
INTRODUCTION 
Prematurity is one of the highest causes of perinatal death in 
addition to low birth weight (LBW) infants, asphyxia or respiratory 
disorders. The biggest challenge is how to reduce the risk of 
morbidity which will reduce neurological disorders and long-term 
growth and development disorders so that these preterm infants 
can grow optimally.� 
 
One of the most common morbidity in premature infants is 
hypoglycemia. The immaturity of the glucose formation system, 
inadequate energy storage, and hyperinsulinism conditions can 
affect the occurrence of hypoglycemia in preterm infants.� 

Symptoms of hypoglycemia in infants include jitteriness, 
convulsions, hypotonia, coma, refusal to feed, cyanosis, high 
pitched cry, hypothermia and even asymptomatic in most cases. 
Therefore, detection of hypoglycemia must always be con�rmed 
biochemically.�   

Maternal risk factors for preterm delivery composes of maternal 
age4, parity5, social economy and psychosocial condition6, 
previous preterm delivery7, and life style⁸.

Neuregulin 1 plays an important role in the development of the 
lungs, heart, and brain. Neuregulin 1 assists synthesis of surfactant 
in the fetal lungs and functions as neuroprotector, and NRG 1 
expression will effect according to gestational age and delivery risk 
factors.9 Researches regarding the role of NRG 1 in the neonatal 
population are still scarce, especially its association with blood 
glucose level in preterm infants.
 
The purpose of this study is to determine the association of 
neuregulin 1 level, maternal and neonatal risk factors, with blood 
glucose level in preterm infants.

MATERIAL AND METHODS 
This was a cross sectional study, whereas 50 preterm infants with 32-
36 weeks of gestational age through normal vaginal delivery and 
section caesarean were examined. Stillbirth and infants with severe 
congenital abnormalities were excluded. This study was conducted 
from June to August 2018 in four hospitals located in Medan, 
Indonesia.

 Maternal characteristics such as maternal age, weight, gravidity 
and parity, and delivery methods were recorded as maternal risk 
factors. Neonatal characteristics such as gender, birth weight, 
gestational age, one-minute Apgar score, �ve-minute Apgar score 
were recorded as neonatal risk factors. Neuregulin 1 levels were 
obtained from the blood of umbilical cord during delivery. Blood 
glucose levels were obtained from venous blood sample and were 
checked serially from the time of delivery within the �rst hour of life 
until discharged from hospital or 72 hours of age. Blood glucose 
levels of 40 mg/dL or lower were considered as hypoglycemia.  This 
study was approved by the Institutional Review Board of Universitas 
Sumatera Utara. Statistical data composed of univariate and 
bivariate were analyzed using SPSS version 22 (SPSS Inc., Chicago) 
with 95% con�dence interval. P value <0.05 were considered 
statistically signi�cant.

RESULT
Mean of maternal age were 30.9 years with mean of body weight 
were 69.3 kgs. A total of 96% gave birth through cesarean delivery 
where 58% having medical indications. There were 54% of 
premature infants had LBW (Table 1).

Table 1. Basic maternal and neonatal characteristic of 
subjects.
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Characteristics n = 50

Maternal age, years, mean + SD
      >31 years
      <31 years

30.9 + 5.23
21 (42%)
29 (58%)

Maternal weight, kg, mean + SD
      >69 kg
      <69 kg

69.3 + 10.87
25 (50%)
25 (50%)

Maternal gravidity, times, median (min-max)
        >2
     1 – 2 

           2 (1 – 5)
13 (26%)
37 (74%)

Maternal parity, times, median (min-max)
       >1
     0 – 1 

1 (0 – 2)
8 (16%)

42 (84%)

Delivery, n (%)
     Vaginal delivery
     Sectio caesarean

2 (4%)
48 (96%)
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Out of 50 preterm infants, there were 13 infants who developed 
hypoglycemia (26%). Regarding maternal risk factors, there was no 
association between maternal risk factors with hypoglycemia in the 
preterm infants. Regarding neonatal risk factors, preterm infants 
with gestational age of 32–<35 weeks and birth weight of ≤2500 gr 
were more likely to develop hypoglycemia (P=0.021 and P=0.010, 
respectively) (Table 2).
 
Neuregulin 1 levels in all the subjects had median value of 180,6 
pg/mL. Twenty-�ve subjects (50%) had higher NRG 1 level (≥181 
pg/mL), while other 25 subjects (50%) had lower NRG 1 level (<181 
pg/mL) (Table 3). Preterm infants with hypoglycemia had lower NRG 
1 levels compared to their counterparts (P=0.010) (Table 4).

Table 2. Association between maternal and neonatal risk 
factors with hypoglycemia in preterm infants

P<0.05
Table  3. Neuregulin 1 levels in the cord blood

Table 4. Association of NRG 1 levels with  hypoglycemia in 
preterm infants

Linear regression test showed that signi�cant risk factor(s) 
associated with hypoglycemia in preterm infants was NRG 1 levels, 
whereas lower NRG 1 levels (<181 pg/mL) had higher risk to develop 
hypoglycemia (P= 0,035; OR= 4.86) (Table 5).

Table 5. Risk factors for hypoglycemia in preterm infants

DISCUSSION
Hypoglycemia is common in neonates. The lowest blood glucose 
level in 2 hours of life which is generally due to physiological rather 
than pathological factors.10,11,12  Previous studies reported 
prevalence of hypoglycemia varied in neonates, approximately 
15.1-29.1%.13,14,15,16 The prevalence of hypoglycemia is 
signi�cantly higher in preterm infants. Singh et al. showed the 
prevalence of hypoglycemia in preterm infants and term infants 
were 19.05% vs 14.42%.�⁷
 
Neuregulin (NRG) is signaling protein, expresses in maturity process 
of the brain18, plays important roles in homeostasis and 
hemodynamics in cardiovascular system19, increases the 
proliferation of epithelial cells in the lungs20, and enhances the 
systemic glucose homeostasis��.
 
Maternal risk factors for preterm delivery composes of maternal 
age4, parity5, social economy and psychosocial condition6, 
previous preterm delivery7, and life style⁸.

This recent study found the prevalence of hypoglycemia in preterm 
infants was 26%. This prevalence difference is due to differences in 
the de�nition of hypoglycemia, inclusion criteria, sample size, and 
detection method of hypoglycemia. 

There was no association between maternal risk factors with 

Indication of preterm labor, n (%)
     Medical indication

     Spontaneous

29 (58%)
21 (42%)

Infant's gender, n (%)
     Male

     Female

25 (50%)
25 (50%)

Birth weight, gram, mean + SD
     <2500
     >2500

2,503.5 + 542.21
27 (54%)
23 (46%)

Gestational age, weeks, n (%)
     32 – <35 weeks
     35 – <37 weeks

17 (34%)
33 (66%)

Five-minute Apgar score, n (%)
     <3
     4-6
     >7

0 (0%)
1 (2%)

49 (98%)

Variable Hypoglycemia Total
n (%)

P
PR 

(95% CI)

Yes
n (%)

No
n (%) 0.314

1.91 
(0.53-6.87)

Maternal age

   >31 years 7 (33.3) 14(66.7) 21 (100)

   <31 years 6 (20.7) 23(79.3) 29 (100)

Maternal 
weight

0.747 0.86 (0.34-
2.19)

   >69 kg 6 (24) 19 (76) 25 (100)

   <69 kg 7 (28) 18 (72) 25 (100)

Maternal 
gravidity

   >2
   1 – 2 

2 (15.4)
11 (29.7)

11 (84.6)
26 (70.3)

13 (100)
37 (100)

0.469 0.52 (0.13-
2.03)

Mode of 
delivery

   Section 
caesaria

   
Spontaneous

13 (27.1)
0 (0)

35 (72.9)
2 (100)

48 (100)
2 (100)

0.392 -

Maternal 
parity
   >1

   0 – 1 

0 (0)
13 (31)

8 (100)
29 (69)

8 (100)
42 (100)

0.093 1.45 (1.18-
1.77)

Indication of 
preterm 

labor

 0.340 1.63 
(0.58 – 
4.59)

   Medical 9 (31) 20 (69) 29 (100)

   
Spontaneous

4 (19) 17 (81) 21 (100)

Gestational 
age

   32 – <35 
weeks

   35 – <37 
weeks

8 (47.1)
5 (15.2)

9 (52.9)
28(84.8)

17 (100)
33 (100)

0.021* 3.11 
(1.2-8.05)

Infant's 
gender
  Male

  Female

6 (24)
7 (28)

19(76)
18 (72)

25 (100)
25 (100)

0.747 0.86 (0.34-
2.19)

Birth weight
   <2,500 gr
   >2,500 gr

11 
(40.7%)
2 (8.7%)

16 (59.3)
21 (91.3)

27 (100)
23 (100)

0.010*             4.69 
(1.16-19)

5 minute 
Apgar score

   <7
   >7

0 (0)
13 (26.5)

1 (100)
36 (73.5)

1 (100)
49 (100)

1.000 1.36 
(1.15-1.61)

Variable n = 50
NRG 1 levels, median (min-max), 

pg/mL
    High (>181)
    Low (<181)

180,6 (121,1 – 6602,6)
25 (50%)
25 (50%)

Hypoglycemia Mean NRG 1 levels P

Yes
No

177.6
497.1

0.010

Risk factors P OR (IK 95%)
Gestational age 32-<35 

weeks
Birth weight ≤2500 gr

NRG 1 levels <181 pg/mL

0.831
0.382
0.035

1.17 (0.269 - 5.132)
1.93 (0.441 – 8.470)

4.86 (1.116 – 21.161) 
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hypoglycemia in the preterm infants. Regarding neonatal risk 
factors, birth weight and gestational age  were associated with 
hypoglycemia. Preterm infants with birth weight of ≤2500 gr were 
signi�cantly increased risk of 4.69 times experiencing hypoglycemia 
compared to birth weight > 2500 gr. Preterm infants with 
gestational age of 32–<35 weeks were had higher risk of 3.11 times  
experiencing hypoglycemia compared to preterm infants with 
gestational age of 35 – <37 weeks. This result was in line with 
previous studies.17,22 Neuregulin 1 levels had median of 180,6 
pg/mL. Preterm infants who developed hypoglycemia had lower 
NRG 1 levels compared to their counterpart. Signi�cant associated 
risk factors to hypoglycemia is NRG 1 levels, whereas low NRG 1 
levels (<181 pg/mL) had higher risk to develop hypoglycemia. As far 
as our knowledge, this is the �rst study to determine the association. 
In the �rst week of life, premature and LBW infants are prone to 
hypoglycemia because their small reserves and immature 
metabolic pathways. After birth, the transplacental glucose supply 
is interrupted, while vital organs require continuous glucose supply 
to meet nutritional needs. Simultaneously, glycogenic hormones 
increase, partially suppressing insulin secretion. Premature infants 
become prone to hypoglycemia due to the limited glycogen and fat 
stores,  lack of ability to generate glucose through the 
gluconeogenesis pathway, have a high metabolic demand due to 
relatively higher brain size, and have a poorly developed counter-
regulatory mechanisms to prevent hypoglycemia.23,24,25 The 
American Academy of Pediatrics (AAP) recommends hypoglycemia 
screening in high-risk populations including premature infants.�⁶

The limitation of this study is that infant of diabetic mother was not 
analyzed as a risk factor for hypoglycemia in preterm infants and 
breastfeeding in the delivery room could not be anticipated even 
though the amount are expected to be almost negligible.

CONCLUSIONS
There was no association between maternal risk factors with 
hypoglycemia. Regarding neonatal risk factors, birth weight of 
≤2500 gr and gestational age of 32–<35 weeks were associated with 
hypoglycemia. NRG 1 levels had median of 180,6 pg/mL. Preterm 
infants who developed hypoglycemia had lower NRG levels 
compared to their counterparts. Signi�cant associated risk factors 
to hypoglycemia was NRG 1 levels, whereas low NRG 1 levels (<181 
pg/mL) had higher risk to develop hypoglycemia.
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