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Abstract
Background: Neonatal sepsis is occasionally associated with abnormal plasma glucose level, but data in full-term
and late-preterm neonates is limited. Our aim was to determine prevalence and prognostic value of plasma glucose
abnormalities among these patients.
Results: We conducted a prospective observational study of 174 full-term and late-preterm neonates with cultureproven or possible sepsis. Plasma glucose level was measured upon neonatal intensive care unit (NICU) admission.
The primary outcome was NICU mortality. Hyperglycemia occurred in 12.6%, while hypoglycemia occurred in 10.9%
of infants with sepsis. The mortality rate was 36.4%, 47.4%, and 16.5% among infants with hyperglycemia, hypoglycemia,
and normoglycemia respectively (P = 0.002). Both hyperglycemia and hypoglycemia were independent predictors of
mortality [adjusted OR and 95% CI = 2.89 (1.03–8.13) and 3.86 (1.32–11.26) respectively]. Mechanical ventilation rate was
higher among the hypoglycemia subgroup compared with both the hyperglycemia and normoglycemia subgroups (P =
0.046), but glycemic status was not associated with the length of NICU stay. Hypoglycemia was also associated with a
lower platelet count (P = 0.015).
Conclusion: Plasma glucose abnormalities are not uncommon in neonatal sepsis. Both hypoglycemia and hyperglycemia
could be utilized for mortality prediction. Besides, hypoglycemia was associated with a higher mechanical ventilation rate.
However, these associations might not be causal.
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Background
Neonatal sepsis is a major health problem associated with
significant morbidity and mortality [1]. Blood glucose abnormalities, including hypoglycemia [2] and hyperglycemia [3], are not uncommon in neonatal sepsis.
Hypoglycemia can manifest with poor feeding, hypotonia,
apnea, jitteriness, coma, and seizures [4]. Neonatal
hypoglycemia has the potential to inflict devastating injuries
on the developing brain since glucose is the primary fuel
normally utilized by that organ. This might contribute to
the pathogenesis of long-term neurological disorders such
as cerebral palsy, mental retardation, blindness, and intractable epilepsy [5, 6].
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On the other hand, the clinical manifestations of hyperglycemia are less dramatic and include glucosuria and
osmotic diuresis but these can progress to dehydration,
fever, ketosis, and metabolic acidosis [7].
Sepsis and other neonatal stressful conditions might
trigger hyperglycemia, most likely through an increase in
the levels of counter-regulatory hormones like cortisol,
adrenaline, and glucagon, with a consequent stimulation
of glycogenolysis and gluconeogenesis as well as interference with insulin release and sensitivity [7].
Low birth weight infants are, in particular, more likely to
suffer from deficiency of insulin or peripheral resistance to
its actions [8, 9]. Furthermore, inotropes, corticosteroids,
and lipid emulsions put the infant at a greater risk [10, 11].
Hyperglycemia was found to be associated with neonatal mortality [12]. It was also shown to be a risk factor
for severe intraventricular hemorrhage [13] and retinopathy of prematurity [14]. However, previous studies
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predominantly included very premature infants with or
without sepsis. The aim of the present study was to assess
the prevalence and prognostic value of plasma glucose abnormalities, specifically, among full-term and late-preterm
neonates with sepsis.

Materials and methods
Study design

This was a prospective observational study conducted in
the neonatal intensive care unit (NICU) of Menoufia
University Hospital from January 2017 to July 2018. The
study protocol was approved by the Menoufia Faculty of
Medicine Committee for Medical Research Ethics.
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CSF, and urine, were withdrawn upon admission. CSF
analysis and culture were performed if early-onset or
late-onset sepsis were strongly suspected unless lumbar
puncture was contraindicated, e.g., if the patient was
clinically unstable. Isolates which could be either pathogenic or contaminant, such as coagulase-negative
staphylococci and Streptococcus viridans, needed a repeat culture from a separate bleed (not from an indwelling catheter) to confirm their pathogenic nature but this
was not done in all cases.
Patients were closely monitored over the disease
course. The primary outcome was the NICU mortality.
Infants who died in NICU were called “non-survivors,”
while those discharged home were called “survivors.”

Study population

“Full-term” and “late-preterm” neonates with “early onset”
(within 72 hours of birth) or “late onset” sepsis were consecutively enrolled after obtaining informed parental consent. Infants with either “proven” or “possible” sepsis were
included in the study. “Proven sepsis” was diagnosed when
the baby had clinical signs compatible with sepsis in association with a positive blood, cerebrospinal fluid (CSF), or
urine culture [15]. “Possible sepsis” was diagnosed in the
presence of clinical manifestations of sepsis in addition to
elevated C-reactive protein (CRP) > 5 mg/dL [16].
The exclusion criteria included (1) infants beyond 1
month of age, (2) sepsis complicating another neonatal
illness such as infant of diabetic mother and perinatal asphyxia, (3) gestational age < 34 weeks, (4) failure to
measure plasma glucose level within 1 h of NICU admission, and (5) infants with an initial diagnosis of possible
sepsis who were later found to have another diagnosis
like inborn errors of metabolism.
Clinical and laboratory evaluation

For all the admitted neonates, glucose level was measured within 1 h of NICU admission from capillary
blood by a heel prick after adequate warming of the foot,
using the “Accu-Chek Active” blood glucose meter
(Roche, Switzerland) whose readings automatically display plasma glucose levels. The reading range of this
blood glucose meter is from 10 to 600 mg/dL.
Hyperglycemia was defined as a plasma glucose > 145
mg/dL [7]. We considered a glucose level of 146–180 as
“mild hyperglycemia” and a glucose level over 180 mg/dL
as “moderate/severe hyperglycemia.” On the other hand,
hypoglycemia was defined, according to the Pediatric Endocrinology Society guidelines [17], as a plasma glucose level
≤ 50 mg/dL in the first 48 h of life or ≤ 60 mg/dL beyond
that age.
For each patient, a complete diagnostic workup was
performed, including complete blood count (CBC), CRP,
and arterial blood gas, in addition to liver and kidney
function tests. Microbiological cultures, including blood,

Statistical method

Qualitative variables were presented as numbers and percentages. Normally distributed continuous variables were
presented as the mean ± standard deviation and compared
using the t test (for two variables) or “analysis of variance”
(ANOVA) [for more than two variables]. Non-normally
distributed continuous variables were expressed as the
median (minimum–maximum) and compared using the
Mann-Whitney U test (for two variables) or Kruskal-Wallis test (for three variables). To assess the associations between categorical variables, the chi-squared (χ2) test was
used while Fisher exact test was used when more than
25% of the cells had expected counts less than 5. Univariate logistic regression analysis was used to test the association of variables with mortality. Multivariate logistic
regression analysis was used to adjust for confounding
variables. Logistic regression analysis yields an odds ratio.
If the odds ratio is greater than 1, this means that individuals exposed to a certain variable have a greater risk of developing an outcome (e.g., mortality) compared with those
not exposed to the same variable (positive association).
The larger the odds ratio, the greater the risk of developing the outcome. On the other hand, an odds ratio below
1 means that individuals exposed to a variable have a
lower risk of developing the outcome compared with
those not exposed (negative association).
All tests were bilateral, and a P value of less than 0.05 was
considered statistically significant. The statistical calculations
were performed using the IBM Statistical Package for the
Social Sciences version 20 (SPSS, Inc., Chicago, IL, USA).

Results
Characteristics of the study population

The study included 174 infants with neonatal sepsis. Their
basic characteristics are shown in Table 1. The mortality rate
was 22.4%. Sepsis was culture proven in 73 infants (42%).
The isolated pathogens included Klebsiella, Staphylococcus
aureus, Pseudomonas aeruginosa, Candida, Escherichia coli,
and Acinetobacter.
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Table 1 Demographic, clinical, and laboratory characteristics of patients
Characteristic

Survivors (n = 135 )

Non-survivors (n = 39 )

All patients (n = 174)

Postnatal age, days

7 (1–27)

11 (1–27)

8 (1–27)

P value
0.001*

Female sex

62 (45.9%)

16 (41%)

78 (45%)

0.59

Weight, kg

2.73 ± 0.58

2.46 ± 0.71

2.66 ± 0.62

0.022*

Gestational age, week

38 (35–40)

37 (35–42)

37.5 (35–42)

0.25

Preterm

34 (25.2%)

15 (38.5%)

49 (28.2%)

0.1

Full term

101 (74.8%)

24 (61.5%)

125 (71.8%)

Cesarean delivery

108 (80%)

33 (84.6%)

141 (81%)

0.52

Early-onset sepsis

37 (27.4%)

8 (20.5%)

45 (25.8%)

0.39

Late-onset sepsis

98 (72.6%)

31 (79.5%)

129 (74.1%)

Proven sepsis

47 (34.8%)

26 (66.7%)

73 (42%)

< 0.001*

Possible sepsis

88 (65.2%)

13 (33.3)

101 (58%)

Invasive mechanical ventilation

76 (56.3%)

35 (89.7%)

111 (63.8%)

14 (10.4%)

5 (12.8%)

19 (10.9%)

Gram negative

29 (21.5%)

17 (43.6%)

46 (26.4%)

Candida

4 (3%)

4 (10.3%)

8 (4.6%)

High

14 (10.4%)

8 (20.5%)

22 (12.6%)

Low

10 (7.4%)

9 (23.1%)

19 (10.9%)

Normal

111 (82.2%)

22 (56.4%)

133 (76.4%)

CRP, mg/dL

27 (0–289)

77 (2–316)

47 (0–316)

0.015*

WBC (× 1000/mL)

12.9 (2.7–51)

11.5 (2.7–50)

12.6 (2.7–51)

0.32

Platelets (× 1000/mL)

162 (5–648)

40 (4–676)

141 (4–676)

< 0.001*

Hemoglobin, g/dL

12.84 ± 3.11

11.73 ± 2.51

12.6 ± 3.01

0.042*

Creatinine, mg/dL

0.6 (0.2–2.7)

0.6 (0.16–1.2)

0.6 (0.16–2.7)

0.89

Type of organism
Gram positive

< 0.001*
0.48

Glycemic status

0.024*

Data is presented as number (percentage), mean ± standard deviation, or median (minimum–maximum)
CRP C-reactive protein, WBC white blood cell count.
*Statistically significant

Prevalence of glucose level abnormalities

Relation of the glycemic status to morbidity

The median plasma glucose level of patients was 91 mg/
dL (range 17–315 mg/dL). 23.6% of infants had abnormalities in glucose level upon admission. Hyperglycemia occurred in 12.6%, while hypoglycemia occurred in 10.9% of
the study population (Table 1).

A significant difference was found among the three patient subgroups as regards the mechanical ventilation
rate (Table 2). Mechanical ventilation rate was significantly higher among patients with hypoglycemia compared with those having hyperglycemia and those with
normoglycemia (P = 0.046). There was no significant difference in mechanical ventilation rate between patients
with hyperglycemia and those with normoglycemia.
On the other hand, no significant difference was found
in the length of NICU stay or serum creatinine according to the glycemic status (Table 2).

Relation of the glycemic status to the patients’
characteristics

Table 2 shows the relation of glycemic status to the patients’ demographic, clinical, and laboratory data. The platelet count differed according to the glycemic status (P =
0.015). The median platelet count was significantly lower
among infants with hypoglycemia compared with those
having normoglycemia. There was also a significant difference in WBC count according to the glycemic status (P =
0.029). The median WBC count was significantly lower
among the hypoglycemia subgroup compared with both
the normoglycemia and the hyperglycemia subgroups.

Relation of the glycemic status to mortality

The distribution of glucose abnormalities among survivors
and non-survivors is shown in Table 1. In addition, Table
2 shows a significantly higher mortality rate in both the
hypoglycemia and the hyperglycemia subgroups compared
with the normoglycemia subgroup (P = 0.002).
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Table 2 Relation of the glycemic status to mortality and other patient characteristics
Patients’ characteristics

Hyperglycemia (n = 22)

Hypoglycemia (n = 19)

Normoglycemia (n = 133)

P value

Mortality

8 (36.4%)

9 (47.4%)

22 (16.5%)

0.002*

Postnatal age, days

10 (1–27)

9.5 (3–24)

7 (1–27)

0.32

Female sex

11 (50%)

12 (63.2%)

55 (41.4 %)

0.17

Weight, kg

2.6 ± 0.89

2.44 ± 0.69

2.68 ± 0.54

0.15

Gestational age, week

37 (35–40)

37 (35–39)

38 (35–42)

0.37

Cesarean delivery

18 (81.8%)

16 (84.2%)

107 (80.5%)

0.92
0.49

Early-onset sepsis

7 (31.8%)

3 (15.8%)

35 (26.3%)

Late-onset sepsis

15 (68.2%)

16 (84.2%)

98 (73.7%)

Proven sepsis

7 (31.8%)

10 (52.6%)

56 (42.1%)

Possible sepsis

15 (68.2%)

9 (47.4%)

77 (57.9%)

0.4

Invasive MV

13 (59.1%)

17 (89.5%)

81 (60.1%)

0.046*

Length of NICUa, days

25 (10–97)

20 (5–70)

18 (2–98)

0.19

Platelets, 1000/mL

98 (6–483)

38 (4–401)

156 (5–648)

0.015*

WBC, 1000/mL

16.7 (2.7–50)

9.9 (3.9–27.7)

13 (2.7–51)

0.029*

Hemoglobin, g/dL

12.04 ± 3.61

11.56 ± 2.85

12.79 ± 2.93

0.056

CRP, mg/dL

48 (3–200)

65.5 (4–213)

32.5 (0–316)

0.2

Serum creatinine, mg/dL

0.54 (0.3–1.2)

0.5 (0.3–1.2)

0.6 (0.16–2.7)

0.84

Data is expressed as number (%), mean ± SD, or median (maximum–minimum)
MV mechanical ventilation, NICU neonatal intensive care unit, CRP C-reactive protein, WBC white blood cell count
*Statistically significant
a
Length of hospital stay among survivors

Univariate logistic regression analysis for prediction of
mortality yielded an odds ratio greater than 1 for both
hyperglycemia and hypoglycemia (Table 3), signifying that
the presence of either hyperglycemia or hypoglycemia increases the risk of death. This association of hyperglycemia
and hypoglycemia with mortality remained significant
after adjustment for weight and postnatal age in the multivariate model.
No significant difference in mortality rate was detected between infants with mild hyperglycemia and those having
normoglycemia whereas the mortality rate among infants
with moderate/severe hyperglycemia was significantly higher
compared with those having normoglycemia (Table 4).

Discussion
In the present study, abnormalities in the admission
plasma glucose level were not uncommon in infants with

neonatal sepsis which lends support to the routine practice of measuring glucose level to these infants upon
NICU admission.
Unlike hypoglycemia, which is a well-known manifestation of neonatal sepsis, hyperglycemia has received
much less attention. However, in one study, hyperglycemia was reported among 24.6% of infants admitted
into NICU, with sepsis accounting for 78.8% of hyperglycemia cases, but no data was given about the specific prevalence of hyperglycemia among infants with
sepsis [18].
In another study, 6.9% of infants with neonatal sepsis
had a blood glucose level over 200 mg/dL whereas 9.9%
had a glucose level under 40 mg/dL [19]. The lower frequency of glucose abnormalities in the latter study, compared with ours, might be related to differences in the
definitions of hypoglycemia and hyperglycemia or to a

Table 3 Univariate and multivariate logistic regression analysis for prediction of mortality by the glycemic status
Variable

Univariate analysis

Multivariate analysis

OR (95% CI)

P value

Adjusted OR (95% CI)

P value

2.88 (1.08–7.7)

0.035*

2.89 (1.03–8.13)

0.043*

Hypoglycemia

4.54 (1.65–12.46)

0.003*

3.86 (1.32–11.26)

0.014*

Weight

0.49 (0.26–0.91)

0.024*

0.6 (0.31–1.15)

0.12

Postnatal age

1.09 (1.04–1.16)

0.001*

1.09 (1.03–1.16)

0.003*

Hyperglycemia

OR odds ratio, CI confidence interval
*Statistically significant
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Table 4 The mortality rate according to the degree of hyperglycemia
Normoglycemia (n =
133)

Mild hyperglycemia (n =
7)

P
value

Normoglycemia (n =
133)

Moderate/severe hyperglycemia (n =
15)

P
value

Nonsurvivors

22 (16.5%)

2 (28.6%)

0.34

22 (16.5%)

6 (40%)

0.039*

Survivors

111 (83.5%)

5 (71.4%)

111 (83.5%)

9 (60%)

*Statistically significant

discrepancy in gestational age which was, unfortunately,
not reported by the latter study.
There is adequate awareness of the dangers of neonatal
hypoglycemia which is routinely screened for and immediately treated among sick neonates since it is frequently
associated with short-term and long-term serious clinical
consequences. Furthermore, in an infant with a diagnosis of
sepsis, some signs like lethargy, poor feeding, and apnea
may be erroneously attributed to the sepsis process itself
although they may be a manifestation of an associated
unrecognized hypoglycemia which might itself be harmful
if left untreated.
In contrast, hyperglycemia does not trigger a similar
alarm response on the part of health care workers and is
frequently left untreated because it is thought to produce
no serious problems. However, our current findings do not
support this practice as it turned out that the mortality rate
among the hyperglycemic subgroup was significantly
higher compared with that among the normoglycemic
ones. Besides, hyperglycemia was an independent predictor
of mortality with an odds ratio of 2.89.
Previous studies of neonatal hyperglycemia predominantly targeted very premature infants, whether or not having sepsis, and demonstrated a clear association of
hyperglycemia with mortality [12, 20, 21]. In contrast, there
is a dearth of data concerning the impact of hyperglycemia
on full-term and late-preterm neonates with sepsis. In the
only report we were able to retrieve [19], septic neonates
with an admission blood glucose level > 200 mg/dL and
those with a level < 40 mg/dL had a significantly higher
mortality rate compared with the other infants but the authors did not tell about the gestational age of their cohort.
As for morbidity, no association was found, in the
present study, between hyperglycemia and the need for
mechanical ventilation or the length of NICU stay,
which is consistent with a previous study of extremely
low birth weight (ELBW) infants [21] although another
study of ELBW infants reported an association of hyperglycemia with the length of NICU stay [12].
The pathogenic effects of hyperglycemia could be mediated by increased oxidative stress or by a pro-inflammatory state resulting from the high glucose level.
Furthermore, hyperglycemia possesses a pro-thrombotic
effect and reduces endothelial nitric oxide, thus decreasing
tissue perfusion [22]. Moreover, there are concerns about
the potential deleterious consequences of hyperglycemia

on the developing brain as indicated by clinical [20] and
experimental [23] studies. The latter effects could be attributed to hyperglycemia-induced oxidative stress [24]
which can, in turn, produce neuronal apoptosis [25].
An interesting finding in the present study was the observation of a significantly higher mortality rate among infants with moderate/severe hyperglycemia compared with
those having normoglycemia. Meanwhile, no significant
difference in mortality was found between infants with
mild hyperglycemia and those with normoglycemia. These
relations could signify, if confirmed in larger cohorts, that
the upper safe limit of glucose concentration in neonatal
sepsis might be closer to 180 mg/dL rather than 145 mg/
dL. This is supported by recent meta-analyses of randomized controlled trials performed in critically ill pediatric
patients which failed to demonstrate a survival benefit
from tight glycemic control [26, 27]. Similarly, the most
recent adult sepsis guidelines recommend treating hyperglycemia with insulin infusion only if two consecutive
blood glucose levels are > 180 mg/dL [28]. Likewise, there
has been a strong trend among neonatologists to define
hyperglycemia as a blood glucose above 180 mg/dL [29].
It should be stressed that observational studies, including ours, are not sufficient alone to define the safe upper
glucose level in neonates because it is quite possible that
hyperglycemia might not be the cause of mortality and
morbidity but just an epiphenomenon indicating that
sepsis is severe. Undoubtedly, randomized controlled trials are needed to settle that issue. Another important
point that needs to be taken into consideration is that
tight glycemic control carries the risk of hypoglycemia
as shown by recent meta-analyses [26, 27]. Regardless of
this controversy, hyperglycemia appears to be useful for
predicting mortality in neonatal sepsis.
Compared with hyperglycemia, hypoglycemia was
found, in the present study, to have a more evident association with mortality (adjusted odds ratio = 3.86). Moreover, infants with hypoglycemia were more likely to need
invasive mechanical ventilation. In addition, hypoglycemia
was associated with a significantly lower platelet count
which is a prognostic marker in neonatal sepsis [30].
Although hypoglycemia might not be causally linked to
these effects, our findings indicate that it is a good prognostic tool that should warn physicians of an unfavorable
clinical outcome so that more close monitoring and
aggressive treatment would be instituted.
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Noteworthy, the postnatal age was significantly higher
among non-survivors which could be explained by the
fact that a significant number of infants are referred to
our NICU from other hospitals after a lag of several days
when a place is available. This delay made the age of referred infants older and, meanwhile, might have contributed to their mortality.
There are several limitations of the present study. The
sample sizes were not large enough to draw firm conclusions. In addition, we used a single glucose measurement
upon NICU admission rather than the mean or peak
levels over a prolonged period. However, a single measurement seems to be a simpler tool that can be readily
utilized by physicians to predict the prognosis. Besides,
we measured plasma glucose level by blood glucose
meter whose results are not as reliable as those of formal
laboratory testing. Finally, the observational nature of
the present study cannot prove the causal relation of
glucose abnormalities to mortality and morbidity. Randomized controlled trials are, therefore, certainly
needed.

Conclusion
Abnormalities in plasma glucose level are common
among full-term and late-preterm neonates with sepsis
and can be used for prediction of prognosis. Both hyperglycemia and hypoglycemia were independently associated with mortality. Hypoglycemia was, in addition,
associated with a higher rate of mechanical ventilation.
However, it is not possible, based on the present study,
to prove a causal link of glucose abnormalities to mortality and morbidity. Consequently, larger randomized
controlled trials are required.
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