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Objective: To determine the incidence and risk factors associated with neonatal

hypoglycemia in the premature population <33 weeks’ gestation.

Methods: This was a secondary retrospective analysis from previous infants enrolled

in randomized controlled trials. A total of 255 infants <33 weeks’ gestation were born

during the study period. Eight infants were excluded due to missing glucose or maternal

data and 175 infants were analyzed.

Main outcome measures: Primary outcome was hypoglycemia (blood glucose

<2.6mmol/L) determined via glucose oxidase method on arterial or venous blood

gas. Birth weight subgroups: small for gestational age (SGA, birth weight <10%ile for

gestational age) and large for gestational age (LGA, birth weight >90%ile for gestational

age). Maternal hypertension was systolic blood pressure >140mmHg.

Results: 175 infants <33 weeks’ gestational age (89 male, 84 female) were analyzed.

Hypoglycemia occurred in 59 infants (33.7%). Maternal hypertension (OR 3.07, 95% CI

1.51–6.30, p = 0.002) was the sole risk factor for neonatal hypoglycemia. Protective

factors for hypoglycemia included labor at time of delivery (OR 4.51, 95% CI 2.29–9.18,

p <0.0001) and antenatal magnesium sulfate (OR 2.53, 95% CI 1.23–5.50, p = 0.01).

There were no significant differences between hypoglycemic and euglycemic infants in

sex, gestational age, LGA infants, antenatal steroids, vaginal birth, or maternal diabetes.

SGA infants were excluded from analysis due to sample size.

Conclusions: Premature infants <33 weeks’ gestation have increased risk

of hypoglycemia. Maternal hypertension increases hypoglycemia risk. Antenatal

magnesium sulfate administration or labor at time of delivery decrease hypoglycemia risk.
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INTRODUCTION

Neonatal hypoglycemia is a common occurrence during
the first few days after birth as infants adjust to the
extrauterine environment (1, 2). Hypoglycemia affects 5–10%
of otherwise healthy infants, with increasing incidence reported
in premature infants (1, 3). Defining neonatal hypoglycemia
remains challenging, as infants can remain asymptomatic at even
very low glucose concentrations or be symptomatic with even
mild hypoglycemia. The Canadian Pediatric Society guidelines
use the widely accepted definition of hypoglycemia as a blood
glucose level of <2.6mmol/L (1, 4–6).

The fetus does not accumulate glycogen until after 27 weeks’
gestation, with a slow continual increase until after 36 weeks’
gestation, and a rapid accumulation to reach 50 mg/g of tissue
by term (7). After birth, the glucose concentration decreases
to a nadir of 3–3.3 mmol/L in the first 1–2 h in term infants
(2). Term infants use the stored glycogen for self-sufficient
glucose homeostasis. In comparison, premature infants have
lower glycogen stores and deplete them more quickly, putting
them at higher risk for hypoglycemia after birth (7). They
may also be exposed to more perinatal stress, leading to their
premature delivery. There is a lack of data on the specific
incidence and potential risk factors associated with hypoglycemia
immediately after birth in premature infants. In late preterm
or term infants, being born SGA or LGA, infants of diabetic
mothers, perinatal stress including maternal hypertension are
risk factors for neonatal hypoglycemia (4, 8, 9). The aim of the
study was to determine incidence, risk factors and protective
factors associated with neonatal hypoglycemia in premature
infants <33 weeks’ gestation.

METHODS

This was a secondary analysis from infants enrolled in previously
published randomized controlled trials in premature infants
(10, 11). The studies were carried out at The Royal Alexandra
Hospital in Edmonton, Alberta, Canada, a tertiary perinatal
center admitting more than 350 infants with a birth weight
of <1,500 g annually. The Royal Alexandra Hospital Research
Committee and Health Research Ethics Board, University
of Alberta, approved the randomized controlled trials and
subsequent collection of maternal data. Parental written consent
was obtained to use the neonatal data. After our initial analysis,
we observed that neonatal hypoglycemia was common in this
study population, and we pursued analysis of the incidence and
risk factors.

Inclusion criteria were neonates born <33 weeks’ gestation
between April 2013 and August 2014. Exclusion criteria
included neonates withmajor congenital anomalies or conditions
that might adversely affect breathing or ventilation (e.g.,
diaphragmatic hernia) as per previously published randomized

Abbreviations: BW, birth weight; GA, gestational age; IQR, interquartile range;

LGA, large for gestational age; MgSO4, magnesium sulfate; RST, resuscitation-

stabilization-triage team; SBP, systolic blood pressure; SD, Standard deviation;

SGA, Small for gestational age.

controlled trials (10, 11). Deliveries were attended by the
research team in addition to the Resuscitation-Stabilization-
Triage team (RST-team) (neonatal nurse, respiratory therapist,
nurse practitioner, and neonatal fellow). The research team was
not involved in the clinical care of the infants. Delayed cord
clamping was performed for 60 s if deemed appropriate by the
obstetric team.

Neonatal Demographics
Hypoglycemia was defined as blood glucose <2.6mmol/L on
venous or arterial blood gas sampling performed in the delivery
room. Birthweight percentiles were calculated using the Fenton
preterm growth chart (http://peditools.org/fenton2013/). SGA
was defined as birth weight (BW) <10% for gestational age
and LGA was defined as BW >90% for gestational age.
Neonatal outcomes including necrotizing enterocolitis and
intraventricular hemorrhage were recorded. All neonates were
routinely fed based on local NICU protocols, and hypoglycemia
was treated based on local NICU protocols.

Maternal Demographics
Maternal Demographics included: (i) Maternal hypertension
defined as a systolic blood pressure (SBP) >140 mmHg; (ii)
Antenatal steroid administration divided into a) complete course
of antenatal steroids (2 full doses of steroids before delivery of
the infant), and b) receiving > one dose of steroids (defined
as any antenatal steroids); iii) Antenatal magnesium sulfate
(MgSO4) included all mothers who received MgSO4 prior to
birth (administered as a 4 g loading dose, over 30min, followed
by a 1 g/h maintenance infusion until birth); (iv) Maternal
diabetes was defined as diagnosis of (a) pre-gestational diabetes,
or (b) gestational diabetes, defined as per the Diabetes Canada
Clinical Practice Guidelines; (12) (v) labor (spontaneous or
induced) at the time of delivery; and (vi) age at the time
of delivery.

Data Collection
The blood samples were collected from arterial or venous
umbilical catheters into heparinized syringes and assayed
immediately. Blood glucose concentrations were measured on
blood gas samples collected within the first 90min after delivery.
The blood gas analyzer (ABL800 Flex; Radiometer Medical,
Copenhagen, Denmark) used the glucose oxidase method
(reading range 0.0–60mmol/L, coefficient of variation 2.1%).
Participant demographics and clinical information were collected
along with maternal data including maternal age, medications,
diabetes, and hypertension through review of hospital charts.
Demographics of study infants were recorded in the database of
the Center for the Studies of Asphyxia and Resuscitation.

Statistical Analysis
The data are presented as mean with standard deviation (SD)
for normally distributed continuous variables and median with
interquartile range (IQR) when the distribution was skewed.
Categorical data is presented by absolute and relative frequencies
(n and %). Bivariate logistic regressionmodels were performed to
determine variables that significantly affect the outcome (infant
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hypoglycemia). Independent variables included sex, gestational
age, birth weight, use of steroids, mode of delivery, labor at
time of delivery, antenatal MgSO4, maternal SBP, and maternal
diabetes. Variables with statistical significance of 0.15 and less and
clinically significant variables (birth weight, use of steroids, labor
at time of delivery, antenatal MgSO4, maternal SBP, and maternal
diabetes) were included in the multivariable logistic regression
model. Stepwise backward elimination was performed to obtain
the final parsimonious model. Odds ratios are reported as a point
estimate and 95% CI and p< 0.05 is considered as significant. All
statistical analyses were performed by SAS 9.4 (SAS Institute Inc.,
Cary, NC).

RESULTS

A total of 255 infants <33 weeks’ gestation born during the
study period were enrolled; our analysis excluded 76 infants due
to missing glucose measurements, and four additional infants
were excluded due to missing maternal data. The demographics
of the remaining 175 infants are presented in Table 1. The
arterial or venous umbilical blood gas samples were analyzed
at a median of 40 (IQR 30–55) minutes after birth, with no
difference between hypoglycemic (median 47, IQR 31.5–58min)
or euglycemic infants (median 39, IQR 29–53min). There was
no sex (OR 0.92 (95%CI 0.49–1.73) p = 0.79) or gestational
age differences (OR 1.09 (95% CI 0.96–1.24) p = 0.18) between
hypoglycemic and euglycemic infants.

The overall incidence of hypoglycemia was 33.7% (n = 59).
The risk factor associated with hypoglycemia was maternal
hypertension (hypertension vs. normal: OR 3.07 (95%CI 1.51–
6.30) p = 0.002), indicating a significantly greater proportion
of hypoglycemia infants had hypertensive mothers. Protective
factors for hypoglycemia, meaning a significantly greater
proportion of infants were euglycemic than hypoglycemia,
included being in labor at time of delivery (no vs. yes: OR 4.51
(95% CI 2.29–9.18) p < 0.0001), and administration of MgSO4

prior to delivery (no vs. yes: OR 2.53 (95%CI 1.23–5.50) p= 0.01).
LGA (yes vs. no: OR 1.09 (95%CI 0.36–3.00) p = 0.87), vaginal
birth (no vs. yes: OR 2.17 (95%CI 0.96–5.43) p= 0.08), antenatal
steroids (no vs. yes: OR 0.67 (95%CI 0.31–1.41) p = 0.30), and
maternal diabetes (no vs. yes: OR 0.66 (95%CI 0.31–1.47) p =

0.30) showed no significant difference between euglycemic and
hypoglycemic infants. Significance of SGA infants was unable to
be completed due to the small number of infants in this group.
Results from both univariate and final models are presented
in Table 2.

DISCUSSION

To our knowledge, this is the first study to examine incidence
and associated risk factors of hypoglycemia in premature infants
<33 weeks’ gestation within the first 90min after birth. There
is limited evidence regarding the specific incidence and risk
factors associated with hypoglycemia in this population. Due
to the design of this study, we have determined risk factors

TABLE 1 | Demographics of study infants.

Total Hypoglycemic

(n = 59)

Euglycemic

(n = 116)

Infant

Male* 891 (51.4%) 29 (49.2%) 60 (51.7%)

Gestational age (weeks) 28.2 (±2.5) 28.5 (±2.2) 28.0 (±2.7)

<28 weeks GA* 70 (40.0%) 23 (39.0%) 47 (40.5%)

28 ≤ 32 weeks GA* 88 (50.3%) 29 (49.2%) 59 (50.9%)

≥32 weeks GA* 17 (9.71%) 7 (11.9%) 10 (8.6%)

Singleton* 117 (67.6%) 42 (71.2%) 75 (64.7%)

Birth weight

Birth weight (g) 1169 (±406) 1146 (±426) 1180 (±398)

BW percentile 56.20 (±27.63) 44.58 (±31.05) 61.65 (±24.14)

Birthweight Z score 0.23 (±1.03) −0.05 (±1.41) 0.36 (±0.78)

SGA (BW <10%ile)* 9 (5.14%) 6 (10.2%) 3 (2.58%)

LGA (BW >90%ile)* 19 (10.9%) 6 (10.2%) 13 (11.2%)

Apgar score

1 min# 5 (3-6) 5 (3-7) 4 (2-6)

5 min# 7 (6-8) 8 (6-9) 7 (6-8)

Delivery

Vaginal delivery* 39 (23.4%) 8 (13.6%) 31 (26.7%)

Caesarian section* 128 (76.6%) 46 (78.0%) 82 (70.7%)

In labor* 97 (57.7%) 18 (30.5%) 79 (68.1%)

Medications

Received antenatal MgSO*
4 59 (35.5%) 12 (20.3%) 47 (40.5%)

Received antenatal steroids* 119 (72.1%) 41 (69.5%) 78 (67.2%)

Blood gas

Time of ABG (age in

minutes)

49.42 (±41.39)

range 30–55

48.65 (±20.48)

range 31.50–58

49.75 (±47.75)

range 29–53

pH 7.19 (±0.13) 7.23 (±0.11) 7.18 (±0.13)

pCO2 60.99 (±19.11) 54.17 (±12.58) 64.14 (±20.78)

Lactate 3.76 (±2.86) 3.90 (±3.10) 3.69 (±2.75)

Base excess −5.03 (±4.53) −4.89 (±4.59) −5.09 (±4.53)

Maternal data

Age (years) 29.11 (±5.28) 29.64 (±5.23) 28.85 (±5.31)

Diabetes* 34 (21.3%) 14 (23.7%) 20 (17.2%)

Hypertension* 43 (24.6%) 23 (39.0%) 20 (17.2%)

Treated with ß-blockers 24 (55.8%) 11 (18.6%) 13 (11.2%)

Treated with other

medications

14 (32.6%) 9 (15.3%) 5 (4.31%)

Postnatal complications

Intraventricular hemorrhage* 49 (29.2%) 17 (28.8%) 32 (27.6%)

Necrotizing enterocolitis* 21 (12.9%) 6 (10.2%) 15 (12.9%)

Mortality* 17 (10.1%) 6 (10.2%) 11 (9.48%)

Data are presented as mean (SD) unless indicated #median (IQR), *n (%). GA= gestational

age. SGA, small for gestational age. LGA, large for gestational age; BW, birth weight;

MgSO4, magnesium sulfate; ABG, arterial blood gas.
1Sex was undocumented in two infants.

associated with neonatal hypoglycemia, but are not able to
ascertain causality.

Our overall hypoglycemia incidence was ∼34%, which is
similar to previously reported data within the first day after birth
in premature infants (13) and 1–48 h after birth in infants >

35 weeks. (1) James-Todd et al. reported an overall incidence of
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TABLE 2 | Univariate and multivariate logistic regression.

Univariate analysis Multivariate analysis

Variable Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Sex (Male vs. Female) 0.92 0.49–1.73 0.79 Excluded

Gestational age (in weeks) 1.09 0.96–1.24 0.18 Excluded

SGA Excluded—population too small Excluded

LGA (yes vs. no) 1.09 0.36–3.00 0.87 1.65 0.48–5.29 0.41

Antenatal Steroids (no vs. yes) 0.67 0.31–1.41 0.30 Excluded

Vaginal delivery (no vs. yes) 2.17 0.96–5.43 0.08 Excluded

Maternal diabetes (no vs. yes) 0.66 0.31–1.47 0.30 0.63 0.25–1.62 0.32

In labor at time of delivery (no vs. yes) 4.51 2.29–9.18 <0.0001 3.63 1.61–8.41 0.002

Antenatal MgSO4 (no vs. yes) 2.53 1.23–5.50 0.01 0.49 0.21–1.12 0.10

Maternal hypertension (HTN vs. normal) 3.07 1.51–6.30 0.002 2.40 1.003–5.71 0.047

Data are presented as odds ratio for developing hypoglycemia with 95% confidence intervals. P-value <0.05 is considered significant. Variables with p < 0.11 and clinically significant

variables were entered into multivariate logistical regression. Final model ROC, 0.75; SGA, small for gestational age; LGA, large for gestational age; MgSO4, magnesium sulfate;

HTN, hypertension.

41% in infants <32 weeks’ gestation, however, they used point
of care glucose measurements which have poor sensitivity in
the hypoglycemia range and also excluded infants of diabetic
mothers (13, 14). Harris et al. reported an incidence of 51%
in infants ≥ 35 weeks’ gestation within the first 48 h after
birth (1). A recent study reported that the nadir of plasma
glucose concentration in preterm infants and extremely preterm
infants is after 70.5 and 60.9min, respectively (15). Our glucose
samples were taken at a mean postnatal age of 49.4min,
potentially missing the nadir of hypoglycemia and resulting in
underestimation of our incidence.

Maternal hypertension was identified a risk factor for
hypoglycemia, which increased the odds of hypoglycemia by 3.07
times. Maternal hypertension is a known risk factor for neonatal
hypoglycemia and may reflect an environment of perinatal stress,
placental insufficiency, risk factor for SGA, and risk factor
for prematurity (9, 16, 17). In addition, maternal beta blocker
exposure is a known risk factor for neonatal hypoglycemia (18).
Beta blockers were the anti-hypertensive treatment used in over
55% of our population with maternal hypertension, which may
have contributed to the increased risk of neonatal hypoglycemia.

MgSO4 administration was a protective factor for neonatal
hypoglycemia in univariate analysis, but became non-significant
in multivariate analysis. Antenatal MgSO4 reduces incidence
of cerebral palsy and hemorrhage in infants born preterm,
regardless of total dose (19–21). MgSO4 has been shown to
decrease blood brain barrier permeability and increase plasma
glucose concentration in a rat model of hypoglycemia (22). In
addition, MgSO4 levels have been associated with lipoprotein
metabolism and signal transduction in the insulin pathway
(23–25). We hypothesized that MgSO4 decreased the utilization
of glucose in the brain through a reduction in cerebral stress
and blood brain barrier permeability. Combined with the impact
of MgSO4 on appropriate insulin regulation and lipoprotein
metabolism, we hypothesize that the protective mechanism of
MgSO4 for maintenance of euglycemia is likely multifactorial.

Our results indicate that maternal labor may be protective
against hypoglycemia in premature infants. Campbell et al.
reported an increased release of endogenous steroids during
labor in 80 women suggesting that these higher circulating
endogenous steroids (i.e., cortisol) potentially initiate
gluconeogenesis in infants during labor (26). This gluconeogenic
environment of the fetus may be protective to neonates.

Antenatal steroid administration was neither a significant
risk factor nor protective in our study population. Initial trials
of steroid administration found no significant differences (27),
and many studies do not include hypoglycemia data (28).
However, studies report that antenatal steroid administration
was associated with increased risk of neonatal hypoglycemia
in late preterm infants born at 34–36 weeks of gestation (29).
Administration of betamethasone for lungmaturity in premature
infants has been shown to suppress maternal adrenocorticotropic
hormone and cortisol levels for up to 24 h, which could explain
why antenatal steroid administration was not protective (30, 31).

LGA infants were not at increased risk for hypoglycemia in
our population, and SGA infants were unable to be analyzed due
to sample size; however, previously studies have demonstrated
that these infants are at risk for hypoglycemia (8, 32–36).
Infants born SGA have decreased glycogen and fat stores,
inappropriate release of insulin, and impaired counter regulatory
hormones, leading to increased risk of neonatal hypoglycemia
(8, 34, 35). Infants born LGA have increased hyperinsulinism,
leading to their excessive growth and inappropriate response to
hypoglycemia antenatally (36, 37). Infants of diabetic mothers are
more likely to be LGA and they have been previously reported
to be associated with neonatal hypoglycemia, although this
population was predominantly term infants (32, 33). Therefore,
while LGA infants did not demonstrate significant increase in
risk of hypoglycemia in our population, and significance of
SGA infants was unable to be completed due to sample size.
Further studies with a larger number of infants might yield
different results.
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Maternal diabetes was not a risk factor for hypoglycemia
in our neonatal population. However, current guidelines
recommend universal screening for gestational diabetes at 24–28
weeks’ gestation, and∼53% of our infants were<28 weeks, when
a large portion of the mothers might have had impaired glucose
tolerance that was not yet diagnosed (33). Insulin requirements
typically increase into the third trimester due to increasing
hormonal levels leading to insulin resistance as well as pancreatic
beta cell dysfunction (38, 39). Our population may not have yet
been exposed to a high insulin and hormonally-induced insulin
resistant environment, explaining why this was not a significant
risk factor.

A limitation of our study was the retrospective analysis from
prospectively collected data, therefore some important variables
may have not been collected, including symptoms that occurred
when infants were hypoglycemic. A second limitation was the
smaller sample size which affected the statistical analysis of
smaller populations and groups, most notably SGA infants.
While two separate RCTs were combined for this study, they
both occurred within an overlapping 16-month time period
within the same hospital and with identical treatment protocols
aside from the respiratory treatment intervention; therefore,
no significant difference in treatment is likely to have affected
hypoglycemia (10, 11). In addition, this study examined the
transition phase immediately after birth. Our hospital policy
dictates central venous access (i.e., umbilical venous access
or peripheral venous access) as soon as possible after initial
respiratory stabilization to provide continues dextrose infusion;
therefore, delayed hypoglycemia, and persistent hypoglycemia
were not addressed.

Future studies should examine blood glucose and insulin
levels in mothers and insulin and ketone levels in infants during
the fetal to neonatal period to potentially identify regulatory
mechanisms, as well as long-term follow-up of the infants
including neonatal complications and neurodevelopmental
outcomes. In addition, investigations examining the mechanism
of action between MgSO4 and neonatal hypoglycemia could
provide insight into the development of preventative treatments.

CONCLUSION

The incidence of hypoglycemia in premature infants <33 weeks’
gestational age in our study was 33.7%. The risk factor associated

with developing hypoglycemia was maternal hypertension, while
antenatal administration of magnesium sulfate and being in labor
at time of delivery were both protective factors. Due to the
high incidence of hypoglycemia in the premature population,
we recommend providing glucose infusion as soon as possible
after birth, and continued screening and treatment as per local
hospital guidelines.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/supplementary files.

ETHICS STATEMENT

The Royal Alexandra Hospital Research Committee and Health
Research Ethics Board, University of Alberta, approved the
randomized controlled trials and subsequent collection of
maternal data. Parental written consent was obtained to use
the neonatal data. After our initial analysis, we observed
that neonatal hypoglycemia was common in this study
population, and we pursued analysis of the incidence and
risk factors.

AUTHOR CONTRIBUTIONS

GS, MO, P-YC, CG, and MY contributed to conception
and design. GS, MO, P-YC, CG, NM, and MY were
involved in collection and assembly of data, analyzed
and interpreted the data, and drafted the article.
GS, MO, P-YC, CG, NM, MY, and ER contributed
to critical revision of the article for important
intellectual content and participated in final approval of
the article.

ACKNOWLEDGMENTS

We would like to thank the parents and infants
agreeing to be part of the study. We would like to
thank the Resuscitation-Stabilization-Triage team at the
Royal Alexandra Hospital for helping and supporting
the study.

REFERENCES

1. Harris DL, Weston PJ, Harding JE. Incidence of neonatal

hypoglycemia in babies identified as at risk. J Pediatr. (2012)

161:787–91. doi: 10.1016/j.jpeds.2012.05.022

2. Stanley CA, Rozance PJ, Thornton PS, De Leon DD, Harris D,

Haymond MW, et al. Re-evaluating transitional neonatal hypoglycemia:

mechanism and implications for management. J Pediatr. (2015)

166:1520–25. doi: 10.1016/j.jpeds.2015.02.045

3. Lubchenco LO, Bard H. Incidence of hypoglycemia in newborn infants

classified by birth weight and gestational age. Pediatrics. (1971) 47:831–38.

4. Aziz K, Dancey P, Canadian Paediatric Society, Fetus and Newborn

Committee. Screening guidelines for newborns at risk for low blood

glucose. Paediatr Child Health. (2004) 9:723–9. doi: 10.1093/pch/9.

10.723

5. Lucas A, Morley R, Cole TJ. Adverse neurodevelopmental

outcome of moderate neonatal hypoglycaemia. BMJ. (1988)

297:1304–08. doi: 10.1136/bmj.297.6659.1304

6. Tin W. Defining neonatal hypoglycaemia: a continuing debate.

Semin Fetal Neonatal Med. (2014) 19:27–32. doi: 10.1016/j.siny.2013.

09.003

7. Mitanchez D. Glucose regulation in preterm newborn infants. Horm Res.

(2007) 68:265–71. doi: 10.1159/000104174

8. Adamkin DH, Committee on fetus and newborn. postnatal glucose

homeostasis in late-preterm and term infants. Pediatrics. (2011) 127:575–

9. doi: 10.1542/peds.2010-3851

Frontiers in Pediatrics | www.frontiersin.org 5 February 2020 | Volume 8 | Article 34

https://doi.org/10.1016/j.jpeds.2012.05.022
https://doi.org/10.1016/j.jpeds.2015.02.045
https://doi.org/10.1093/pch/9.10.723
https://doi.org/10.1136/bmj.297.6659.1304
https://doi.org/10.1016/j.siny.2013.09.003
https://doi.org/10.1159/000104174
https://doi.org/10.1542/peds.2010-3851
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Mitchell et al. Hypoglycemia in the Delivery Room

9. Thornton PS, Stanley CA, De Leon DD, Harris D, Haymond MW, Hussain K,

et al. Recommendations from the pediatric endocrine society for evaluation

and management of persistent hypoglycemia in neonates, infants, and

children. J Pediatr. (2015) 167:238–45. doi: 10.1016/j.jpeds.2015.03.057

10. Ngan AY, Cheung PY, Hudson-Mason A, O’Reilly M, van Os S, Kumar

M, et al. Using exhaled CO2 to guide initial respiratory support at birth:

a randomized controlled trial. Arch Dis Child Fetal Neonatal Ed. (2017)

102:F525–31. doi: 10.1136/archdischild-2016-312286

11. Cheung D, Mian Q, Cheung PY, O’Reilly M, Aziz K, van Os S, et al.

Mask ventilation with two different face masks in the delivery room for

preterm infants: a randomized controlled trial. J Perinatol. (2015) 35:464–

8. doi: 10.1038/jp.2015.8

12. Diabetes Canada Clinical Practice Guidelines Expert Committee, Feig

DS, Berger H, Donovan L, Godbout A, Kader T, et al. Diabetes and

pregnancy. Can J Diabetes. (2018) 42:S255–82. doi: 10.1016/j.jcjd.2017.

10.038

13. James-Todd T, March MI, Seiglie J, Gupta M, Brown FM, Majzoub

JA. Racial differences in neonatal hypoglycemia among very early

preterm births. J Perinatol. (2018) 38:258–63. doi: 10.1038/s41372-017-

0003-9

14. Balion C, Grey V, Ismaila A, Blatz S, Seidlitz W. Screening for hypoglycemia

at the bedside in the neonatal intensive care unit (NICU) with the

Abbott PCx glucose meter. BMC Pediatr. (2006) 6:28. doi: 10.1186/1471-

2431-6-28

15. Kaiser JR, Bai S, Rozance PJ. Newborn plasma glucose concentration

nadirs by gestational-age group. Neonatology. (2018) 113:353–

59. doi: 10.1159/000487222

16. Clausson B, Cnattingius S, and Axelsson O. Preterm and term

births of small for gestational age infants: a population-based

study of risk factors among nulliparous women. BJOG. (1998)

105:1011–17. doi: 10.1111/j.1471-0528.1998.tb10266.x

17. Hauth JC, Ewell MG, Levine RJ, Esterlitz JR, Sibai B, Curet LB, et al. Pregnancy

outcomes in healthy nulliparas who developed hypertension. Obstet Gynecol.

(2000) 95:24–8. doi: 10.1097/00006250-200001000-00005

18. Bateman BT, Patorno E, Desai RJ, Seely EW, Mogun H, Maeda A, et al.

Late pregnancy ß blocker exposure and risks of neonatal hypoglycemia and

bradycardia. Pediatrics. (2016) 138:e20160731. doi: 10.1542/peds.2016-0731

19. Chollat C, Sentilhes L, and Marret S. Protection of brain development by

antenatal magnesium sulphate for infants born preterm. Dev Med Child

Neurol. (2018) 61:25–30. doi: 10.1111/dmcn.14038

20. Crowther CA, Hiller JE, Doyle LW, Haslam RR, ACTOMg SO4 Collaborative

Group. Effect of magnesium sulfate given for neuroprotection before preterm

birth. JAMA. (2003) 290:2669–76. doi: 10.1001/jama.290.20.2669

21. Gano D, Ho M, Partridge JC, Glass HC, Xu D, Barkovich AJ, et al.

Antenatal exposure to magnesium sulfate is associated with reduced

cerebellar hemorrhage in preterm newborns. J Pediatr. (2016) 178:68–

74. doi: 10.1016/j.jpeds.2016.06.053

22. Kaya M, Küçük M, Kalayci R, Cimen V, Gürses C, Elmas I, et al. Magnesium

sulfate attenuates increased blood-brain barrier permeability during insulin-

induced hypoglycemia in rats. Can J Physiol Pharmacol. (2001) 79:793–

8. doi: 10.1139/y01-046

23. Bastida S, Vaquero MP, Veldhuizen M, and Sánchez-Muniz FJ.

Selected trace elements and minerals in cord blood: association

with lipids and lipoproteins at birth. Acta Paediatr. (2000)

89:1201–6. doi: 10.1111/j.1651-2227.2000.tb00736.x

24. Paolisso G, Scheen A, D’onofrio F, Lefèbvre P. Magnesium and glucose

homeostasis. Diabetologia. (1990) 33:511–14. doi: 10.1007/BF00404136

25. Ziniewicz HK, Gesteiro E, González-MuñozMJ, Bastida S, Sánchez-Muniz FJ.

Relationships between serum calcium andmagnesium levels and lipoproteins,

homocysteine and insulin resistance/sensitivity markers at birth. Nutr Hosp.

(2015) 31:278–85. doi: 10.3305/nh.2015.31.1.8007

26. Campbell EA, Linton EA, Wolfe CD, Scraggs PR, Jones MT,

Lowry PJ. Plasma corticotropin-releasing hormone concentrations

during pregnancy and parturition. J Clin Endocrinol Metab. (1987)

64:1054–59. doi: 10.1210/jcem-64-5-1054

27. Liggins GC, Howie RN. A controlled trial of antepartum glucocorticoid

treatment for prevention of the respiratory distress syndrome in premature

infants. Pediatrics. (1972) 50:515–25.

28. Roberts D, Brown J, Medley N, Dalziel SR. Antenatal

corticosteroids for accelerating fetal lung maturation for women

at risk of preterm birth. Cochrane Database Syst Rev. (2017)

3:CD004454. doi: 10.1002/14651858.CD004454.pub3

29. Gyamfi-Bannerman C, Thom EA, Blackwell SC, Tita AT, Reddy UM,

Saade GR, et al. Antenatal betamethasone for women at risk for late

preterm delivery. N Engl J Med. (2016) 374:1311–20. doi: 10.1056/NEJMoa15

16783

30. Korebrits C, Yu DHT, Ramirez MM, Marinoni E, Bocking AD, Challis JR.

Antenatal glucocorticoid administration increases corticotrophin-releasing

hormone in maternal plasma. Br J Obstet Gynaecol. (1998) 105:556–

61. doi: 10.1111/j.1471-0528.1998.tb10158.x

31. Marinoni E, Korebrits C, Di Iorio R, Cosmi EV, Challis JR. Effect

of betamethasone in vivo on placental corticotropin-releasing

hormone in human pregnancy. Am J Obstet Gynecol. (1998)

178:770–78. doi: 10.1016/S0002-9378(98)70490-9

32. Avci ME, Sanlikan F, Celik M, Avci A, Kocaer M, Göçmen A. Effects of

maternal obesity on antenatal, perinatal and neonatal outcomes. J Matern

Fetal Neonatal Med. (2015) 28:2080–83. doi: 10.3109/14767058.2014.978279

33. Berger H, Gagnon R, Sermer M, Basso M, Bos H, Brown RN,

et al. Diabetes in pregnancy. J Obstet Gynaecol Can. (2016)

38:667–79. doi: 10.1016/j.jogc.2016.04.002

34. Hawdon JM, Weddell A, Aynsley-Green A, Ward Platt MP. Hormonal and

metabolic response to hypoglycaemia in small for gestational age infants.Arch

Dis Child. (1993) 68:269–73. doi: 10.1136/adc.68.3_Spec_No.269

35. Thorn SR, Rozance PJ, Brown LD, Hay WW Jr. The intrauterine growth

restriction phenotype: fetal adaptations and potential implications for later

life insulin resistance and diabetes. Semin Reprod Med. (2011) 29:225–

36. doi: 10.1055/s-0031-1275516

36. Güemes M and Hussain K. Hyperinsulinemic hypoglycemia. Pediatr Clin

North Am. (2015) 62:1017–36. doi: 10.1016/j.pcl.2015.04.010

37. Schwartz R, Gruppuso PA, Petzold K, Brambilla D, Hiilesmaa V, Teramo

KA. Hyperinsulinemia and macrosomia in the fetus of the diabetic mother.

Diabetes Care. (1994) 17:640–48. doi: 10.2337/diacare.17.7.640

38. Buchanan TA, Metzger BE, Freinkel N, Bergman RN. Insulin sensitivity and

B-cell responsiveness to glucose during late pregnancy in lean and moderately

obese women with normal glucose tolerance or mild gestational diabetes.

Am J Obstet Gynecol. (1990) 162:1008–14. doi: 10.1016/0002-9378(90)

91306-W

39. McManus RM, and Ryan EA. Insulin requirements in insulin-dependent and

insulin-requiring GDM women during final month of pregnancy. Diabetes

Care. (1992) 15:1323–27. doi: 10.2337/diacare.15.10.1323

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Mitchell, Grimbly, Rosolowsky, O’Reilly, Yaskina, Cheung and

Schmölzer. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 6 February 2020 | Volume 8 | Article 34

https://doi.org/10.1016/j.jpeds.2015.03.057
https://doi.org/10.1136/archdischild-2016-312286
https://doi.org/10.1038/jp.2015.8
https://doi.org/10.1016/j.jcjd.2017.10.038
https://doi.org/10.1038/s41372-017-0003-9
https://doi.org/10.1186/1471-2431-6-28
https://doi.org/10.1159/000487222
https://doi.org/10.1111/j.1471-0528.1998.tb10266.x
https://doi.org/10.1097/00006250-200001000-00005
https://doi.org/10.1542/peds.2016-0731
https://doi.org/10.1111/dmcn.14038
https://doi.org/10.1001/jama.290.20.2669
https://doi.org/10.1016/j.jpeds.2016.06.053
https://doi.org/10.1139/y01-046
https://doi.org/10.1111/j.1651-2227.2000.tb00736.x
https://doi.org/10.1007/BF00404136
https://doi.org/10.3305/nh.2015.31.1.8007
https://doi.org/10.1210/jcem-64-5-1054
https://doi.org/10.1002/14651858.CD004454.pub3
https://doi.org/10.1056/NEJMoa1516783
https://doi.org/10.1111/j.1471-0528.1998.tb10158.x
https://doi.org/10.1016/S0002-9378(98)70490-9
https://doi.org/10.3109/14767058.2014.978279
https://doi.org/10.1016/j.jogc.2016.04.002
https://doi.org/10.1136/adc.68.3_Spec_No.269
https://doi.org/10.1055/s-0031-1275516
https://doi.org/10.1016/j.pcl.2015.04.010
https://doi.org/10.2337/diacare.17.7.640
https://doi.org/10.1016/0002-9378(90)91306-W
https://doi.org/10.2337/diacare.15.10.1323~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Incidence and Risk Factors for Hypoglycemia During Fetal-to-Neonatal Transition in Premature Infants
	Introduction
	Methods
	Neonatal Demographics
	Maternal Demographics
	Data Collection
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


