
Abstract. Background: Neonatal hypoglycemia is found in
up to 15% of neonates and 50% of those with risk factors.
Hypoglycemia can cause brain damage and increase risk of
developmental delay. Nevertheless, the data regarding
hypoglycemia prevention by oral sucrose are still limited.
The present study aimed to investigate whether oral sucrose
solution can prevent hypoglycemia in high-risk infants.
Patients and Methods: Four hundred and twenty-five infants
with high hypoglycemic risk were randomized into two
groups (214 infants in the intervention and 211 infants in the
control groups). The intervention group received one dose of
0.8 ml/kg of 24% oral sucrose solution followed by enteral
feed and was compared to the control group receiving
enteral feed alone. Glucose levels were evaluated by
Dextrostrix. Results: There was no significant difference in
antenatal and perinatal risk factors of neonatal
hypoglycemia between groups. Glucose level on admission
was 72.1±20.3 and 72.1±24.1 mg/dl in the intervention and
control groups, respectively. Although no significant
difference was recognized in terms of capillary blood glucose
levels between groups, data analysis revealed that the
glucose increase over time was significantly higher in the
intervention group at 1 h (mean±SE=3.61±1.27 mg/dl;
p<0.005), 3 h (mean±SE=7.95±1.57 mg/dl, p<0.001), and 6
h (mean±SE=6.31±1.62 mg/dl, p<0.001) in comparison to
those of the control. No serious adverse event was observed
in either group. Conclusion: A single dose of 24% sucrose

solution enhanced the increase of glucose level at 1, 3 and
6 h. However, routine early feeding alone is not inferior to
the addition of an oral sucrose solution.

A low glucose concentration in the blood of a newborn, i.e.
neonatal hypoglycemia, is one of the most frequent
abnormalities in the first period of life. Incidence of neonatal
hypoglycemia is approximately 50% in high-risk newborns
and 15% in healthy infants (1). The risk factors for
hypoglycemia are prematurity, intrauterine growth restriction
(IUGR), being large (LGA) or small (SGA) for gestational
age, being an infant of a diabetic mother (IDM),
hypothermia, asphyxia, polycythemia, and neonatal illnesses
in various conditions, such as acute respiratory distress and
sepsis (2). While the new data indicate that optimal treatment
of hypoglycemic newborns is pressingly needed, the
influencing factors, as well as a defined protocol are still
lacking, and management varies according to the
interpretations of individual physicians. Currently, there are
several treatments including glucagon, glucocorticoids,
dextrose solution, octreotide, and nifedipine which can be
utilized (3). However, using such drugs in newborns is
questionable in regard to long-term effects. 

Interestingly, the use of oral sucrose is a common effective
way to reduce distress and short-term pain during procedures
in infants (4-8). Our previous study showed that an oral 24%
sucrose solution significant relieved pain during examination
for retinopathy of prematurity (4, 5, 9, 10). In addition, a
24% sucrose solution can be used to reduce pain from
venipuncture (11). Although the use of oral sucrose
administration is simple and widely accepted as a safe
protocol, the evidence supporting the efficacy of such
protocol on hypoglycemia in newborns is still limited. 

The purpose of this study was to determine the
effectiveness of 24% oral sucrose solution administration in
conferring glucose homeostasis in the blood of high-risk
neonates. Furthermore, the study investigated the response
to sucrose solution among different sub-groups of infants
having SGA, LGA, and IDMs. The information obtained
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from the present study may be beneficial for ameliorating the
complications of hypoglycemia in newborn infants and
suggest a new safe and simple way of management.

Patients and Methods
This study was approved for ethical issues by the Institutional
Review Board Royal Thai Army Medical Department (code
R046h/61). The study was registered in Thai Clinical Trials Registry
(code TCTR20190731002).

Study population. A randomized control trial was conducted during a
12-month period at the nursery unit and Neonatal Intensive Care Unit
of Phramongkutklao Hospital. All infants at risk of neonatal
hypoglycemia were recruited. The inclusion criteria were infants with
gestational age at birth ≥35 weeks with birth weight less than 2.5 kg
or less than the 10th percentile of their gestational age, or birth weight
greater than 3.8 kg or more than the 90th percentile of their
gestational age, and IDMs. Exclusion criteria included infants who
had symptomatic hypoglycemia, congenital anomalies or dysmorphic
features, congenital infections, and infants who were unable to receive
oral sucrose solution or milk orally, due to e.g. gasping, vomiting or
abdominal distension. Parents were given verbal and written
information regarding the procedure. Patient data were collected and
recorded in an electronic database using codes to maintain patient
confidentiality and a security password was set to limit access to the
data. The sample size estimation was based on the data from Harris
et al.’s study (12). The calculated sample size was 203 infants per
group, with power of 80% and significance level of 0.05.

Data collection and measurement. Infants who met the selection
criteria were randomized into the intervention and the control group
by four randomization blocks provided in sequentially numbered
opaque envelopes. Infants in the intervention group received 24%
oral sucrose solution at 0.8 ml/kg (equal to 200 mg/kg) in
combination with breast milk or infant formula. Those in the control
group received only milk. The infants were assessed by a
neonatologist or senior pediatric resident. They were monitored for
heart rate and oxygen saturation by Masimo SET Radical Signal
Extraction PulseOximeter (Irvine, CA, USA) before, during and after
the oral sucrose or milk administration. The initial sugar level of
capillary blood by Dextrostix (Ames Co., Stoke Poges, UK) in both
groups was evaluated within 15 min of life or as soon as possible
when high-risk infants were transferred to the nursery unit. The
intervention group received 24% oral sucrose solution by slow drip
through a syringe into the cheek bulge within 1 minute. In the case
of vomiting or suffocating, the solution would be stopped and those
infants would be withdrawn from the study. The data collection
process consisted of the sugar level at the age of 0 h, 30 min, 1 h, 3
h, and 6 h. Admission to the nursery or NICU, complications of
hypoglycemia such as drowsiness, seizures, difficulty breathing,
apnea, receiving ventilator ventilation, length of hospitalization
stayed, neonatal and perinatal mortality rate were documented. 

Statistical analysis. Descriptive statistics are presented as the mean
and SE for continuous variables, and count and percentage for
categorical data. Quantitative variables were compared between
groups using the Mann-Whitney U-test. Continuous data
comparison using unpaired t-test and repeated measures ANOVA.
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Figure 1. Consort diagram.



The categorical variables were evaluated using chi-square test.
Statistical analysis was carried out using SPSS Statistical Software
(SPSS version 22; IBM, New York, NY, USA). p-Values of less than
0.05 were considered statistically significant.

Results

General and baseline characteristics of enrolled infants. Four
hundred and thirty-nine neonates met the eligibility criteria for
determining high-risk for neonatal hypoglycemia. Fourteen
infants were excluded, three due to lack of parental consent
and 11 who presented with symptomatic hypoglycemia prior
to being admitted to the nursery. Four hundred and twenty-
five high-risk infants were randomly assigned into two groups:
214 were assigned to receive 24% oral sucrose solution with
routine early breast milk or formula feeding, and 211 infants
were the control group, receiving routine early breast milk or
formula feeding only. All infants who participated in the study
were followed-up until the end of the study, as shown in
CONSORT DIAGRAM (Figure 1).

There was no significant difference in gestational age and
birth weight for the intervention and the control group (Table
I). Baseline characteristic included size proportion. There
were no differences in maternal conditions, including
diabetes in mothers, hypertension during pregnancy,
chorioamnionitis, and antenatal steroid prophylaxis. Both
groups received early feeding (breast milk or formula)
immediately after transferal to the nursery and there were no
differences in the amount of feeding as shown in Table I. 

Increase of capillary blood glucose level over time. We
monitored the time-dependent increase of capillary blood
glucose using Dextrostix as described in the Patients and
Methods. Results showed that at baseline, the glucose levels
in both groups were comparable (Table II). At 30 min, 1 h,
3 h, and 6 h after birth, there were no significant differences
in glucose level between intervention and control groups, as
shown in Table II. Comparative study of glucose increases
further revealed that the increase in glucose at 30 min over
that at baseline was not significantly different between
groups (Table III). Interestingly, the increase of glucose was
notably high in infants with birthweight less than 2.5 kg
(Table IV). Moreover, infants with birthweight less than 2.5
kg from diabetic mothers were found to be more sensitive to
the intervention, indicated by the significant increase in
glucose at 1, and 6 h, as shown in Table V. 

Observation of adverse events. There was no death observed
during the study. There were no differences in the rate of
NICU admission, intravenous glucose administration, or
length of hospital stay (2.4% and 1.4%, 7.6% and 10.7%,
and 3.7±3 and 3.8±2 days for the intervention and control
groups, respectively) 

Discussion 

Glucose is a critical component in providing energy for brain
metabolism and growth of the fetus. There is an increasing
evidence of neonatal hypoglycemia, which may have long-
term neurological outcomes (13), especially in providing
energy to brain cells. Hypoglycemia in infants will increase
the risk of poor development and problematic behavior of
the children in the future. Most cases of neonatal
hypoglycemia are transient, respond readily to treatment, and
are associated with an excellent prognosis (14). Concerning
neonatal hypoglycemia in high-risk infants, there are several
guidelines for management to prevent this condition,
including guidelines from the American Academy of
Pediatrics (AAP) (12) for reference in tracking glucose
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Table I. Basic characteristics of infants in the group that had received 
24% oral sucrose solution (intervention) and the control group.

Intervention Control p-Value
(n=214) (n=211)

Gestational age (weeks) 37.6±1.4 37.6±1.5 0.98
Birthweight (g) 2996±637.3 3067±648.5 0.56
Male (n, %) 102 (48.3) 100 (46.7) 0.74
Apgar score at 1 min 8±0.7 8±0.5 0.38
(mean±SD)

Apgar score at 5 min 9±0.3 9±0.2 0.57
Size for age 0.45

AGA (n, %) 101 (47.9) 92 (43)
SGA (n, %) 64 (30.3) 77 (36)
LGA (n, %) 46 (21.8) 45 (21)

Maternal factor (n)
Gestational diabetes (n, %) 86 (40.8) 84 (39.3) 0.75
Pre-eclampsia (n, %) 21 (10) 30 (14) 0.20
Prolonged rupture of 18 (8.5) 12 (5.6) 0.24
membrane (n, %)

Antenatal steroids (n, %) 7 (3.3) 8 (3.7) 0.81
Time to start feeding (min) 12.9±6.1 13.4±5.8 0.36
Volume of feeding (ml) 15.7±5 15.8±5 0.98

AGA: Appropriate for gestational age; SGA: small for gestational age;
LGA: large for gestational age.  

Table II. Glucose level at indicated time points. 

Glucose level, mg/dl

Time point Intervention Control p-Value* p-Value**
(n=214) (n=211)

At birth 70.1±20 72.1±24 0.360 0.51
30 min 69.8±19 69.7±23 0.983
1 h 73.7±15 75.0±18 0.423
3 h 78.0±16 78.5±15 0.740
6 h 76.4±14 76.7±15 0.799

*Unpaired t-test. **Repeated measures ANOVA.



levels. The aforementioned approach of the AAP also
monitors the risk of neonatal hypoglycemia. This approach
provides immediate management for neonatal hypoglycemia
in order to prevent further morbidity. The treatment requires
infant patients to be admitted to the hospital with early
feeding or intravenous dextrose administration. This may
result in the separation of a mother and baby, leading to the
reduction of the relationship between them after birth. In
addition, it may cause prolonged hospitalization.

The purpose of this study was to evaluate blood glucose
levels in infants at risk of hypoglycemia, including low birth
weight infants (<2.5 kg or <10th percentile), overweight infants
(>3.8 kg or >90th percentile) and IDMs. Two hundred and
fourteen were assigned to receive 24% oral sucrose solution
with routine early breast milk or formula feeding and 211
infants comprised the control group, receiving only routine early
breast milk or formula feeding. All infants who participated in
the study were followed-up until the end of the study. 

This study found that there were significant differences in
glucose levels in the subgroup comparison. In the intervention
group receiving oral sucrose solution and early feeding, the
glucose level increased 3.6, 7.9, and 6.3 mg/dl from baseline
at 1, 3, and 6 h of life, respectively, whereas it only
significantly increased at 3 h of life in the control group.
Therefore, from a clinical perspective, 24% oral sucrose
administration may reduce the clinical manifestation of
hypoglycemia and may be a safe routine monitoring. Harris et
al. (12) and Hegarty et al. (15) studied the applicability of
40% oral glucose gel administration in infants at risk of
hypoglycemia, such as IDM, late preterm infants, SGA and
LGA, compared to placebo administration. They found that
40% oral glucose gel reduced the rate of neonatal
hypoglycemia and the rate of NICU admission. However, oral
glucose gel is not currently imported into Thailand; instead,
the administration of 24% oral sucrose solution can be used
as demonstrated in our study. This is also cheaper and easy to
prepare because it can be manufactured in a hospital in the
public health system of Thailand. 

There were no differences between groups in the glucose
level at each time point (30 min, 1, 3, 6 h of life) comparing
between control routine feeding and oral sucrose
administration. This study revealed that early feeding alone
was not inferior to early feeding with adjuvant oral sucrose
solution. We therefore recommend that early feeding (breast
milk or formula feeding) is appropriate clinical care for high-
risk babies. Moreover, advantages of early feeding may
include the promotion of breast milk production, improve
breastfeeding, and reduce hospital cost as described in
Harding et al.’s study (1).

However, we did find that administration of oral sucrose
solution in infants with birthweight lower than 2.5 kg
significantly increased the blood glucose level at 30 min, 3 h,
and 6 h after birth comparing to the control groups.
Consistently, oral sucrose significantly increased the blood
glucose of IDMs with birthweight lower than 2.5 kg at 1 and 6
h after birth compared to the normal feeding control. Therefore,
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Table III. Comparison of change in glucose level at each time point
relative to baseline at birth within groups.

Change in glucose level, mg/dl

Time from Intervention (n=214) Control (n=211)
birth 

Mean SE p-Value Mean SE p-Value

30 min −0.289 1.039 0.781 −2.319 1.218 0.058
1 h 3.611 1.275 <0.005* 2.995 1.389 0.032*
3 h 7.948 1.57 <0.001* 6.451 1.821 <0.001*
6 h 6.308 1.622 <0.001* 4.657 1.748 0.008*

*Unpaired t-test.. 

Table IV. Comparison of changes in glucose level between groups
stratified by birthweight. Data are means±standard error.

Change in glucose level, mg/dl

Birthweight, Time from Intervention Control p-Value
kg birth (n=214) (n=211)

<2.5 30 min 2.26±14.9 −5.40±18.69 0.017*
1 h 5.76±18.28 1.00±22.93 0.222
3 h 12.83±23.55 3.00±28.50 0.046*
6 h 12.65±26.9 2.33±28.45 0.047*

2.5-3.8 30 min −1.22±16.03 −1.46±17.54 0.911
1 h 2.58±19.87 3.23±18.40 0.788
3 h 6.82±23.43 7.74±25.16 0.761
6 h 4.00±22.89 6.17±23.42 0.456

>3.8 30 min −0.89±9.64 0.93±15.85 0.614
1 h 4.3±10.69 6.33±21.79 0.665
3 h 3.63±16.49 8.78±28.06 0.415
6 h 4.74±17.19 3.08±27.98 0.794

*Unpaired t-test. 

Table V. Comparison of difference of glucose level between group in
infants with birthweight less than 2.5 kg born to diabetic mothers.

Change in glucose level, mg/dl

Time from birth Intervention (4/53) Control (n=9/64) p-Value

30 min 15.5±17.82 −13.78±30.63 0.107
1 h 23±18.02 −4.78±18.55 0.029*
3 h 20.5±19.09 −6.44±24.68 0.080
6 h 32.75±19.22 −7.67±21.07 0.007*

*Unpaired t-test. 



such administration of oral sucrose may be beneficial for the
management of high-risk infants in order to rapidly increase the
blood glucose level. There will be a need to monitor for
symptoms for a longer period to determine whether there is a
clinically significant difference, although short-term results
including need for intravenous glucose, NICU admission, and
length of hospital stay were not difference and there were no
deaths in either group. The advantage of this study is that it was
a randomized control trial with a large number of participants.
We provided a proper tracking of sugar levels in each period
and all infants were monitored for data collection. Importantly,
all infants still received standard treatment according to AAP
guidelines (2, 7, 8).
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