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BACKGROUND
Worldwide, many newborns who are preterm, small or large for gestational age, or born 
to mothers with diabetes are screened for hypoglycemia, with a goal of preventing brain 
injury. However, there is no consensus on a treatment threshold that is safe but also avoids 
overtreatment.
METHODS
In a multicenter, randomized, noninferiority trial involving 689 otherwise healthy newborns 
born at 35 weeks of gestation or later and identified as being at risk for hypoglycemia, we 
compared two threshold values for treatment of asymptomatic moderate hypoglycemia. We 
sought to determine whether a management strategy that used a lower threshold (treatment 
administered at a glucose concentration of <36 mg per deciliter [2.0 mmol per liter]) would 
be noninferior to a traditional threshold (treatment at a glucose concentration of <47 mg 
per deciliter [2.6 mmol per liter]) with respect to psychomotor development at 18 months, 
assessed with the Bayley Scales of Infant and Toddler Development, third edition, Dutch 
version (Bayley-III-NL; scores range from 50 to 150 [mean {±SD}, 100±15]), with higher 
scores indicating more advanced development and 7.5 points (one half the SD) representing 
a clinically important difference). The lower threshold would be considered noninferior if 
scores were less than 7.5 points lower than scores in the traditional-threshold group.
RESULTS
Bayley-III-NL scores were assessed in 287 of the 348 children (82.5%) in the lower-threshold 
group and in 295 of the 341 children (86.5%) in the traditional-threshold group. Cognitive 
and motor outcome scores were similar in the two groups (mean scores [±SE], 102.9±0.7 
[cognitive] and 104.6±0.7 [motor] in the lower-threshold group and 102.2±0.7 [cognitive] 
and 104.9±0.7 [motor] in the traditional-threshold group). The prespecified inferiority 
limit was not crossed. The mean glucose concentration was 57±0.4 mg per deciliter 
(3.2±0.02 mmol per liter) in the lower-threshold group and 61±0.5 mg per deciliter 
(3.4±0.03 mmol per liter) in the traditional-threshold group. Fewer and less severe hypogly-
cemic episodes occurred in the traditional-threshold group, but that group had more inva-
sive diagnostic and treatment interventions. Serious adverse events in the lower-threshold 
group included convulsions (during normoglycemia) in one newborn and one death.
CONCLUSIONS
In otherwise healthy newborns with asymptomatic moderate hypoglycemia, a lower glu-
cose treatment threshold (36 mg per deciliter) was noninferior to a traditional threshold 
(47 mg per deciliter) with regard to psychomotor development at 18 months. (Funded by 
the Netherlands Organization for Health Research and Development; HypoEXIT Current 
Controlled Trials number, ISRCTN79705768.)
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Hypoglycemia is the most common 
metabolic problem in newborns and may 
lead to persistent brain injury.1,2 Because 

neonatal hypoglycemia often is asymptomatic, up 
to 30% of all newborns are routinely monitored 
for hypoglycemia for 12 to 36 hours after birth 
when current guidelines are followed.3-6 However, 
there is no consensus regarding the threshold glu-
cose concentration at which treatment for asymp-
tomatic neonatal hypoglycemia should be initi-
ated.1,7,8 On the basis of expert opinion, a concept 
of operational thresholds was developed that con-
sidered glucose concentrations between 36 mg 
per deciliter (2.0 mmol per liter) and 47 mg per 
deciliter (2.6 mmol per liter) to be acceptable for 
short periods of time.9-12

To date, studies on developmental outcome 
after neonatal hypoglycemia have been observa-
tional, comparing newborns who have had hypo-
glycemia with newborns who have not had 
hypoglycemia, and have shown contradictory 
results.1,8,13-20 In the absence of robust evidence, 
screening and treatment protocols differ consid-
erably among hospitals.21,22 Both overtreatment 
and undertreatment can occur, with negative 
effects on the newborns’ health, the budding 
mother–child relationship, and health care costs.23 
Since the 1990s, experts have called for well-
designed trials to devise the appropriate treat-
ment strategies.8,11,12,23-25

We now report the results of a randomized 
trial that compared two accepted threshold glu-
cose values (as yet unsupported by evidence) for 
treatment of asymptomatic moderate hypoglyce-
mia (defined as plasma glucose concentrations 
of 36 to 46 mg per deciliter [2.0 to 2.5 mmol per 
liter]) in four high-risk subgroups of otherwise 
healthy newborns.

Me thods

Trial Design and Oversight

The HypoEXIT (Hypoglycemia–Expectant Mon-
itoring versus Intensive Treatment) trial was a 
multicenter, randomized, controlled, noninferi-
ority trial. The trial protocol is available with the 
full text of this article at NEJM.org.

The trial was registered prospectively, as de-
scribed in the protocol. The institutional review 
board at the Academic Medical Center, Amster-
dam, and the medical ethics committee at each 
participating institution reviewed and approved 
the trial. The trial was conducted in accordance 

with the principles of the Declaration of Hel-
sinki. Parents of enrolled infants provided writ-
ten informed consent. Information on the data 
and safety monitoring board is provided in Section 
S2.1 in the Supplementary Appendix, available at 
NEJM.org.

The study steering group designed the trial. 
The site collaborators were responsible for pa-
tient inclusion, data collection, and registration. 
Nine of the authors analyzed the data and pre-
pared the manuscript. All the authors reviewed 
the manuscript and vouch for the accuracy and 
completeness of the data and analyses and for 
the fidelity of the trial to the protocol and made 
the decision to submit the paper for publication. 
Because this was a publicly funded trial, no agree-
ments concerning confidentiality of the data 
were made between the sponsor and the authors 
or institutions involved in the trial.

Participants

From October 2007 through April 2011, newborns 
at 17 academic or teaching hospitals were eligi-
ble for inclusion in the trial if they were born at 
35 weeks or more of gestation, had a birth 
weight of 2000 g or more, and had an indication 
for routine screening for hypoglycemia. The par-
ticipants were newborns in four subgroups at 
high risk for hypoglycemia — late-preterm in-
fants (gestational age from 35 to 37 weeks), 
newborns who were small (below the 10th per-
centile) or large (above the 90th percentile) for 
gestational age, and infants of mothers with 
diabetes. The participants were all otherwise 
healthy newborns without initial severe hypogly-
cemia (defined as plasma glucose concentrations 
of ≤35 mg per deciliter [1.9 mmol per liter]). (A 
full list of inclusion and exclusion criteria is 
provided in Section S2.2.)

Randomization and Treatment Strategies

We compared two threshold values for treatment 
of neonatal hypoglycemia. Newborns found to 
have asymptomatic moderate hypoglycemia be-
tween 3 and 24 hours after birth were randomly 
assigned in a 1:1 ratio (with the use of Web-
based block randomization) to receive treatment 
when the glucose concentration was lower than 
36 mg per deciliter (lower-threshold group) or 
to receive treatment when the glucose concen-
tration was lower than 47 mg per deciliter (tra
ditional-threshold group); participants were 
stratified according to study center and prespeci-
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fied high-risk subgroup. (Details regarding the 
trial methods are provided in Sections S2.3 
through S2.5.)

In the lower-threshold group, the aim was to 
maintain the infants’ glucose concentration at 
36 mg per deciliter or greater. In the traditional-
threshold group, the aim was to attain a glucose 
concentration of 47 mg per deciliter or greater 
and then maintain that level. If an infant’s 
glucose concentration fell below the prespeci-
fied threshold, the carbohydrate intake was 
increased by 1 to 2 mg per kilogram of body 
weight per minute. The glucose concentration 
was checked 1 hour after each increase, and, if 
necessary, the infant’s carbohydrate intake was 
further adjusted.

Treatment interventions, which were similar 
in the two groups, were supplemental oral feed-
ing, tube feeding, or intravenous glucose admin-
istration. To reflect daily clinical practice, these 
management decisions were not based on a single 
glucose measurement but were tailored to the 
course of glucose concentrations and the clinical 
condition of the individual newborn.

Primary Outcome

The primary outcome was psychomotor develop-
ment at 18 months, as measured by the Bayley 
Scales of Infant and Toddler Development, third 
edition, Dutch version (Bayley-III-NL) (Section S2.6 
and Table S1). In this trial, we used Bayley-III-NL 
scores to measure cognitive and motor develop-
ment; scores range from 50 to 150 (mean [±SD], 
100±15), with higher scores indicating more 
advanced development and 7.5 points (one half 
the SD) representing a clinically important dif-
ference.26,27 For preterm infants, age was correct-
ed for prematurity. The examiners who adminis-
tered the Bayley-III-NL were unaware of the 
treatment assignments. The trial was designed 
as a noninferiority trial to determine whether 
— within statistical variability — psychomotor 
development was less than 7.5 points (one half 
the standard deviation of 15 for the normative 
mean in the Bayley-III-NL) lower after treatment 
according to a management strategy based on a 
lower threshold (treatment started at a glucose 
concentration of <36 mg per deciliter) than after 
treatment according to a traditional threshold 
strategy (treatment started at a glucose concen-
tration of <47 mg per deciliter).

Secondary Outcomes

Secondary outcomes were related to burden, 
efficacy, and use of health care resources. The 
secondary outcomes related to burden included 
the number of glucose measurements; treatment 
of hypoglycemia with supplemental oral feeding, 
tube feeding, or intravenous glucose; and dura-
tion of breast-feeding. The secondary outcomes 
related to efficacy included glucose concentra-
tions and episodes of hypoglycemia after ran-
domization, and the secondary outcomes related 
to the use of health care resources included the 
duration of hospital stay and health care costs 
within 18 months after randomization.

Statistical Analysis

Sample sizes were calculated separately for each 
of the four prespecified subgroups (Section S2.7). 
We used the absolute difference between the two 
groups in the Bayley-III-NL score (normative 
mean, 100±15) to estimate the sample size ac-
cording to the principles and methods of sam-
ple-size calculation for noninferiority trials. The 
noninferiority margin was set at minus one half 
the standard deviation of 15 for the normative 
value (i.e., −7.5 points), ref lecting a 1-month 
delay in development.26 We estimated that with 
200 newborns in each of the four subgroups, the 
study would have 90% power to determine the 
noninferiority of the lower threshold to the tra-
ditional threshold, at a one-sided alpha level of 
0.025, assuming that 15% of the participants 
would be withdrawn.

Because the clinical management decisions 
had to be tailored to the individual newborn, 
deviations from the assigned treatment strategy 
could not be classified simply as crossovers. This 
made a per-protocol analysis difficult; hence only 
an intention-to-treat analysis was performed. To 
evaluate whether the treatment strategies in the 
two groups were substantially different, we com-
pared the glucose concentrations, frequency of 
hypoglycemia episodes, and treatment interven-
tions in the two groups.

For the primary outcome, we considered that 
noninferiority of the lower threshold strategy to 
the traditional threshold strategy would be shown 
if the lower limit of the confidence interval for 
the absolute between-group difference in the ob-
served Bayley-III-NL scores did not cross the 
prespecified limit of −7.5 points. We performed 
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post hoc Bonferroni correction for the primary 
(cognitive and motor) outcome by providing 
97.5% confidence intervals instead of 95% con-
fidence intervals to account for multiplicity. For 
the secondary outcomes, unadjusted 95% confi-
dence intervals are provided for the differences 
between the groups; hence they cannot be used 
to infer effects.

Post hoc, we performed sensitivity analyses 
for the prespecified primary outcome after mul-
tiple imputation by chained equations to account 
for missing data. Data presented are derived 
from the imputed data set. (Additional details 
on the statistical methods are provided in Sec-
tions S2.8 through S2.11 and Table S2.)

R esult s

Patients and Follow-up

Of the 2024 eligible newborns whose parents 
provided informed consent, 722 (35.7%) had 
moderate hypoglycemia; of those, 689 infants 
(born to 682 mothers) were included in the trial 
(Fig. 1 and Section S3.1). Clinical characteristics 
were similar in the two groups (Table  1 and 
Table S3). The Bayley-III-NL was administered to 
582 of the 689 children (84.5%) (Fig. 1 and Ta-
bles S4 and S5).

Psychomotor Development

Bayley-III-NL scores at 18 months of age were 
similar in the lower-threshold and traditional-
threshold groups (Table 2). The prespecified in-
feriority limit of −7.5 points was not crossed 
(Fig. 2). After sensitivity analyses were performed 
for missing data, our conclusions remained the 
same (Section S3.2 and Tables S6 and S7). The 
proportion of children with Bayley-III-NL scores 
below −1 or −2 SD was similar in the two trial 
groups. Bayley-III-NL scores were not correlated 
with the number or severity of hypoglycemic 
episodes. Linear regression analysis showed no 
differences among centers in the effect of treat-
ment assignment on the Bayley-III-NL scores 
(details provided in Sections S3.3 and S3.4 and 
Tables S8 and S9).

Secondary Outcomes

Results for secondary outcomes are shown in 
Table 3 (see also Section S3.5). Fewer glucose 
measurements were performed in the lower-

threshold group than in the traditional-threshold 
group (mean difference of −0.7 measurements, 
or 9% less), and fewer newborns in the lower-
threshold group received treatments for hypogly-
cemia. The number needed to treat to save 1 new-
born from intravenous glucose administration 
was 7, to save 1 newborn from tube feeding was 
12, and to save 1 newborn from supplemental 
oral feeding was 5. After randomization, episodes 
of hypoglycemia (plasma glucose ≤46 mg per 
deciliter) occurred in 57% of the newborns in 
the lower-threshold group and in 47% in the 
traditional-threshold group (mean difference, 
10 percentage points [95% confidence interval, 
2 to 17]). The episodes of hypoglycemia were 
managed according to the trial protocol. None of 
the infants with hypoglycemia had any clinical 
signs or symptoms of hypoglycemia. The dura-
tions of hospital stay of the newborns and of 
their mothers were similar in the two groups, as 
were health care costs (Tables S10 and S11). Seri-
ous adverse events were reported in two infants 
in the lower-threshold group; one newborn with 
signs of hypoxic–ischemic brain injury on mag-
netic resonance imaging had convulsions during 
normoglycemia, and one infant died from a severe 
respiratory infection after the neonatal period. 
(Serious and common adverse events are described 
in Section S3.6 and Tables S12 through S14.)

Discussion

In the present trial involving otherwise healthy 
newborns born at 35 weeks of gestation or later 
and weighing 2000 g or more, a management 
strategy that used a lower glucose threshold 
value to start treatment for asymptomatic moder-
ate hypoglycemia did not lead to worse psycho-
motor development at 18 months than a strategy 
that used a traditional (higher) threshold. In fact, 
allowing glucose concentrations of 36 mg per 
deciliter or higher in the first 48 hours after 
birth was associated with developmental out-
comes that were similar to those observed when 
glucose concentrations of 47 mg per deciliter or 
higher were targeted. Furthermore, there were 
fewer diagnostic interventions, including 9% few-
er glucose measurements, and fewer therapeutic 
interventions in the lower-threshold group than 
in the traditional-threshold group. The durations 
of hospital stay of the newborns and of their 
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Figure 1. Screening, Randomization, Treatment, and Follow-up.

Bayley-III-NL denotes Bayley Scales of Infant and Toddler Development, third edition, Dutch version.

5363 Were eligible

5948 Newborns were considered for
participation in the trial

1301 (21.9%) Were preterm
2059 (34.6%) Were small for gestational age
1819 (30.6%) Were large for gestational age
328 (5.5%) Had mothers with diabetes
434 (7.3%) Had two or three risk factors

7 (0.1%) Had no data recorded

585 Were excluded
8 Had severe asphyxia

23 Required support of vital functions
373 Received intravenous glucose before

the trial
87 Had suspected syndrome, severe

congenital malformation, inborn error
of metabolism, or hyperinsulinemia

94 Met multiple exclusion criteria

3339 Did not have informed consent provided
1306 Had parents or guardians who were

not asked to provide consent
(see the Supplementary Appendix)

690 Had parents or guardian who declined
to participate

878 Had other reasons
465 Had unknown reason

2024 Had informed consent provided

1196 (59.1%) Had all glucose concentrations
≥47 mg/dl

106 (5.2%) Had first low glucose concen-
tration ≤35 mg/dl

722 (35.7%) Had glucose concentrations of 
36 to 46 mg/dl

689 (Born to 682 mothers) underwent
randomization

33 Did not undergo randomization
for logistic reasons

348 Were assigned to the lower-threshold group
93 (26.7%) Were preterm

105 (30.2%) Were small for gestational age
107 (30.7%) Were large for gestational age
43 (12.4%) Had mothers with diabetes

341 Were assigned to the traditional-threshold group
86 (25.2%) Were preterm
99 (29.0%) Were small for gestational age

117 (34.3%) Were large for gestational age
39 (11.4%) Had mothers with diabetes

107 of 689 (15.5%) Were lost to follow-up 
(unable to contact the parents or make an
appointment, or parents were unwilling to
participate in follow-up)

61 of 348 (17.5%) Were in the lower-threshold group
46 of 341 (13.5%) Were in the traditional-threshold

group

287 of 348 (82.5%) Were tested with Bayley-III-NL
at 18 mo and were included in the analysis

  79 of 93 (84.9%) Were preterm
  80 of 105 (76.2%) Were small for gestational age
  96 of 107 (89.7%) Were large for gestational age
  32 of 43 (74.4%) Had mothers with diabetes

295 of 341 (86.5%) Were tested with Bayley-III-NL
at 18 mo and were included in the analysis

  75 of 86 (87.2%) Were preterm
  82 of 99 (82.8%) Were small for gestational age
105 of 117 (89.7%) Were large for gestational age
  33 of 39 (84.6%) Had mothers with diabetes
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mothers were similar in the two groups, as were 
health care costs.

Our trial supports earlier expert opinion9-12 
and current guidelines4-6 that recommend a treat-
ment threshold value of 36 mg per deciliter and 
provides additional data for the development of 
guidelines for the large group of newborns — 
late-preterm infants, infants born small or large 
for gestational age, and infants of mothers with 
diabetes — who have a high incidence (50%) of 
neonatal hypoglycemia.28 Before such guidelines 
can be developed, several issues need to be ad-
dressed.

First, discussion of the definition of neonatal 
hypoglycemia is ongoing and has intensified in 
recent years since several observational cohort 
studies comparing the outcomes of newborns 
with and those without hypoglycemia have shown 

contradictory results regarding the safety of us-
ing a threshold of 45 to 47 mg per deciliter (2.5 
to 2.6 mmol per liter) for treatment.1,13-20 A limi-
tation of observational cohort studies is the lack 
of control for intrinsic factors — such as the 
presence of alternative fuels such as lactate and 
ketone bodies — and other prognostic charac-
teristics that may affect neurologic outcome.29 
Furthermore, although observational studies may 
result in a treatment threshold being identified 
retrospectively, clinical practice demands man-
agement of prospective series of glucose concen-
trations that have an unpredictable course over 
time. Therefore, agreement on treatment strate-
gy rather than on a single glucose concentration 
seems a more suitable approach to guide clinical 
practice. By comparing two treatment threshold 
values that are currently in use, our pragmatic 

Characteristic
Lower-Threshold 

Group
Traditional-Threshold 

Group

Newborns — no. 348 341

Gestational age — wk 38.6±0.1 38.7±0.1

Birth weight — g 3316±47 3354±46

Male sex — no. (%) 202 (58) 185 (54)

Singleton birth — no. (%) 324 (93) 324 (95)

Apgar score at 5 min 9.6±0.04 9.6±0.04

Age at randomization — hr 6.4±0.2 6.9±0.2

Glucose at randomization — mg/dl 41.4±0.2 41.2±0.2

Missing data — no. (%) 3 (0.9) 4 (1)

Mothers — no.† 345 337

Age — yr 31.5±0.3 31.3±0.3

Missing data — no. (%) 7 (2) 14 (4)

Parity 0.7±0.05 0.8±0.06

Nonsmoking — no. (%) 285 (83) 274 (81)

Missing data — no. (%) 32 (9) 29 (9)

Pregnancy complications — no. (%) 95 (28) 94 (28)

Missing data — no. (%) 2 (0.6)

Socioeconomic status score‡ −0.01±0.07 −0.11±0.08

Missing data — no. (%) 2 (0.6) 1 (0.3)

*	�Plus–minus values are means ±SE. Data are pooled results from analyses after imputation of missing data. There were 
no significant differences in the clinical characteristics between the lower-threshold and traditional-threshold groups. 
Additional data, including data for subgroups, are provided in Table S3. To convert the values for plasma glucose to 
millimoles per liter, multiply by 0.0555.

†	�The number of mothers (682) is lower than the number of newborns (689) because there were seven sets of twins, and 
both infants in each set underwent randomization.

‡	�Socioeconomic status scores refer to the socioeconomic status of a postal code area, calculated from the education, in‑
come, and job positions of the people living there, and are based on data from the Social and Cultural Planning Office 
of the Netherlands (www​.scp​.nl). The mean score is 0, with higher scores indicating higher socioeconomic status.

Table 1. Characteristics of Participants at Baseline.*
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trial was designed to identify the superior man-
agement strategy while controlling for other fac-
tors that can influence psychomotor development.

Second, because the neonatal hypoglycemia 
experience cannot be defined by a single nu-
merical value, and long-term psychomotor devel-
opment depends on multiple factors, a manage-
ment strategy with a threshold value of 36 mg per 
deciliter should not be regarded as safe under all 
circumstances. Treatment begun at a higher glu-
cose concentration of 47 mg per deciliter pre-
vented infants from having frequently recurrent 

(≥4 episodes after randomization) and severe 
episodes of hypoglycemia in our trial. Although 
we did not find that the number of hypoglyce-
mic episodes affected the psychomotor outcome, 
the number of newborns with recurrent hypogly-
cemia was too low to exclude an effect with 
certainty. We therefore would advise that fre-
quent episodes of moderate hypoglycemia should 
not be accepted; instead, additional investiga-
tions for underlying causes should be considered 
alongside adequate treatment for hypoglycemia.

Third, although the difference in the inter-

Group
Lower-Threshold 

Group
Traditional-Threshold 

Group
Mean Difference 

(97.5% CI)

Total trial population tested — no./total no. (%) 287/348 (82.5) 295/341 (86.5)

Bayley-III-NL cognitive score 102.9±0.7 102.2±0.7 0.7 (−1.5 to 2.9)

Missing data — no. (%) 61 (18) 46 (13)

Bayley-III-NL motor score 104.6±0.7 104.9±0.7 −0.3 (−2.4 to 1.8)

Missing data — no. (%) 64 (18) 51 (15)

Preterm infants — no./total no. (%) 79/93 (84.9) 75/86 (87.2)

Bayley-III-NL cognitive score 104.3±1.2 103.9±1.2 0.3 (−3.5 to 4.2)

Missing data — no. (%) 14 (15) 11 (13)

Bayley-III-NL motor score 105.0±1.3 106.5±1.3 −1.5 (−5.7 to 2.6)

Missing data — no. (%) 15 (16) 11 (13)

Infants small for gestational age — no./total no. (%)† 80/105 (76.2) 82/99 (82.8)

Bayley-III-NL cognitive score 97.5±1.3 98.5±1.3 −1.0 (−5.1 to 3.2)

Missing data — no. (%) 25 (24) 17 (17)

Bayley-III-NL motor score 102.4±1.3 102.5±1.4 −0.1 (−4.4 to 4.3)

Missing data — no. (%) 26 (25) 20 (20)

Infants large for gestational age — no./total no. (%)‡ 96/107 (89.7) 105/117 (89.7)

Bayley-III-NL cognitive score 105.4±1.3 103.7±1.1 1.7 (−2.1 to 5.5)

Missing data — no. (%) 11 (10) 12 (10)

Bayley-III-NL motor score 106.0±1.2 106.0±0.9 −0.1 (−3.4 to 3.2)

Missing data — no. (%) 12 (11) 13 (11)

Infants of mothers with diabetes — no./total no. (%) 32/43 (74.4) 33/39 (84.6)

Bayley-III-NL cognitive score 106.5±1.8 103.1±2.3 3.4 (−3.2 to 10.0)

Missing data — no. (%) 11 (26) 6 (15)

Bayley-III-NL motor score 105.7±1.5 104.2±2.0 1.4 (−4.1 to 7.0)

Missing data — no. (%) 11 (26) 7 (18)

*	�Plus–minus values are means ±SE. Data are pooled results from analyses after imputation of missing data. Bayley-III-
NL denotes Bayley Scales of Infant and Toddler Development, third edition, Dutch version, and CI confidence interval.

†	�Small for gestational age indicates birth weight below the 10th percentile.
‡	�Large for gestational age indicates birth weight above the 90th percentile.

Table 2. Bayley-III-NL Outcome Scores at 18 Months of Corrected Age.*
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vention thresholds for our treatment strategies 
was rather small, this difference is considered 
— both in daily practice4-6 and in the litera-
ture11,12,23 — to be important. With the prespeci-
fied glucose thresholds for the treatment groups 
(36 mg vs. 47 mg per deciliter), large differences 
in the glucose concentrations or hypoglycemic 
episodes could not be expected. Therefore, we 
think that the observed differences reflect a rea-
sonable contrast between the treatment groups. 
In addition, we believe that from the perspective 
of the patient, the differences in the need for 
painful and invasive procedures will be regarded 
as clinically relevant.

Finally, our conclusions should not be extrapo-
lated to hypoglycemia that persists after the first 
2 postnatal days or to newborns who are born at 
less than 35 weeks of gestation, have a birth 
weight of less than 2000 g, or are sick. Such 
infants are already at an increased risk for im-
paired developmental outcome, which makes a 
lower treatment threshold less desirable. In ad-
dition, we emphasize the need for a higher tar-
get glucose concentration in newborns who have 
persistent hypoglycemia due to endocrine or 
metabolic disorders.30

Our trial had certain limitations. The origi-
nally planned number of infants of mothers 
with diabetes was not reached because infants in 
this subgroup were less prevalent than expected. 
No certain conclusions can be made for this 
subgroup. The overall percentage of participants 
lost to follow-up was 16%, despite great efforts 
to trace all participants at 18 months. Although 
the number of infants who completed the trial 
was slightly lower than planned in the sub-
groups of late-preterm newborns and newborns 
small for gestational age, we believe that our 
conclusions for these subgroups remain valid, 
because the differences in psychomotor outcomes 
between the management groups were small 
and confidence intervals were narrow. To con-
trol for differences in feeding protocols, glucose 
measurement methods, and unknown variations 
in local clinical practice, we stratified the new-
borns according to hospital. With this pragmatic 
design, we believe that our trial bridges the gap 
between daily practice and a robust scientific 
approach.

Dextrose gel is increasingly used to treat neo-
natal hypoglycemia; however, randomized trials 
have provided scarce evidence of its effectiveness 

Figure 2. Effect Sizes in Relation to the Noninferiority Margin.

Shown are mean absolute differences between newborns assigned to the lower-threshold group and those assigned to 
the traditional-threshold group with respect to cognitive scores (Panel A) and motor scores (Panel B) on the Bayley-III-NL, 
in relation to the prespecified noninferiority margin of −7.5 points, indicated by a vertical dashed line. Horizontal 
bars show 97.5% confidence intervals. IDM denotes infants of mothers with diabetes mellitus, LGA large for gesta‑
tional age, and SGA small for gestational age.
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Variable

Lower-Threshold 
Group 

(N = 348)

Traditional-Threshold 
Group 

(N = 341)
Mean Difference 

(95% CI)

No. of glucose measurements 6.4±0.1 7.0±0.2 –0.7 (–1.0 to –0.3)

Missing data — no. (%) 3 (0.9) 4 (1.2)

Glucose concentration — mg/dl† 57±0.4 61±0.5 –4.4 (–5.6 to –3.1)

Missing data — no. (%) 3 (0.9) 4 (1.2)

Infants with hypoglycemic episodes after 
randomization — no. (%)

197 (57) 160 (47) 9.7 (2.2 to 17.0)‡

No. of hypoglycemic episodes — no. (%)

0 or 1 244 (70) 280 (82) –12.0 (–18.2 to –5.6)‡

2 or 3 73 (21) 54 (16) 5.1 (–0.7 to 10.9)‡

4 or more 31 (9) 7 (2) 6.9 (3.5 to 10.5)‡

Severity of hypoglycemia — no. (%)§

No hypoglycemia 151 (43) 181 (53) –9.7 (–17.0 to –2.2)‡

Moderate 164 (47) 142 (42) 5.5 (–1.9 to 12.8)‡

Severe or both moderate and severe¶ 33 (10) 18 (5) 4.2 (0.3 to 8.2)‡

Infants who received supplemental oral 
feeding — no. (%)

275 (79) 332 (97) –18.3 (–23.1 to –13.8)‡

Missing data — no. (%) 5 (1.4) 4 (1.2)

No. of supplemental oral feedings 5±0.2 7±0.2 –2.2 (–2.8 to –1.7)

Missing data — no. (%) 10 (3) 7 (2)

Volume of supplemental oral feeding — ml 86±5 157±6 –71 (–86 to –56)

Missing data — no. (%) 10 (3) 7 (2)

Tube feeding — no. (%) 17 (5) 44 (13) –8.0 (–12.4 to –3.8)‡

Missing data — no. (%) 3 (0.9) 3 (0.9)

Continuous IV glucose — no. (%) 21 (6) 70 (21) –14.5 (–19.5 to –9.5)‡

Missing data — no. (%) 2 (0.6) 2 (0.6)

Bolus glucose IV — no. (%) 6 (1.8) 12 (3.4) –1.8 (–4.5 to 0.7)‡

Missing data — no. (%) 2 (0.6) 2 (0.6)

Hospital stay for newborn — days 4.6±0.2 4.7±0.2 –0.1 (–0.6 to 0.4)

Missing data — no. (%) 2 (0.6) 1 (0.3)

Hospital stay for mother — days 3.8±0.1 4.0±0.1 –0.2 (–0.5 to 0.02)

Missing data — no. (%) 2 (0.6) 1 (0.3)

Duration of breast-feeding — no. (%)

Never or <2 wk 96 (28) 75 (22) 5.6 (−0.9 to 12.0)‡

2 wk to <3 mo 98 (28) 101 (30) –1.5 (–8.2 to 5.3)‡

≥3 mo 74 (21) 99 (29) –7.8 (–14.2 to −1.3)‡

Missing data 80 (23)‖ 66 (19)**

*	� Plus–minus values are means ±SE. Data are pooled results from analyses after imputation of missing data. Difference 
in proportions with 95% confidence intervals were calculated with a calculation tool (http://vassarstats​.net/​prop2_ind​ 
.html). Percentages may not total 100 because of rounding.

†	� To convert the values for plasma glucose to millimoles per liter, multiply by 0.0555.
‡	� Values for mean difference are percentage points.
§	� Moderate hypoglycemia is defined as plasma glucose concentration of 36 to 46 mg per deciliter. Severe hypoglycemia 

is defined as plasma glucose concentration of 35 mg per deciliter or less.
¶	� This subgroup includes newborns with severe hypoglycemia and newborns who had episodes of both moderate and 

severe hypoglycemia.
‖	� Of 80 infants with missing data, 18 were preterm, 20 were small for gestational age, 30 were large for gestational age, 

and 12 were infants of mothers with diabetes.
**	� Of 66 infants with missing data, 21 were preterm, 20 were small for gestational age, 19 were large for gestational age, 

and 6 were infants of mothers with diabetes.

Table 3. Secondary Outcomes.*

The New England Journal of Medicine 
Downloaded from nejm.org at SAITAMA MEDICAL SCHOOL LIBRARY on February 19, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 382;6  nejm.org  February 6, 2020 543

Treatment Threshold for Neonatal Hypoglycemia

and so far show neither a decrease in the need for 
intravenous glucose nor improved neurodevelop-
mental outcome.31-33 In our trial, we evaluated two 
glucose treatment thresholds, using similar treat-
ment interventions in the two trial groups. We 
consider it unlikely that the use of dextrose gel 
would have affected the results of our trial, be-
cause according to our trial design, dextrose gel 
would have been available to both groups.

We used the Bayley-III-NL test with population-
specific reference values for Dutch children to 
minimize overestimation or underestimation of 
neurodevelopment.34 It is important to note that 
although we found no between-group differ-
ences in the Bayley-III-NL scores for cognitive 
and motor functioning at 18 months of age, this 
evaluation was performed early in life. Many 
important and sophisticated facets of cognitive 
and social functioning, such as executive func-
tioning, language comprehension, speech, and 
more complex visual–motor integration — func-
tions that may be especially important after a 
neonate has had hypoglycemia — emerge after 
the age at which the children in our trial were 
tested. Although the Bayley-III-NL test has been 
shown to correlate with intelligence tests at 

various ages up to 10 years,35,36 a follow-up trial 
is required because outcome studies of neonatal 
therapies have described changes in cognitive 
performance when children are retested in 
greater detail after 18 months of age.1,14,17,37

In this randomized trial involving otherwise 
healthy newborns, born at 35 weeks or more of 
gestation and at a birth weight of 2000 g or 
more, who had asymptomatic moderate hypo-
glycemia, a management strategy of starting 
treatment at a glucose concentration threshold 
of 36 mg per deciliter proved noninferior to a 
strategy that used a threshold of 47 mg per deci-
liter with regard to the infants’ psychomotor 
development at 18 months.
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