated cause)

75 children tested
completely and reliably

Figure 1 Composition of study population from original population of
117 healthy term LGA newborns. The study population of 75 tested
children was representative of the root population with respect to
demographic, socioeconomic, and clinical characteristics (including
blood glucose levels).

Table 1 Demographic and clinical characteristics of 75
healthy term LGA newborns

Characteristic No. (%)

Male sex (%) 39 (51%)
Firstborn (%) 42 (55%)
Birth

Spontaneous (%) 32 (42%)
Vacuum extraction (%) 23 (30%)
Forceps extraction (%) 4 (5%)
Caesarean section 17 (22%)

Mean birth weight in grams (SD) 4262 (250)
.P97.7 (%) 27 (36%)
P95–97.7 (%) 25 (33%)
P90–95 (%) 23 (31%)

Mean whole blood glucose in mmol/l
(SD, range)

1 h after birth 2.42 (1.07, 0.6–5.8)
3 h after birth 2.57 (0.62, 1.0–4.0)
5 h after birth 2.47 (0.63, 0.8–3.9)
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(3%). Both the total and the subscale scores of the CBCL were
normal in .90% of patients. The mean SON total IQ score was
109.2 (SD 15.7), with comparable results for both subscales.

Comparison of psychological test scores between
children with and without hypoglycaemia
Using the Zwolle definition for hypoglycaemia (table 2),
there were no significant differences between children with
and without hypoglycaemia in DDS, CBCL, and total SON-IQ
scores (table 3). There was, however, a statistically significant
difference in the SON reasoning IQ between children with
hypoglycaemia (mean (SD) 107.6 (15.0)) and those without
hypoglycaemia (116.9 (16.1), 95% CI for difference 1.3 to
17.2, p=0.023), which remained unchanged after adjusting
for perinatal complications (Apgar score ,7 after 1 minute,
hyperbilirubinaemia, use of antibiotics, or supplemental
oxygen in the first 72 hours of life) in a multiple regression
model. No significant correlation was found between the
lowest plasma glucose level and the SON reasoning IQ score
(r=0.11, p=0.33).
When using other definitions for hypoglycaemia (table 2),

there no longer was a significant difference in SON reasoning
score between hypoglycaemic and normoglycaemic infants
(all p . 0.2). Using the Srinivasan or Cornblath definitions
of hypoglycaemia as a blood glucose level ,2.0 or 1.4 mmol/l
(table 2),2 2 12 no significant differences between hypoglycae-
mic and normoglycaemic infants were found in any of the
psychological test scores at 4 years. When using the
,2.5 mmol/l criterion, children in the normoglycaemic group
had higher scores on the CBCL total (p=0.04) and
externalising behaviour subscale (p=0.01) than the hypo-
glycaemic children, indicating a poorer result in the
normoglycaemic children.

Comparison of psychological test scores between
hypoglycaemic children with and without intravenous
glucose therapy
Of the 60 children with hypoglycaemia, 27 (45%) had been
treated with intravenous glucose. There were no differences
in psychological test scores between hypoglycaemic children
who had and who had not received intravenous glucose
therapy (all p . 0.2).

DISCUSSION
This study is the first to examine the neurodevelopmental
outcome at 4 years of age in a group of healthy, term LGA
newborns with transient hypoglycaemia during the first day
of life. In the vast majority of neurodevelopmental and
behavioural tests at follow up, there were no significant
differences between children with and without hypoglycae-
mia. The only significant difference observed was in one
subscale of the SON intelligence test, namely the reasoning
score, which was on average 9.2 points higher in the normo-
glycaemic group than in the hypoglycaemic group. Such a
difference in a subscale of a test, without any difference in
the test’s total score should be interpreted very cautiously.

We argued that the difference in SON reasoning scores at
4 years between normoglycaemic and hypoglycaemic new-
borns was more likely to be real if it remained significant
after adjustment for other possible neonatal causes of
reduced IQ at the age of 4 (perinatal asphyxia and hypoxia,
hyperbilirubinaemia, and perinatal infection), was robust to
using different definitions of hypoglycaemia, and if the SON
reasoning score showed a linear relation to the lowest glucose
level found in individual patients. Although the former
appeared to be the case, none of the two latter was. When
using other definitions of hypoglycaemia (table 2), the
significant difference in SON reasoning IQ scores between
normoglycaemic and hypoglycaemic newborns disappeared,
and the only other difference observed was one in CBCL
scores (total score and one subscale), which was in the
opposite direction as expected (poorer scores in the normo-
glycaemic group). In addition, no correlation was found
between the lowest glucose level and the SON scores in
individual subjects. This suggests that mild and transient
hypoglycaemia in healthy term LGA newborns in the first few
days of life is not associated with clinically relevant
neurodevelopmental sequelae at the age of 4 years.
The limitations of our study design should be borne in

mind when interpreting its results. Firstly, it was a retro-
spective chart review study which always carries the risk of
incomplete or inaccurate data. Because the data on gesta-
tional age, birth weight, and neonatal glucose were recorded
prospectively and in computerised records, it is unlikely,
however, that this had a major influence on our results.
Moreover, all 75 infants whom we examined at follow up had
complete data on glucose levels at 1, 3, and 5 hours after
birth. Data on symptoms of hypoglycaemia and motivation
for withholding or starting intravenous glucose treatment are
unavailable, however.
Secondly, our study sample was relatively small. Because

there was a trend towards poorer outcome in hypoglycaemic
LGA newborns (table 3), a larger study sample might have
resulted in more significant differences between groups.
Thirdly, because only 64% of the original population of 117

LGA infants was followed up with neurodevelopmental
testing at the age of 4 years, the possibility of selection bias
should be considered. The examined cohort was representa-
tive of the original cohort in terms of demographic, socio-
economic, and birth characteristics. Even if those who did not
consent to follow up were more likely to have a worse
neurodevelopmental outcome, this would not have influ-
enced the relation between neonatal hypoglycaemia and
outcome, because the frequency of hypoglycaemia was
comparable between the children who were and who were
not followed up at 4 years of age.
A final limitation is that we used the DDS instead of the

more comprehensive and sensitive Bayley Scales of Infant
Development (BSID). This was done for practical reasons.
The DDS takes approximately 15 minutes to administer,
whereas the BSID takes approximately 40 minutes. We used
an intelligence test as well, and the SON test takes 50–60

Table 2 Number and percentage of children with hypoglycaemia according to different definitions in 75 healthy term LGA
newborns

Reference Definition of hypoglycaemia (in mmol/l)
No. of children with
hypoglycaemia

% of children with
hypoglycaemia

Zwolle ,2.2 1 h after birth, ,2.5 subsequently 60 80%
Srinivasan et al12 ,2.2 during the 1st day of life, ,2.5 subsequently 34 45%
Cornblath et al2 ,2.5 at any time point 66 88%

,2.0 at any time point 42 56%
,1.4 at any time point 14 19%
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minutes to administer. Because of the limited time span
younger children can be tested in, it would have taken two
separate sessions to administer both SON and BSID, whereas
SON and DDS could be combined in a single session, which
we preferred in order to increase the willingness of parents to
return to our hospital for testing. Our results with normal
DDS scores in almost all children (table 3) suggest that the
DDS may not be sensitive enough as a follow up instrument
for studies on neurodevelopmental sequelae of neonatal
hypoglycaemia.
One of the reasons why blood glucose monitoring is

commonly performed in LGA newborns is the assumption
that being LGA may be a presenting symptom of hyperinsu-
linaemia. This, however, does not appear to be the case. None
of the LGA newborns in our study group had persistent or
recurrent hypoglycaemia or evidence of hyperinsulinaemia.
Other studies have shown that only 20% of infants with
hyperinsulinaemia are LGA at birth.25

Our study supports the recent advice to refrain from
routine blood glucose measurements in healthy term infants
who are not small for gestational age.9 Our study sample
comprised infants born in hospital. In the Netherlands, many
healthy infants from uncomplicated pregnancies are born at
home, and a hospital based population of term infants
contains an overrepresentation of infants at increased risk of
perinatal complications and neurodevelopmental sequelae.
The finding that even in this population, hypoglycaemia in
healthy term LGA infants appears not to be associated with
poor neurodevelopmental outcome at the age of 4 years is,
therefore, particularly reassuring.
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Table 3 Results of psychological tests at the age of 4 years in 75 healthy term LGA newborns with or without hypoglycaemia

Test or subscale Normoglycaemic children Hypoglycaemic children 95% CI for difference

DDS total score (% definitively normal) 100% 93% 214 to 16%
DDS social behaviour (% definitively normal) 100% 93% 214 to 16%
DDS adaptive behaviour (% definitively normal) 100% 93% 214 to 16%
DDS language behaviour (% definitively normal) 100% 97% 217 to 11%
DDS motor behaviour (% definitively normal) 67% 68% 228 to 20%
CBCL withdrawal (% normal) 100% 95% 216 to 14%
CBCL physical complaints (% normal) 100% 95% 216 to 14%
CBCL anxiety/depression (% normal) 100% 97% 217 to 11%
CBCL social problems (% normal) 100% 98% 219 to 9%
CBCL thinking problems (% normal) 93% 93% 224 to 11%
CBCL attention problems (% normal) 93% 97% 227 to 7%
CBCL delinquent behaviour (% normal) 87% 98% 236 to 1%
CBCL aggressive behaviour (% normal) 87% 90% 229 to 11%
CBCL internalising T score, mean (SD) 48.4 (10.6) 50.4 (10.7) 28.1 to 4.2
CBCL externalising T score, mean (SD) 54.7 (12.4) 51.4 (10.7) 23.1 to 9.6
CBCL total T score, mean (SD) 52.9 (10.8) 51.3 (11.7) 25.0 to 8.2
SON spatial orientation IQ, mean (SD) 108.9 (12.8) 108.2 (16.3) 28.3 to 9.7
SON reasoning IQ, mean (SD) 116.8 (16.1) 107.6 (13.2) 1.3 to 17.2
SON total IQ, mean (SD) 114.3 (14.5) 108.9 (14.1) 22.8 to 13.5

Hypoglycaemia defined as a blood glucose level ,2.2 mmol/l during the first hour after birth, and ,2.5 mmol/l afterwards (Zwolle criterion, see table 2).
Results are presented as percentages for proportions, and as mean (SD) for continuous variables.

Outcome of hypoglycaemia in LGA newborns 81

www.archdischild.com

http://adc.bmj.com

