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Abstract:  
Background:  Neonatal sepsis and neonatal hypoglycemia are risk factors for abnormal neuro-motor and cogni-
tive development and has been associated with abnormalities on brain imaging and a spectrum of developmental 
delays.  
Objectives: Aim of this study to determine the impact of Neonatal sepsis and hypoglycemia on neonatal neuro-
developmental outcomes in our tertiary care hospital. 
Methods: This was a cross sectional observational study enrolled neonates suspected of neonatal sepsis and hy-
poglycemia admitted in our hospital during the study period. The neonatal hypoglycemia was defined as blood 
glucose ≤45mg/dL. Growth and Neuro-developmental Outcomes was measured and depicted in terms of weight, 
length, head circumference, Cerebral Palsy (CP), Visual Impairment, Hearing Impairment, developmental delay, 
tone abnormalities and retinopathy of Prematurity. 
Results: Among hypoglycemia group 32 (64%) were boys whereas among control group 56% had boys. No 
significant difference of baseline variables of neonatal hypoglycemia and control group, except Apgar score at 1 
min and Hypoglycemic episodes. Among maternal demographic data Gestational age were significantly differ 
between the hypoglycemia and non hypoglycemic group. Majority of the maternal and neonatal parameters such 
as gestational age, Maternal Diabetes, IUGR, hospital stay, Neonatal Hypoglycemia, birth weight, Birth length 
and neonatal OFC were significantly difference among sepsis and non-sepsis group. Comparing the outcomes 
between the two groups the outcome of abnormal neurological examination was significantly more in sepsis 
group than in control.  
Conclusion: Neonatal sepsis was significantly associated with the abnormal neuro developmental outcomes but 
neonatal hypoglycemia produced neuro-developmental delay but it was not statistically significantly associated. 
Keywords: Neonates, Sepsis, Neonatal Hypoglycemia, Neuro-Developmental Outcomes. 
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Introduction 

Neonatal hypoglycemia refers to the temporary 
condition of a decreased blood sugar level in a 
neonate, which is especially likely to occur in the 
newborns of diabetic mothers [1].  

Neonates who are born from mothers with diabetes 
have an average rate of hypoglycemia of 8–30%, 
which is significantly higher than that of infants 
who are born from nondiabetic women (3%) [2].  

With the improvement of living standards and 
lifestyle changes, the incidence of gestational 
diabetes mellitus has been increasing in recent 
years [3, 4]. Therefore, neonatal hypoglycemia is 
more frequent today than in the past. 

Hypoglycemia is still a major metabolic 
abnormality in neonates [2].Neonatal 
hypoglycemia is a common and readily treatable 
risk factor for neurologic impairment in children.  

Although associations between prolonged 
symptomatic neonatal hypoglycemia and brain 
injury are well established, [5] the effect of milder 
hypoglycemia on neurologic development is 
uncertain [6].  

Consequently, large numbers of newborns are 
screened and treated for low blood glucose 
concentrations, which involves heel-stick blood 
tests, substantial costs, and the possibility of 
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iatrogenic harm. Under current guidelines,[7] up to 
30% of neonates are considered to be at risk for 
hypoglycemia, 15% receive a diagnosis of 
hypoglycemia, and approximately 10% require 
admission to a neonatal intensive care unit,[8] 
costing an estimated $2.1 billion annually in the 
United States alone[9].In year 2010, 15 million 
infants were born preterm worldwide.  

Out of these, 13 million were survived and 2.7% 
had moderate-to-severe neurodevelopment 
impairment [10]. Intrauterine infections are also 
associated with cerebral white matter injury and 
subsequent neurodevelopmental impairment [11]. 
The incidence of neonatal sepsis according to the 
data from National Neonatal Perinatal Database 
(NNPD, 2002-03) is 30 per 1000 live births. 
Septicemia was the commonest clinical category 
with an incidence of 23 per 1000 live births while 
the incidence of meningitis was reported to be 3 per 
1000 live births. 

Many LBW and ELBW infants have at least 1 
episode of early-onset or late-onset infection during 
their initial hospital stay. Neonatal infections and 
necrotizing enterocolitis (NEC) have been linked 
with an increased risk of neurodevelopment 
impairment in LBW survivors [12]. However, the 
prognostic importance of infection relative to the 
other neonatal morbidities remains uncertain. 

Materials and Methods 

This was a cross sectional observational carried out 
in the department of pediatrics in a tertiary care 
hospital in central India. All neonates admitted in 
our hospital during the study period were enrolled.  

Neonatal sepsis was considered in the presence of 
positive blood culture and/or clinical and laboratory 
sign suggest of infection.  

The neonatal hypoglycemia was defined as blood 
glucose ≤45mg/dL. These were then further subdi-
vided by glucose ranges into degree of severity, 
with most severe defined as glucose ≤35 mg/dL, 
moderate hypoglycemia defined as glucose level of 
36 to 40 mg/dl, and mild defined as glucose level of 
41 to 45 mg/dl 

Inclusion criteria 

• Neonates age < 1 years with both sexes 
• Neonates diagnosed as sepsis and hypoglyce-

mic 
• Whose parents or guardians provide written 

inform consent  

Exclusion criteria 

• Age more than one year 

• Infant of congenital malformation or genetic 
disorder 

• Infants with major congenital malformations, 
severe perinatal asphyxia (5min Apgar < 4 
and/or cord Ph < 7.0), and post neonatal 
meningitis or other CNS infections  

• Whose parents or guardians not provide con-
sent for the study 

Gestational age was determined by first-trimester 
ultrasound scan. Relevant neonatal data of all neo-
nates including morbidity and mortality during the 
hospital stay was recorded in a predesigned profor-
ma at the time of discharge from the hospital. Rec-
orded data included birth weight, sex, and the need 
for resuscitation at birth and Apgar scores at 1 and 5 
minutes  

Socio-demographic data were recorded from all the 
participants included history, breast feeding status, 
clinical examination and laboratory investigation 
was done. 

Growth is measured and depicted in terms of 
weight, length, and head circumference. 

Neuro-developmental Outcomes was measured in 
the form of Cerebral Palsy (CP), Visual Impair-
ment, Hearing Impairment, Developmental Delay, 
Tone Abnormalities, Osteopenia of Prematurity, 
Hyper reactive Airway Disease and Hospital Re-
admissions during Infancy. 

Statistical Analysis: Analysis was performed with 
SAS software, version 22. Results are presented as 
risk ratios and mean differences with 95% confi-
dence intervals. A two-tailed alpha level of less 
than 0.05 was considered to indicate statistical sig-
nificance 

Results 

This study enrolled 50 children diagnosed as 
neonatal hypoglycemia and 50 aged matched 
healthy siblings without neonatal hypoglycemia.  

Among hypoglycemia group 32 (64%) were boys 
and 18 (36%) were girls whereas among control 
group 56% had boys and 44% have girls.  

No significant difference of baseline variables of 
neonatal hypoglycemia and control group, except 
Apgar score at 1 min and Hypoglycemic episodes 
was significantly differ between the groups 
(P<0.05).  

Among maternal demographic data Gestational age 
were significantly differ between the hypoglycemia 
and non hypoglycemic group [Table: 1]. 
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Table 1: Maternal and Neonatal Demographics and Confounding Variables with and without hypoglyce-
mia 

Variables Hypoglycemia group N=50 Control group N=50 P value 
Baseline variables of the neonatal data 
Boys / Girls  32/ 18 28/22  0.414 
Birth weight (g) 3024±751 3139±837 0.471 
Cord pH 7.1±0.4 7.2±0.5 0.272 
Apgar at 1 min 8.6±1.2 9.2±1.6 0.036 
Apgar at 5 min 9.4±1.1  9.7±1.3  0.215 
Hypoglycemic episodes  1.8±0.7 0 <0.001 
Sepsis 22 (44%) 12 (24%) >0.05 
Baseline variables of the maternal data 
Gestational age (wks + days) 37.2± 1.5 38.06 ± 1.8 0.010 
Maternal diabetes 27 (54%) 17 (34%) 0.840 
Preterm labor 29 (58%) 21 (42%) 
IUGR 10 (20%) 6 (12%) 
Caesarian section 42 (84%) 39 (78%) 
Premature rupture of membrane 12 (24%) 9 (18%) 
Most of the neonates have mild hypoglycemia (43%) followed by moderate hypoglycemia (34%) then severe 
hypoglycemia (23%) [Figure 1]. 

 
Figure 1: Severity of hypoglycemia among the neonatal subjects 

Among the total participants 46 infants had sepsis and 54 infants were without sepsis as control group. On com-
paring the sepsis and non-sepsis group the sex ratio were similar in both the group. Majority of the maternal and 
neonatal parameters such as gestational age, Maternal Diabetes, IUGR, hospital stay, Neonatal Hypoglycemia, 
birth weight, Birth length  and neonatal OFC were significantly difference among sepsis and non-sepsis group 
[table:2]. 

Table 2: Comparison of basic variables between neonatal sepsis and non-sepsis groups 
Characteristics  Sepsis group N=46 No sepsis group N=54 P value 
Boys / Girls  30/ 16 34/20  0.814 
Birth weight, median (gms) 2708 3065 <0.05 
Birth OFC, median (cm) 26.87 29.54 <0.05 
Birth length, median (cm) 36.44 38.78 <0.05 
Gestational age (wks) 35.4± 2.5 37.7 ± 2.8 <0.001 
Neonatal Hypoglycemia 41 (89.2%) 9 (16.7%) 0.016 
Maternal Diabetes 10 (21.7%) 8 (14.8%) 
IUGR 11 (23.9%) 10 (18.5%) 
Hospital stay, Mean ± SD 16.4± 4.5 12.7 ± 2.3 <0.05 
Comparing the outcomes between the two groups the outcome of abnormal neurological examination was 
significantly more in sepsis group than in control group (𝑝 < 0.05). 

43%

34%

23%

Neonatal hypoglycemia

Mild hypoglycemia

Moderate hypoglycemia

Severe hypoglycemia



 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Bais et al.                                                                                             International Journal of Pharmaceutical and Clinical Research 

1444 

Table 3: Neuro developmental outcomes in neonatal sepsis and non-sepsis groups 
Neuro developmental outcomes Sepsis group  No sepsis group  P value 
Abnormal outcome 69.6% 20.4%  <0.001 
Cerebral palsy 13.1% 3.7% 0.10 
Squint 8.6% 5.6% 0.68 
Hearing aids 6.5% 1.8% 0.17 
DDST fail 32.6% 9.3% 0.001 
Blindness 10.8% 00% 0.01 
Tone abnormalities 13.1% 1.8% 0.081 
Abnormal BERA 26.1% 5.6% <0.001 
Retinopathy of Prematurity 23.9% 9.3% 0.001  
Abnormal Neuro-sonogram 60.8% 11.1% 0.001  
 
Discussion 

Many observational studies have demonstrated 
neuro developmental impairment and/or abnormal 
MRI scan of the brain after neonatal hypoglycemia, 
depending on the severity, duration, and co morbid 
factors. High-evidence clinical studies on the 
cerebral outcome after neonatal transient 
hypoglycemia are sparse [13]. 

In our study most of the infant’s participants were 
boys; similar finding also reported by others 
studies: Harris DL, et al [14] and McKinlay, et al 
[15]. Present study showed that neonates with 
sepsis had a significantly higher incidence of 
abnormal neuro developmental outcomes than 
neonates without sepsis, our results were 
comparable with the Manikyamba et al [16] and 
Sunil J, et al [17]. 

A study done by M. Modi, et al [18], reported that 
very low birth weight (VLBW) infants exposed to 
culture-proven sepsis comparing poor neuro 
developmental outcomes than VLBW infants 
without sepsis. Our study showed that infants with 
the sepsis were significantly growth retarded as 
compared to control group; in agreement with the 
Stoll et al [19], demonstrates that infection affects 
weight and head circumference at both 36 weeks of 
PCA and 18 to 22 months of corrected gestational 
age.  

A study performed by Soleimani et al. [20], 
observed that premature infants are at risk of major 
and minor deficits such as cerebral palsy, cognitive 
and speech delays, motor and visual deficits, 
psychosocial and behavioral disorders and 
dysfunction at school.  

Current study reported that Neonatal hypoglycemia 
was not significantly associated with an increased 
risk of neuro developmental impairment, consistent 
observation found in many other research studies 
like;’ Rasmussen, et al [21] and Goode RH, et al 
[22], in contrast to our study Boluyt N, et al [23] 
reported that significant neuro developmental 
impairment and/or abnormal MRI scan of the brain 
was seen after neonatal hypoglycemia. 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.  

We were not able to establish an association 
between the degree of hypoglycemia and 
neurologic outcomes, most likely because treatment 
was effective and the infants were monitored 
closely, so that recurrent or severe hypoglycemia 
was rare. 

Conclusion 

We have concluded that the Neonatal sepsis were 
significantly associated with abnormal neuro 
developmental outcomes (both cognitive and 
psychomotor) in neonates. Neonatal hypoglycemia 
produced neuro-developmental delay but it was not 
statistically significantly associated. 
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