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Abstract

Background and Aim: Hypoglycemia is less studied in healthy
at-risk neonates compared with hospitalized neonates, espe-
cially in the first few days of life. Hypoglycemia can have
serious neurologic implications later in life. This study was con-
ducted to assess the incidence, predictors, and outcomes
of hypoglycemia among at-risk neonates and its neurologic
implications during the first few months of life.

Materials and Methods: Af-risk neonates were screened for
hypoglycemia at 2, 6, 12, 24, 48, and 72 hours of life. They were
subjected to neurodevelopmental assessment at 3 and 6
months of life and were evaluated based on the Rashtriya Bal
Swasthya Karyakram developmental scale.

Results: Of the 483 neonates, 65 (13.5%) neonates had hypo-
glycemia. Low birth weight, small for gestational age, mater-
nal hypothyroidism, maternal chorioamnionitis, delayed first
feed, feeding of milk other than breast milk, low frequency of
feed, > 4 hours of interval between night feeds, lack of support
from health worker for early feeding initiation, and maternal
sedation were predictors of hypoglycemia. At the 3-month fol-
low-up, 4 of the 55 neonates showed a developmental delay,
which was observed at 6 months too. Vision (3/4) was the most
commonly affected domain.
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Conclusion: The incidence of hypoglycemia in af-risk neonates
was comparable with that in hospitalized neonates. Maternal
risk factors and faulty feeding habits increased the hypoglyce-
mic episodes. Neonates who developed hypoglycemia need
fo be monitored for developmental delay, especially for vision-
related problems.

Key Words: Blood glucose level, Rashtriya Bal Swasthya
Karyakram developmental scale, low birth weight, small for
gestational age, maternal hypothyroidism, gestational diabe-

tes mellitus, chorioamnionitis, jitteriness

Intfroduction

Hypoglycemia is a frequently encountered metabolic
problem in neonates.* After birth, neonates lose the
continuous supply of transplacental glucose. A high
brain-to-body weight ratio along with developmen-
tal immaturity of adaptive mechanisms such as glu-
coneogenesis and glycogenolysis further increase the
chances of hypoglycemia in neonates. Symptoms of
hypoglycemia are nonspecific and include feeding dif-
ficulties, tachypnea, hypotonia, abnormal cry, jitteri-
ness, apnea, coma, and convulsions. Prolonged and
repeated episodes of hypoglycemia are associated with
poor neurologic outcomes.’* The at-risk groups—neo-
nates who are born premature, small for gestational
age (SGA), have low birth weight (LBW), and whose
mothers have diabetes—should be monitored for their
blood glucose level (BGL) routinely, especially, in the
early hours of life’” The incidence of hypoglycemia is
variable and depends on the criteria used in differ-
ent studies.*®” According to the National Neonatal-
Perinatal Database, in India, the incidence of
hypoglycemia was 0.6% among intramural neonates
and 3.2% among extramural neonates.” The effect of
neonatal hypoglycemia is high in developing countries,
where neonatal mortality accounts for 50% to 60%
of neonatal deaths."" The proportion of SGA neonates
is higher in the developing countries than that in the
developed countries. As universal screening of BGL
may not be possible, there is a need to identify neonates
who are at high risk of developing hypoglycemia, espe-

cially in resource-limited countries such as India.?

172 ¢ PERINATOLOGY ¢ Vol 22 ¢ No. 3 »« Oct-Dec 2021

Alm
To assess the incidence and predictors of hypoglycemia

among at-risk neonates and monitor their neurodevel-
opment at 3 and 6 months of life

Materials and Methods
Study design

This prospective, observational study was conducted in
the neonatal unit of King George’s Medical University
(Lucknow, Uttar Pradesh, India), a tertiary care teach-
ing hospital, from September 2016 to August 2017. A
total of 483 healthy neonates were enrolled into this
study. Ethical clearance was obtained from the insti-
tutional ethics committee, and informed consent was
obtained from the parents.

Inclusion criteria

Neonates of mothers with diabetes, large-for-gestational
age neonates (birth weight > 90th centile), SGA neo-
nates (birth weight < 10th centile), preterm neonates
(< 37 wk of gestation), and LBW neonates (weighing
< 2500 g) were considered for this study.

Exclusion criteria

Neonates with major congenital malformations,
hypoxic—ischemic encephalopathy stage 3, meningi-
tis, and acute bilirubin encephalopathy were excluded.
Neonates whose parents did not consent for the study
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and were not willing to attend follow-ups, and hospital-
ized neonates were excluded.

Sample size calculation

Sample size was calculated based on the study by Harris
et al.”” To calculate a 95% confidence interval for a pro-
portion with a margin of error not more than 5%, the
sample size has to be 384. It was increased by 25% to
compensate for loss to follow-up.

Study procedure

Mothers were counseled about the neonatal feeding
schedule. Feeding was initiated in the first hour of life
and thereafter every 2 to 3 hours or as required. The
BGL in neonates was estimated at 2, 6, 12, 24, 48, and
72 hours of life. Neonates were monitored for clini-
cal symptoms for a minimum of 72 hours, and those
with on-going risk were monitored thereafter too.
Hypoglycemia was defined as BGL < 45 mg/dL (< 2.2
mmol/L) according to the WHO’s criterion.” Severity
of hypoglycemia was graded as mild, if the BGL was
40 to 44 mg/dL; moderate, if the BGL was 30 to 39
mg/dL; and severe, if the BGL was < 30 mg/dL.

Detailed data of all the enrolled neonates including
weight, gestational maturity, sex, feeding details (e,
time of initiation of the first feed, type, duration, fre-
quency of feeding, and night feeds), clinical symptoms,
treatment details, any complications, duration of hos-
pital stay, and outcome were recorded. Maternal data
including age, parity, socioeconomic status, antena-
tal care, blood group, and metabolic conditions such
as diabetes and thyroid disorder were recorded. Data
about pregnancy-related conditions including gesta-
tional diabetes mellitus, antepartum hemorrhage, preg-
nancy-induced hypertension, antenatal corticosteroid
status, chorioamnionitis (ie, maternal fever, foul smell-
ing discharge, color of liquor, uterine tenderness, mater-
nal tachycardia, fetal tachycardia, and leukocyte count),
and intrapartum details such as evidence of fetal dis-
tress, prolonged labor, obstructed labor, any medications
received, and mode of delivery were also recorded. After
delivery, information about pain and sedation in the
mother and availability of a lactation counselor was also

recorded. Neonates who developed hypoglycemia were
treated according to the unit protocol.

The BGL was measured using glucometer (On
Call Plus Glucometer, SJV Scientific Company,
Coimbatore, Tamil Nadu, India) and glucose oxidase
method. In case of low BGL, the blood samples were
collected in fluoride vials and assessed using reflectance
spectrophotometry.

Developmental assessment of the neonates was done
at 3 and 6 months using the Rashtriya Bal Swasthya
Karyakram (RBSK) developmental scale." Accordingly,
each neonate was assessed for 6 domains: gross motor,
fine motor, hearing, speech, vision, and cognition and
socialization. A delay in the development was noted
when an infant failed to achieve the age-specific domain
characteristics.

A brain magnetic resonance imaging (MRI), brainstem
evoked response audiometry (BERA), visual evoked
potential (VEP), and electroencephalography (EEG)

were done in neonates with symptomatic hypoglycemia.

Statistical analyses

Data were summarized as mean (SD) for quantitative/
continuous data and proprotion/percentages for quali-
tative/categorical data. Categorical data were analyzed
using the ¢’ test or Fisher’s exact test, and continuous
data were analyzed by ¢ test or Mann—Whitney U test.
A Pvalue of < .05 was considered statistically significant.
Relevant variables (P < .05) were included in the multi-
variate logistic regression model to identify independent
predictors of hypoglycemia. Statistical analysis was done
using SPSS version 23 (IBM Corp, Armonk, NY, USA).

Results

Of the 483 enrolled neonates, 65 (13.5%) were hypogly-
cemic. Of these 65 neonates, 9 (13.8%) had severe, 53
(81.5%) had moderate, and 3 (4.7%) had mild hypogly-
cemia. A single episode of hypoglycemia was noted in 40
(61.5%) of the 65 neonates, whereas 25 (38.5%) of them
had recurrent episodes. The number of neonates who
developed hypoglycemia at 2 hours of life were 35/65; at
6 hours, there were 19/65 (6 neonates had new episodes);
at 12 hours, there were 15/65 (10 had new episodes); at
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24 hours, there were 11/65 (10 had new episodes); at 48
hours, there were 8/65; and at 72 hours, there were 7/65.
Of the 65 neonates, 11 (16.9%) neonates were sympto-
matic and 54 (83.1%) neonates were asymptomatic.

Jitteriness was the most frequent symptom.

Table 1 presents a comparison of the neonatal and
maternal baseline and clinical characteristics between

neonates with and without hypoglycemia.

Table 1. Baseline and Clinical Characteristics of the
Mothers and the Neonates
- Hypoglycemia No .
Characteristic "~ " | Hypoglycemia, | P Value
n=65 °
n=418
(B,\'Arg;xvz'gtg) 9 2329 + 629 2466 £647 | 119
Weight for
Gestational Age,
n (%)
SGA 36 (55.4) 122 (29.2)
AGA 21(32.3) 250 (59.8) <.001
LGA 8 (12.3) 46 (11.0)
Gestational Category,
n (%)
Preterm 32 (49.2) 172 (41.1) < 001
Term 33 (50.8) 246 (58.9) )
Sex, n (%)
Male 33(53.8) 255 (61.4) 181
Female 32 (46.2) 163 (32) '
Parity, n (%)
Uniparous 38 (58.5) 235 (56.2) 735
Multiparous 27 (41.5) 183 (43.8) '
Socioeconomic
Status, n (%)
Low 26 (40) 197 (47.1) 56
Middle to upper 39 (60.0) 221(52.9.0) '
Mode of Delivery,
n (%)
Vaginal 30 (46.2) 256 (61.2) 021
LSCS 35 (53.8) 162 (38.8) '
Maternal Education,
n (%)
Uneducated 25 (38.5) 130 (31.1) 609
Educated 40 (61.5) 288 (68.9) '
ANC Visits, n (%)
Incomplete 34 (52.3) 203 (48.6) 574
Complete (> 4) 31 (47.7) 215 (51.4) '
Maternal Gestational
Characteristics
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Mother with

hypothyroidism, 6(9.2) 7(17) 004

n (%)

Clinical

chorioamnionitis, 15 (23.1) 15 (3.6) <.001

n (%)

GDM detection,

wk (Mean £ SD) 289+ 2.1 30.9+3.7 003

GDM, n (%) 30 (46.2) 128 (30.6) 013

Prolonged labor,

n (%) 4(6.2) 3(0.7) .008

Fetal distress,

" %) 12 (18.5) 41(9.8) 038
AGA, appropriate for gestational age; ANC, antenatal care; GDM, gestational diabetes
mellitus; LGA, large for gestational age; LSCS, lower segment cesarean section; SGA,
small for gestational age.

The proportions of SGA neonates (55.4% vs 29.2%;
P < .001) and preterm neonates (49.2% vs 41.1%;
P = .01) were significantly higher in the hypoglycemia
group compared with that in the nonhypoglycemia
group. The incidence of hypoglycemia was significantly
high in neonates born to mothers with hypothyroidism
(9.2% vs 1.7%) and chorioamnionitis.

More number of neonates born to women with GDM
had hypoglycemia (46.2%) compared with the num-
ber of neonates born to women without GDM (30.6%)
(P < .05). The mean gestational age for the detection of
diabetes mellitus was significantly lower in women who
delivered neonates with hypoglycemia than those who
delivered neonates without hypoglycemia.

Intrapartum parameters such as prolonged labor and
fetal distress were found to be significantly associated
with hypoglycemia in the neonates (7 < .05). The inci-
dence of hypoglycemia was higher in neonates born
through cesarean delivery compared with those born
through vaginal delivery (53.8% vs 46.2%) (P < .05).

A comparison of the feeding-related parameters among
the hypoglycemia and the nonhypoglycemia groups
showed that a delay of > 1 hour of the first feed (71.8%
vs 29.2%); feeding of milk other than breast milk
(69.4% vs 27.6%); neonates not being breastfed directly
(38.8% vs 9.8%); poor latching to the breast (30.0% vs
2.2%), frequency of feeds (ie, < 8 times a day [26.6%
vs 2.2%]); and lack of early support from a health
care worker in initiating breastfeeding within the first
2 hours of birth (78.5% vs 59.8%) were significantly
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associated with hypoglycemia (2 < .05). Other param-
eters such as maternal sedation and inadequate breast
milk as perceived by the mother were also significantly
common in the hypoglycemia group.

Upon performing multivariate logistic regression analy-
sis, it was observed that LBW, SGA, maternal hypothy-
roidism, chorioamnionitis, a delay of > 1 hour of the
first feed, lack of direct breastfeeding as the primary
feeding method, inadequate breast milk as perceived by
the mother, feeding frequency < 8 times/day, > 4 hours
of interval between night feeds, lack of support from a
health worker for the early initiation of breastfeeding,
and maternal sedation were the independent predictors
of neonatal hypoglycemia as shown in Table 2.

Table 2. Predictors of Hypoglycemia as Determined

Using the Logistic Regression Analysis

Predictor/Variable | p-Coefficient | P Value Ad‘o”;ted 95% Cl
2.911-

LBW 3.124 .003 22.727 177467
4.542-

SGA 3.232 <.001 | 25.328 141.230

Maternal 1.567-

Hypothyroidism &l Wi = 156.243

Clinical 2101 040 | 8A77 | 1.096-60.982

Chorioamnionitis

Interval of > 4 h

Between Night 2.124 .003 8.364 | 2.013-34.757

Feeds

Lack of Support

From Health

Care Worker for 5.725-

the Initiation of 3.246 0 25699 115.357

Breastfeeding

Within 2 h of Birth

nadequate Breast] 128 | 001 | 8395 | 2362-29.836

>1hDelayinthe | 5591 | <001 | 9887 |3.170-30.837

First Feed

LIPS 2080 | 004 | 8002 |1.956-32746

Breastfeeding

Feeding

Frequency < 8 3.360 .001 28.783 3.996-

! 207.323
Times/d
LBW, low birth weight; SGA, small for gestational age.

In majority (73.8%) of the neonates with hypoglycemia,
the BGL got normalized with regular feeding itself,
whereas 26.1% of the neonates with hypoglycemia

required glucose infusion. The mean duration of glu-
cose infusion was 58.6 + 49.4 hours.

Neonatal outcomes at 3 and 6
months of life

Of the 65 neonates with hypoglycemia, 10 were lost to
follow-up at 3 months. Of the 55 neonates who were
followed up, 51 neonates were developmentally nor-
mal, whereas 4 neonates showed a delay in the devel-
opmental domains. These 4 neonates continued to have
a developmental delay at 6 months of age as well. At
6 months, 5 more neonates were lost to follow-up. Of
the 50 neonates who were followed up, 46 were neuro-
logically sound at 6 months of age. Vision was the most
frequently affected domain in symptomatic neonates—
poor eye-to-eye contact at 3 months and lagging while
following objects at 6 months were observed. The

speech domain was not affected. The results of the brain
MRI, BERA, VEP, and EEG screening were as follows:

Brain MRI: At 3 months of age, 3 of the 10 neonates
and at 6 months of age, 1 of the 7 neonates had an
abnormal MRI report. Signal alteration in the parieto-
occipital area and age-inappropriate atrophic changes
in the parieto-occipital area, internal capsule, and basal
ganglia were noted.

BERA: An increased interpeak latency and threshold
were seen in 3 of the 31 neonates followed up at 3
months and 1 of the 16 neonates followed up at 6
months of age.

VEP: At 3 months, 9 of the 23 neonates had an abnor-
mal VEP, and at 6 months, 7 of the 22 neonates had an
abnormal VEP.

EEG: Of the 25 neonates with hypoglycemia, 3 had
epileptiform discharges at 3 months and 1 of these 3
neonates had persistent epileptiform discharges even at
6 months of age.

Discussion

A variation can be noted in the incidence of hypoglyce-
mia reported in earlier studies because of the differences
in the inclusion criteria, methods of testing, and defini-
tion of hypoglycemia. In this study, we found the inci-
dence of hypoglycemia in the at-risk group to be 13.5%.

PERINATOLOGY ¢ Vol 22 ¢ No. 3 ¢ Oct-Dec 2021 ¢ 175



Original Article

Kumar P, et al. Incidence, Predictors, and Outcomes of Hypoglycemia Among At-Risk Neonates

This is in line with the incidence reported in previous

studies.>™

However, Harris et al,”* in their study, found
51% of atrisk neonates to be hypoglycemic, which

widely differs from that of our study.

In neonates, the BGL decreases drastically in the first
1 to 2 hours of life and then increases and stabilizes
gradually. The presence of associated risk factors can
cause a delay in the early stabilization of BGL, lead-
ing to frequent episodes of hypoglycemia. In this study,
the majority of the episodes occurred within the first
24 hours of life because of the associated risk factors.
Similar results were observed in previous studies too.>
7 We found a higher incidence of hypoglycemia in SGA
neonates (55.4%) compared with that reported in other
studies.””"”"® The increase in the proportion of SGA in
India and standardized BGL monitoring could be the
reasons for this high incidence. In this study, the inci-
dence of hypoglycemia was higher in preterm neonates
than in term neonates, which is similar to the data
reported in other studies.”*® Also, factors such as faulty
and delayed feeding and sepsis significantly affected the
incidence of hypoglycemia. Nonmodifiable risk factors
such as maternal hypothyroidism and GDM also played
a significant role in causing hypoglycemia. These find-

ings are similar to that reported in previous studies.”**

Exclusive breastfeeding is necessary to meet the meta-
bolic needs of neonates, and any delay in the early estab-
lishment of breastfeeding (eg, supplementing with water,
glucose water, or formula instead of breast milk) predis-
poses neonates to hypoglycemia. Not only delayed initia-
tion of breastfeeding, but also other variables that have
not been discussed in previous studies such as not using
breastfeeding as the primary feeding method, poor latch-
ing to the breast, decreased frequency of feeding, and
mothers” perception of having inadequate breast milk
were observed to be the predictors of neonatal hypoglyce-
mia in this study. Besides, we found that the lack of sup-
port from health care workers for the initiation of early
breastfeeding could also be a contributing factor for the
increased incidence of neonatal hypoglycemia.

Jitteriness was the predominant sign in sympto-
matic cases, which is similar to that reported in other
studies.”** Using the standard protocol for treating
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hypoglycemia, we found that regular feeding was suf-
ficient to correct hypoglycemic episodes in the majority
of the neonates. This shows the significant role of early
establishment of breastfeeding in supporting metabolic
adaptation in a neonate and reducing the incidence of
hypoglycemia.

Furthermore, persistent or recurrent hypoglycemia in
neonates can result in brain injury, cognitive impair-
ment, vision disturbance, and other long-term conse-
quences.”” In this study, we found that most of the
hypoglycemic episodes did not result in significant neu-
rodevelopmental problems. The majority (> 90%) of
the neonates with hypoglycemia were developmentally
normal. But, the neonates who had recurrent hypogly-
cemia showed difficulty in making proper eye contact
and following an object, when assessed at 3 months of
age. This indicates an impairment in the vision domain
that resulted due to the occipital lobe injury. In the neo-
nates with severe and recurrent hypoglycemic episodes,
the MRI reports showed the involvement of the pari-
eto-occipital region, as seen in other studies.’*?!

This study had a few limitations. Although this was
a prospective study, there was loss to follow-up. Also,
MRI and other tests for developmental assessments
could not be done in many of the neonates because of
resource constraints.

Conclusion

In this study, we found that prematurity, SGA, LGA,
LBW, and GDM increased the risk of hypoglycemia
in neonates, especially in the early hours of life when
the metabolic adaptation occurs. Thus, active screen-
ing of these at-risk neonates, even before the appearance
of symptoms of hypoglycemia, is justifiable. In the at-
risk neonates, special attention should be paid to initi-
ate feeding within the first hour of birth, either through
direct breastfeeding or expressed breast milk with the
active involvement of a health care worker. Also, care
must be taken to ensure that the interval between 2
consecutive feeds does not exceed beyond 4 hours,
especially at night. Further, neonates who develop
hypoglycemia need to be monitored for developmental
delays, seizures, and hearing and vision problems dur-
ing follow-ups.
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