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Highlights

e  Early neonatal hyperglycemia (NH) in extremely preterm (EP) infants was linked to higher rates
of ventilator-associated pneumonia, prolonged mechanical ventilation, severe ROP, and a trend
toward increased moderate-to-severe bronchopulmonary dysplasia (BPD), even after
propensity score matching.

e  These associations suggest that early NH may be an independent contributor to adverse short-
term outcomes in this high-risk population.

e Early recognition and targeted management of NH may help reduce respiratory and
ophthalmologic morbidities.

e Findings support the need for standardized glucose-monitoring protocols and future
interventional studies to determine whether better glycemic control improves outcomes.

Abstract

Background: Neonatal hyperglycemia (NH) is a common metabolic complication among (NH)
infants. However, early risk factors and clinical outcomes of NH remain unclear. Objective: To
evaluate the association of NH with clinical outcomes and neurodevelopmental(NDD) risk in EP
infants. Methods: This retrospective propensity score matching (PSM) study, included EP, born
between 2018-2019 at women’s wellness and research Center who met the NH criteria (blood glucose
>8.3 mmol/L). Hyperglycemia severity, maternal factors, delivery room interventions, early
physiological markers, neonatal morbidities, and follow-up outcomes were compared. Propensity
score matching (1:1) was used to adjust for significant baseline demographics and clinical
characteristics. Results: Out of 225 EP infants, 131 (58.2%) developed NH in the first week of life of
infants, with mild hyperglycemia in 31.0%, moderate in 14.6%, and severe in 11.1% of cases. Before
matching, infants with NH were more preterm and had lower birth weight and head circumference.
Their mothers had lower rates of premature rupture of membranes (PPROM). Affected infants
required more surfactant in the delivery room and had higher oxygen and mechanical ventilation
needs during the first week. After matching, NH was associated with significantly higher rates of
ventilator-associated pneumonia (VAP), with 23.6% vs 3.7%, OR 8.04 CI: 1.72-37.66, p=0.003, longer
duration of mechanical ventilation (19.8+25.3 vs 8.9+24.8 days, MD -10.942, CI -21.470—0.420,
p=0.042), higher postnatal steroid use (18.2% vs 5.5%, OR 4.64, CI 1.56-14.37, p=0.040) After matching,
NH was associated with significantly higher rates of severe retinopathy of prematurity (ROP), (21.6%
vs 6.4%, OR 4.03 CI: 1.04-15.50, p= 0.032).and trend towards moderate to severe bronchopulmonary
dysplasia (BPD) (33.3% vs 15.9%, OR 2.64, CI 0.96-7.23, p=0.054). No significant differences in
mortality were observed between the groups; however, infants with NH who died were older.
Conclusion: Early NH in EP infants is associated with an increased risk of ventilator-associated
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pneumonia, prolonged mechanical ventilation, severe ROP, and moderate to severe BPD. These
findings suggest that NH may contribute to poorer short-term outcomes in this vulnerable
population.

Keywords: extremely preterm; infants; neonatal hyperglycemia; ROP; ventilator-associated
pneumonia; propensity score matching

1. Introduction

Neonatal hyperglycemia (NH) is among the most common metabolic disorders in extremely
preterm (EP) infants [1]. It results from multiple factors, including insulin resistance, stress-related
catecholamine release, immature pancreatic beta-cell function, and exogenous glucose
administration [2—4]. Incidence rates vary widely, from 20% to 80%, depending on gestational age,
illness severity, and nutritional management [5,6]. NH has been associated with adverse outcomes
such as necrotizing enterocolitis (NEC), bronchopulmonary dysplasia (BPD), retinopathy of
prematurity (ROP), sepsis, and increased mortality [6-10]. However, these associations are
confounded by the biological vulnerability of this population, making it unclear whether NH is an
independent risk factor or merely a marker of disease severity [6,10,11].

Recent studies confirm that hyperglycemia is common in EP infants and linked to significant
short- and long-term morbidities. It is associated with increased mortality, intraventricular
hemorrhage (IVH), and ROP, particularly when blood glucose exceeds 10 mmol/L or when
hyperglycemia is prolonged. Observational data also suggest associations with chronic lung disease
and neurodevelopmental impairment, though causality remains uncertain. Pathophysiologically,
NH reflects a combination of insulin resistance and impaired insulin secretion, both strongly
influenced by prematurity. Hyperglycemic neonates exhibit reduced endogenous insulin production,
and exogenous insulin therapy does not suppress pancreatic secretion, underscoring the complexity
of metabolic immaturity [12-14].

NH may also contribute to oxidative stress, inflammation, and endothelial dysfunction,
mechanisms implicated in ROP, BPD, and heightened infection risk [2,10,15-17]. Furthermore,
prolonged hyperglycemia may disrupt retinal vascular development, increasing the likelihood of
severe ROP or the need for intervention. Long-term follow-up studies show that each day of
hyperglycemia >8 mmol/L is associated with lower intelligence scores and worse motor outcomes at
6.5 years of age, while insulin treatment does not appear to improve neurodevelopmental outcomes.
Despite these associations, optimal thresholds for intervention and management strategies remain
controversial, as lowering glucose infusion risks calorie deficits and growth impairment, while
insulin therapy increases hypoglycemia risk [18-20].

Given these uncertainties, we aimed to determine whether NH is independently associated with
major neonatal morbidities after adjusting for confounders using propensity score matching (PSM).
To address this question, we conducted a matched-cohort study to evaluate the impact of early NH
on clinical outcomes in this high-risk population.

2. Materials and Methods

2.1. Study Design, Setting, and Population

We conducted a retrospective propensity-matched cohort study in the level Il Neonatal
Intensive Care Unit (NICU) of the Women’s Wellness and Research Center, Hamad Medical
Corporation, Doha, Qatar.

All live-born infants with a gestational age (GA) <28 weeks, who were admitted to the NICU
within 24 h of birth between January 2018 and December 2019, were eligible. Infants who died in the
first 12 hours of age, as well as infants with major congenital anomalies, chromosomal syndromes, or
metabolic disorders that affect glucose homeostasis, were excluded.
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2.1.2. Variables and Outcomes

Maternal variables—including age, hypertensive or diabetic disorders, chorioamnionitis,
prolonged rupture of membranes, antenatal steroid exposure, body mass index, and glycated
hemoglobin—and neonatal variables such as birth weight, head circumference, gestational age, sex,
birthweight z-score, and delivery room interventions were extracted from electronic records. Clinical
parameters included modes and duration of respiratory support, metabolic markers (FiO,, lactate,
and base excess), insulin therapy, and postnatal steroid use. Major outcomes assessed were
intraventricular hemorrhage (IVH), necrotizing enterocolitis (NEC), patent ductus arteriosus,
ventilator-associated pneumonia (VAP), retinopathy of prematurity (ROP), bronchopulmonary
dysplasia (BPD), and NDD outcome at 18 month corrected gestational age.

2.1.4. Definitions

BPD severity was classified according to Jensen's 2019 criteria [21], based on respiratory support
at 36 weeks PMA (mild: nasal cannula < 2 L/min; moderate: non-invasive support or cannula > 2
L/min; severe: invasive ventilation). Severe IVH was defined as Papile grade III-IV [22], and severe
ROP as stage > 3 or requiring treatment [9]. Neonatal hyperglycemia (NH) was defined as blood
glucose > 150 mg/dL(>8.3mmol/L) within the first week of life; the daily peak value was used when
multiple measurements were available and categorized as mild 150-180 mg/DI (8.3-10.0 mmol/L),
moderate 180-200 mg/dL (10.0-11.1 mmol/L), or severe > 200 mg/dL(>11.1 mmol/L) [2].
Neurodevelopmental impairment (NDI) was evaluated at discharge or follow-up using standardized
assessments of cognitive, motor, receptive, and expressive domains. NDD assessments were
conducted at 18 months of corrected age using the Bayley Infant NDD Screener (BINS III) [23], a
validated tool designed to identify infants at risk for developmental delays. BINS III evaluate
cognitive, motor, and expressive/receptive language skills through structured tasks and caregiver-
reported observations. Infants were categorized as follows based on standardized cutoff scores.
Infants were categorized as low risk (scores within age expectations), moderate risk (1-2 SD below
the mean), or high risk (>2 SD below the mean/failed critical items) for NDD delay, enabling
identification of those who need early intervention.

2.1.5. Statistical Analysis

Continuous variables were summarized as mean + SD and compared using t-tests. Categorical
variables are expressed as counts and percentages and compared using x? or Fisher’s exact test, as
appropriate. Associations between NH and outcomes were reported as odds ratios (ORs) or mean
differences with 95% confidence intervals (CI). Sensitivity analyses included multivariable logistic
regression to adjust for potential residual confounding and exploratory models assessing glucose
variability and duration of hyperglycemia. Statistical significance was defined as a two-sided p-value
<0.05. Analyses were performed using SPSS v29.

To minimize confounding, we used PSM. For NH, outcomes were calculated using logistic
regression, including gestational age, birth weight, sex, antenatal steroid use, DR intervention, and
key perinatal covariates. We performed 1:1 nearest-neighbor matching without replacement, using a
caliper of 0.2 of the logit of the propensity score. Balance was assessed using standardized mean
differences (SMD), with an SMD <0.10, indicating an acceptable balance. “Before matching” refers to
the original sample; “after matching” refers to the matched pairs used for outcome comparisons.

Ethical approval was obtained from the Institutional Review Board, and informed consent was
waived due to the study's retrospective nature.

3. Results

3.1. Cohort Characteristics
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Among 225 infants, 131 (58.2%) developed NH during the first postnatal week, while 94 (41.8%)
did not. Of the 131 infants, 20.91% developed any hyperglycemia, 11.47% mild NH, 4.34% moderate
NH, and 5.10% severe NH.

3.1.1. Table 1: Maternal and Neonatal Characteristics

Before matching, infants with hyperglycemia were more premature (25.34 vs 25.8 weeks,
p=0.004), had lower birth weight (803 g vs 914 g, p<0.001), and smaller head circumference (22.8 vs
23.95 cm, p<0.001). Maternal PPROM was significantly less frequent (20.6% vs 33.0%, p=0.036), and
surfactant use in the delivery room was higher (63.4% vs 50.0%, p=0.045). After matching, none of
these differences remained significant, indicating that maternal and neonatal characteristics were
balanced between the two groups. Other maternal and neonatal baseline demographics did not differ
significantly between groups.

Table 1. Maternal and Neonatal Characteristics.

Variable Before Matching After Matching
. o0, : o,
No HG (n HG (n= Odds Ratl(‘) (95% CI) NoHG (n HG (n= Odds Ratl(') (95% CI)
-94) 131) / Mean Difference P-value 54) 55) / Mean Difference P-value
- (95% CI) - (95% CI)
Maternal
Hypertension, n (%) 12 (13.8%) 15 (11.8%) 0.84 (0.37-1.88)  0.668 11(204%) 5(9.1%) 039 (0.12-121)  0.096
Hyperglycemia /
15 (16.0%) 19 (14.8% 92 (0.44-1.91 .82 7 (13% 11.1% . .26 - 2. .767
Diabetes, n (%) 5(16.0%) 19 (14.8%) 0.92 (0 91)  0.820 (13%) 6 ( %) 0.83(0.26-2.68) 0.76

Chorioamnionitis, n
(%)
PPROM, n (%) 31 (33.0%) 27 (20.6%)  0.53 (0.28 — 0.96) 0.036 12 (22.2%) 14 (25.5%) 1.19 (0.49 — 2.89) 0.692

17 (18.1%) 16 (12.2%) 0.63 (0.30-1.32)  0.220 6 (11.1%) 10 (18.2%) 1.77(0.59-5.29)  0.297

Ante“ata(lo /s)te“"ds’ ™ 76 (80.9%) ( 8;10%) py  139077-327) 0208 42(778%)48 (87.3%) 195(070-543) 0191
2986+ 2893+ 3147+ 2922+
Maternal BMI (value) ~ . v 093(067-253) 0253 770 o 225(043-493) 009
-0.176 (-0.367 —
Maternal HbAlc (%) 5.27 +0.47 530 +0.35 ~0.04(-0.19-0.12) 0.658 5.07 +0.245.25 + 0.36 0.014%) 0.070
Neonatal
SGA, n (%) 3(32%) 8(6.1%) 197(050-7.64) 0367 3(5.6%) 1(1.8%) 032(0.03-3.12) 0363

LGA, n (%) 11 (11.7%) 13 (9.9%) 0.83(035-1.94) 0670 4(74%) 3(55%) 072(0.15-3.38) 0716
Male gender, n (%) 53 (56.4%) 73 (55.7%) 0.97 (057 -1.66)  0.922 29 (53.7%) 26 (47.3%) 0.77 (0.36 —1.64)  0.502
91382+ 803.02+  110.79 (64.38 - 88546+ 8502+

Birth weight () =" % Is701) <0001 °SCE U 3528(-2722-97.78) 0.266
Ges:i:::l‘(g age Ziii Zi’zéi 047 (0.15-0.80)  0.004 Zi’iii ziiii 027 (-0.16-0.70) 0218
Head Ciizfn’:’fereme 231'.9851 * 22f722 * 113(059-1.66) <0.001 231"79? 23;..3(,)? 039 (-037-1.15) 0312
BWZscore  0.34+0.89 O'Sz%i 0.30 (0.06—0.54)  0.013 0'3,88? 014072 0.04 (-2.66-0.35) 0.777
Int“baﬁ:’l)z)i“ DR o 73.4%) (Sé%i iy 153081289 0181 45(833%)40(727%) 053 (021-135) 0182

Surfactant in DR, n
(%)

This table compares baseline characteristics of mothers and their extremely preterm infants in the

47 (50.0%) 83 (63.4%) 1.73(1.00-2.96)  0.045 26 (48.1%)29 (52.7%) 1.20 (0.56-2.54)  0.633

no-hyperglycemia and hyperglycemia groups, both before and after propensity score matching. Maternal
variables include hypertension, diabetes, chorioamnionitis, preterm premature rupture of membranes
(PPROM), antenatal steroid use, maternal body-mass index and HbAlc levels. Neonatal characteristics include
small-for-gestational-age and large-for-gestational-age status, sex, birthweight, gestational age, head
circumference, birth-weight z-score, delivery-room intubation and surfactant use. Each row reports counts (or
means) for the two groups, the corresponding odds ratio or mean difference with 95 % confidence interval, and
a P-value, both before and after matching. *Missing data: maternal hypertension (N=11), maternal BMI (N=7),
maternal Hb A1C (N=113), head circumference (N= 42).

Table 2: Clinical Parameters in the NICU

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0177.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 January 2026 d0i:10.20944/preprints202601.0177.v1

5 of 12

Before matching, infants in the hyperglycemia group had a more intensive respiratory course.
High-frequency ventilation was significantly more common (44.5% vs 20.5%; p <0.001). The duration
of invasive ventilation was longer (17.94 + 23.2 vs 6.13 + 20.0 days; mean difference 11.80 days, 95%
CI5.30-18.29; p < 0.001). Early physiological markers were also worse, with higher mean FiO, during
the first week (45.54 vs 37.48; p = 0.007). Postnatal steroids were used more frequently in infants with
hyperglycemia (20.2% vs 5.1%; p = 0.003). Hyperglycemia persisting beyond the first week was also
more frequent (19.5% vs 3.4%; p < 0.001), and insulin therapy was required more often (9.9% vs 2.1%;
p =0.021). Other variables, including surfactant use, initial invasive ventilation rates, base excess, and
discharge PMA, were not significantly different.

After matching, most early physiological differences diminished. High-frequency ventilation,
week-1 FiO,, and base excess were no longer significantly different between groups (all p > 0.20).
However, the duration of invasive ventilation remained longer in the hyperglycemia group (19.8 +
25.3 vs 8.9 £ 24.8 days; mean difference 10.94 days, p = 0.042). Postnatal steroid exposure remained
higher (18.2% vs 5.5%; p = 0.040), and persistent hyperglycemia beyond the first week was more
common in the hyperglycemia group (27.3% vs 6.1%; p = 0.004). Discharge PMA was similar across
groups, and insulin use after matching could not be reliably estimated due to sparse data.

Table 2. Comparison of Clinical Parameters in the NICU.

Variables Before Matching After Matching

No HG HG Odds ratio / P- No HG HG Odds ratio / P-

(n=94) (n=131) Mean value (n=54) (n=55) Mean value

difference difference
(95% CI) (95% CI)

Surfactant, n (%) 73 114 1.78 (0.82-  0.139 52 48 0.26 (0.05-  0.161

(82.0%)  (89.1%) 3.87) (96.3%)  (87.3%) 1.33)
Invasive 76 119 2.26 (0.92-  0.069 52 51 0.49 (0.08-  0.679
ventilation, n (%) (85.4%) (93.0%) 5.54) (96.3%)  (92.7%) 2.79)
High frequency 18 57 3.12 (1.67-  <0.001 10 15 1.56 (0.66—  0.277
ventilation, n (%) (20.5%) (44.5%) 5.82) (18.5%) (27.3%) 4.08)
Invasive 613+ 1794+ -11.80 <0.001 89+ 19.8 + -10.94 0.042
ventilation, days 20.0 23.2 (-18.29 to 24.8 25.3 (-21.47 to

-5.30) -0.42)
High FiO, (first 3748+ 4554+ -8.05 0.007 3786+ 3592+ 193(-549- 0.602
week) 21.55 22.04 (-13.91 to 20.17 18.45 9.28)
-2.00)

High lactate (first ~ 3.60 = 487+ -127(-251 0.045 338 312+ 0.25(-0.77- 0.623
week) 3.66 5.0 to -0.02) 3.2 2.08 1.29)
High Base Excess 7.89+ 1041+ -252(-5.18  0.063 791 779+ 0.11(-141- 0.882
(first week), n 451 12.03 -0.13) 47 3.14 1.63)
Postnatal 4 22 474 (1.56 -  0.003 3 10 4.64 (1.56 -  0.040
steroids, n (%) (5.1%)  (20.2%) 14.37) (5.5%)  (18.2%) 14.37)
Discharge PMA, 3986+ 4184+ -198(-415 0.073 385z 409+  -2.44(-5.27 0.090
weeks 7.33 6.96 to - 0.18) 5.13 7.81 -0.38)
Hyperglycemia 3 25 6.79 (198 -  <0.001 3 15 5.75(1.55-  0.004
beyond first (3.4%)  (19.5%) 23.29) (6.1%)  (27.3%) 21.31)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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week of life, n

(%)
Insulin used, n 2 13 5.07 (1.11- 0.021 — — — —
(%) (2.1%) (9.9%) 23.02)

This table summarises the major clinical interventions and metabolic parameters during the neonatal intensive
care unit stay for infants with and without early hyperglycemia. It includes surfactant use, invasive ventilation
(presence and duration), high-frequency ventilation, exposure to high FiO,, high lactate levels, and high
base-excess within the first week, administration of postnatal steroids, post-menstrual age at discharge,
persistence of hyperglycemia beyond the first week, and insulin therapy. For each variable, counts or means are
presented for the two groups before matching (n=94 vs. n=131) and after matching (n=54 vs. n=55), along with
the odds ratio or mean difference (95 % CI) and P-value. Missing data: Surfactant administration (N=8),
ventilation (N=8), HFO (N=9), VENT days (N= 36), postnatal steroids (N=37), D/C PMA (N=51), hyperglycemia
beyond 1 week (N=10).

Table 3: Major Morbidities and Complications

Before matching, infants in the NH group had markedly higher respiratory and ophthalmologic
morbidity. VAP was significantly more frequent in the hyperglycemia group (28.2% vs 6.4%; OR 5.77,
95% CI 2.32-14.34; p < 0.001). Any ROP was also more common (66.9% vs 46.5%; p = 0.003), as was
severe ROP (26.3% vs 10.5%; OR 3.04, 95% CI 1.36-6.80; p = 0.006). Similarly, the incidence of BPD
was higher among infants with hyperglycemia (58.9% vs 28.2%; OR 3.18, 95% CI 1.68-6.67; p < 0.001),
as was moderate-severe BPD (46.8% vs 22.2%; OR 3.03, 95% CI 1.59-5.76; p < 0.001). Other
complications, including early-onset and late-onset sepsis, NEC, IVH (including severe IVH),
pneumothorax, PVL, PDA, and PDA device closure, did not differ significantly between groups.

After matching, most between-group differences were attenuated, but two key associations
persisted. VAP remained significantly more frequent in the hyperglycemia group (23.6% vs 3.7%; OR
8.04, 95% CI 1.72-37.66; p = 0.003), and severe ROP continued to occur more often (21.6% vs 6.4%; OR
4.03, 95% CI 1.04-15.50; p = 0.032). Rates of any ROP, BPD, moderate—severe BPD, sepsis, NEC, IVH,
pneumothorax, PVL, PDA, and PDA device closure were no longer statistically different after
matching, although point estimates for BPD and moderate-severe BPD continued to trend higher in
the hyperglycemia group.

Table 3. Major Morbidities and Complications.

Variables Before Matching After Matching
NoHG HG (n= Odds Ratio P- NoHG HG(n  Odds Ratio P-
(n=94) 131) 95%CI)/ value (n=54) =55) 95%CI)/ value
Mean Mean
Difference Difference
(95 % CI) (95 % CI)
Early onset 2 1 0.35 (0.03 - 0.573 1 0 0.49 (0.40 - 0.495
sepsis, n (%) 2.1%)  (0.8%) 3.96) (1.9%) (0.0 %) 0.59)
Late onset 13 23 1.33 (0.63 — 0.452 10 16 1.80 (0.73 — 0.195
sepsis, n (%) (13.8%)  (17.6 %) 2.77) (185 %) (29.1 %) 4.44)
First sepsis 16.33 + 20.63+ —4.29 (-14.49 0.4 16.64 + 20.25 £ -3.61 (-14.7 0.512
episode DOL, 12.05 16.97 -5.91) 12.59 14.64 —7.56)
days
UTI n (%) 2 5 1.83 (0.34 - 0.702  0(0 %) 1 0.50 (0.41 - 0.100
(21%)  (3.8%) 9.61) (1.8 %) 0.60)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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IVH, n (%) 19 39 1.69 (0.90 — 0.099 12 16 1.43 (0.60 — 0.412
(202%) (30 %) 3.16) (222%)  (29.1%) 3.41)

Severe IVH, n 2 9 3.42(0.72 - 0.125 2 3 1.50 (0.24 - 0.100

(%) Q1%)  (6.9%) 16.21) (B7%)  (55%) 9.35)

NEC, n (%) 4 11 1.97 (0.60-  0.250 3 6 2.08 (0.49-  0.489
45%)  (8.6%) 6.41) (56%)  (10.9%) 8.78)

VAP, n (%) 6 37 577(232- < 2 13 8.04 (172~  0.003
64%)  (28.2%) 14.34) 0.001  (37%) (23.6%) 37.66)

Pneumothorax, 2 8 290 (0.60-  0.204 1 1 0.98 (0.06 —  0.100

n (%) Q22%) (63 %) 13.99) 19%)  (1.8%) 16.10)

PVL, n (%) 1 6 4.46 (0.52 - 0.243 1 2 2.03 (0.17 - 0.100
(11%) (4.7 %) 37.72) (19%)  (3.7%) 23.17)

PDA, n (%) 44 76 1.53 (0.87 - 0.136 25 25 0.92 (041 - 0.837
(24%) (62.8%) 2.70) (G21%)  (50.0 %) 2.03)

ROP, n (%) 40 79 2.32(1.31 - 0.003 21 28 1.50 (0.67 — 0.312
465 %)  (66.9 %) 4.12) 447 %) (549 %) 3.34)

Severe ROP, n 9 31 3.04 (1.36 — 0.005 3 11 4.03 (1.04 - 0.032

(%) 105%) (263 %) 6.80) 64%) (21.6%) 15.50)

BPD, n (%) 23 66 3.17 (1.96 - < 11 21 2.33 (0.95 - 0.059
(282%) (58.9%) 6.67) 0.001 (25.0%) (43.8 %) 5.67)

Moderate- 18 52 3.03 (1.59 - < 7 16 2.64 (0.96 — 0.054

severe BPD,n  (222%) (46.4%) 5.76) 0.001 (15.9%) (33.3 %) 7.23)

(%)

PDA device 5 6 0.83 (0.24 - 0.762 2 2 0.90 (0.12 - 0.100

closure, n (%) (69%) (5.8 %) 2.82) (4.8%) (4.3 %) 6.75)

This table reports the incidence of major complications among the study infants with and without
hyperglycemia. Outcomes include early and late-onset sepsis, day of first sepsis episode, urinary tract infection,
intraventricular hemorrhage (IVH) and severe IVH, necrotising enterocolitis (NEC), ventilator-associated
pneumonia (VAP), pneumothorax, periventricular leukomalacia (PVL), patent ductus arteriosus (PDA),
retinopathy of prematurity (ROP) and severe ROP, bronchopulmonary dysplasia (BPD) and moderate-to-severe
BPD, and PDA device closure. The table lists counts and percentages for each group before and after matching,
together with the odds ratio or mean difference (95 % CI) and P-value. Missing data: first sepsis DOL (N=107),
PDA (N=20), PDA device closure (N=50), BPD (N=32).

Table 4: Hospital Stay, Clinical Outcomes, and Morbidities

Before matching, infants with early hyperglycemia had a longer NICU admission (mean
difference 17.76 days, 95% CI 2.38-33.14; p = 0.024). They were less likely to be discharged before 36
weeks PMA (13.9% vs 36.7%; p < 0.001) and more likely to be discharged after 36 weeks (85.5% vs
64.2%; p < 0.001). Hospital stay was significantly longer overall (mean difference 24.85 days, p =
0.001). Death occurred at later postnatal ages in the hyperglycemia group (mean difference 24.98
days, 95% CI 1.44-48.51; p = 0.038), although the mortality rate itself did not differ significantly. NDD
assessments were completed in 79/94 (84.0%) of infants in the NH group and 108/131 (82.4%) in the
HG group. Infants without follow-up data were excluded. Hyperglycemia is associated with almost
double the odds of any NDD risk (49.1% vs 32.9%; OR 1.96, 95% CI 1.07-3.58; p = 0.027). High-risk
scores are more frequent, with odds 3.16 times higher (17.6% vs 6.3%; OR 3.16, 95% CI1 1.12-8.87; p =
0.023). Motor-domain abnormalities (fine and gross motor) were also more frequent in the
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hyperglycemia group (25.9% vs 13.9%; OR 2.16, 95% CI 1.00—4.66; p = 0.036). Other NDD domains
(cognitive, receptive, and expressive) showed no significant differences before matching.

After matching, most differences were attenuated. NICU stay, and discharge timing were no
longer significantly different (both p > 0.05), although the age at death remained later in infants with
NH (mean difference 25.93 days, 95% CI 5.81-46.06; p = 0.015). Persistent differences in mortality rate,
total hospital stay, and NDD outcomes did not meet statistical significance after matching, including
any NDD risk, high-risk scores, or domain-specific delays. Overall, after balancing for baseline
characteristics, only the age at death remained significantly different between groups.

Table 4. Hospital Stay, Clinical Outcomes, and Morbidities.

Variables Before Matching After Matching
Odds ratio / Mean Odds ratio / Mean
No HG HG difference (95% P-value No HG HG (n=55) difference (95% P-value
(n=94) (n=131) (n=54)
o)) o))
9773+ 11550+ -17.76 (-33.14 to 8821+  107.26+
NICUstay, days - s A 0024 S s31y ~19.04(-384-038) 0.055
Discharge before 36y 3 2o\ 15 (13.0%) 0.28(0.13-056) <0.001 14 (32.6%) 9 (18.8%) 047 (0.18-125) 0.130
weeks PMA’ n (0/0) . (e . {¢] .. . o o o ‘0 o {¢] o . .. .
Discharge after36 ., o) 7o) 04(85.5%) 327 (1.63-6.58) <0.001 30 (68.2%) 38 (79.2%) 177 (0.69—455) 0231
weeks’ n (0/0) . 0 . 0 . . . . . 0 . o . B . .
Discharge PMA, o o0 L 73341801696 8 CHISI0 0 00n 3854513 409+7.81 244 (-527-038) 0.090
weeks -0.18)
Death,n (%) 13 (13.8%) 21 (160%) 1.19(0.56-251) 0.649 10(185%) 7(12.7%) 0.64(0.22-1.83) 0.405
1214+ -24.98 (-48.51 to 1349+ 3942+  —-25.93 (-46.06 to
Death DOL, days .- '~ 37.12£403 Cah 0038 N s, 0.015
) 9047+ 11532+ -24.85(-39.45 to 8821+ 10726+ —19.04 (-38.48 -
Hospital stays, days 5, (4 59.99 -10.24) <0001 5010 53.11 0.38) 0.055
Any NDD risk,
ny o ST 6 (32.9%) 53 (49.1%) 196 (1.07-358)  0.027 15 (34.9%) 21 (43.8%) 1.45(0.62-3.38) 0.388

High NDD,n (%) 5(6.3%) 19 (17.6%) 3.16(1.12-8.87) 0.023 2(47%) 5(104%) 2.38(0.43-1298) 0.265
Cognitive,n (%) 6 (7.6%) 9(83%) 111(0.37-324) 0854 3(7.0%) 1(2.1%) 0.28(0.02-2.83) 0.268
Neurologic (fine and
gross motor), n (%)
Receptive,n (%) 15 (19.0%) 16 (14.8%) 0.74(0.34—1.60) 0449 9(20.9%) 8(167%) 0.75(026-2.17) 0.602
Expressive, n (%) 20 (25.3%) 37 (34.3%) 1.54(0.80-2.92) 0.189 15(31.3%) 15 (13.3%) —* —*

11 (13.9%) 28 (25.9%) 2.16 (1.00-4.66) 0.046 6(14.0%) 11(22.9%) 1.83(0.61-547) 0273

This table compares overall clinical outcomes and hospital course variables between infants with and without
hyperglycemia. Variables include length of NICU stay, discharge before or after 36 weeks’ post-menstrual age,
discharge post-menstrual age in weeks, mortality and age at death, total hospital stay, and NDD outcomes at
follow-up. NDD outcomes include any risk of developmental delay, high risk of developmental delay, and
domain-specific outcomes (cognitive, fine and gross motor, receptive language, and expressive language). Data
are presented as means or counts for each group before and after matching, along with the corresponding mean
differences or odds ratios (95 % CI) and P values. * Missing data: Stay days 51, hospital stays 38, discharge before

36 weeks: 38, discharge after 36 weeks: 34, neurodevelopmental assessment: 38 (died).

4., Discussion

In our study of EP infants, we found that early NH affected more than half of the population
and was associated with a specific pattern of adverse outcomes. Before adjusting for baseline
differences, these infants tended to be smaller, less mature, and more clinically unstable. They needed
more respiratory support and higher oxygen levels, and they showed metabolic stress with elevated
lactate levels. Even after carefully matching gestational age, birth weight, and perinatal factors,
hyperglycemia itself remained an independent risk factor for several serious outcomes: VAP, severe
ROP, prolonged invasive ventilation, persistent dysglycemia beyond the first week, and a possible
increase in moderate-severe BPD. This suggests that NH is not simply a marker of illness severity; it
may actively contribute to respiratory and retinal disease.

Our incidence of early NH (58%) aligns with reports indicating that 20-80% of very preterm or
ELBW infants develop NH during the first week of life, especially within the context of aggressive
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parenteral nutrition and critical illness. [4]. Recent cohort studies and systematic reviews have shown
that NH is related to increased major morbidities and mortality, including IVH, ROP, NEC, and
prolonged ventilation [5,6]. Our results demonstrate that hyperglycemic infants required much
longer invasive ventilation and experienced greater early respiratory instability, even after matching.
The ongoing need for prolonged ventilation and increased postnatal steroid exposure suggests that
early dysglycemia may contribute to a more severe course of BPD.

The strong and consistent correlation between early NH and VAP in our cohort is noteworthy.
After matching, infants with early NH had about eight times higher odds of developing VAP. This
builds on previous research linking NH to late-onset sepsis and culture-confirmed infections [7],
which makes biological sense, as hyperglycemia impairs neutrophil chemotaxis, phagocytosis,
cytokine signaling, and mucosal immunity. Both adult and pediatric ICUs regularly recognize
hyperglycemia as a risk factor for nosocomial infections and VAP; our results indicate a similar trend
in EP infants, who are especially susceptible due to prolonged ventilation and invasive monitoring.

Our study further supports the growing evidence that early NH, is linked to ROP, especially in
severe cases. Many observational cohorts and meta-analyses have shown an association between NH
and increased risk of any ROP and ROP requiring treatment [9]. Kermorvant-Duchémin and
colleagues showed that cumulative exposure above glycemic thresholds of 7-13 mmol/L (126-234
mg/dL) strongly predicts severe ROP [15]. Movsas et al. recently confirmed that early NH raises the
risk of severe ROP and suggested glucose-based thresholds for risk stratification [16]. Our matched
analysis—demonstrating a fourfold higher odd of severe ROP among hyperglycemic infants—aligns
with these findings. The association between NH, higher early FiO, requirements, and elevated
lactate levels suggests that metabolic stress and fluctuating oxygen delivery may synergize to
accelerate abnormal retinal blood vessel growth.

BPD is another significant outcome where our findings align with current evidence. Before
matching, early NH was linked to higher rates of BPD and moderate-severe BPD. After matching
using the Jensen 2019 support-based definition, the effect size diminished but remained clinically
relevant, showing a trend toward a two- to threefold increased risk. The Jensen system classifies BPD
severity based on respiratory support at 36 weeks PMA and strongly correlates with long-term
respiratory and NDD outcomes [21]. Our results indicate that although much of the connection
between NH and BPD is due to overall illness severity, early dysglycemia may still biologically
contribute through inflammatory and oxidative pathways. This perspective aligns with recent
cohorts and meta-analyses [6,10,24,25] that emphasize the difficulty of entirely distinguishing
glycemic effects from underlying immaturity.

Unlike earlier studies that indicated higher mortality rates in hyperglycemic infants [6,24], our
matched cohort showed similar mortality across groups. However, hyperglycemic infants
experienced later deaths and generally longer NICU stays. This pattern suggests that NH may be
more closely associated with chronic respiratory and eye health issues than with immediate
mortality, possibly because improvements in supportive care, nutrition, and infection prevention
have reduced mortality. Severe ROP and BPD are important factors connecting early physiological
instability with later death and NDD challenges [16,17], consistent with the profiles seen in our
hyperglycemic infants.

It is still unclear how early NH affects long-term NDD. Before matching, infants with NH were
more likely to experience motor and cognitive problems, consistent with research linking poorer
white matter development [4-9]. Point estimates continued to favor the normoglycemic group, but
these differences were no longer statistically significant after matching. These differences might be
due to a small sample size, a short follow-up period, and reliance on early screening tools.
Continuous glucose monitoring studies indicate that both hyperglycemia and glycemic variability
can contribute to neurological injury, including severe IVH and PVL [2,9,10]. Our results support the
idea that early NH is part of a broader dysglycemic pattern, indirectly linked to NDI through severe
chronic conditions.
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Finally, our findings highlight the importance of how we define and manage NH. In the first
week, we used a threshold of >8.3 mmol/L (>150 mg/dL), and infants with NH were more likely to
experience persistent hyperglycemia beyond that period. This was supported by Kermorvant-
Duchémin and Movsas work [15,16], which shows that cumulative exposure to hyperglycemia above
certain thresholds predicts severe ROP more accurately than isolated peaks. Other studies using
continuous glucose monitoring suggest that glycemic variability may be equally important [2,9],
suggesting that both burden and chronicity matter and that binary thresholds could underestimate
total risk.

From a therapeutic perspective, our findings reinforce the need for careful prevention and
monitoring of hyperglycemia rather than aggressive insulin-based tight glycemic control. Trials of
early insulin therapy show reduced hyperglycemia and increased IGF-1 but at the cost of more
hypoglycemia and no proven benefit for survival, ROP, or NDD [3]. Current expert recommendations
support optimizing glucose infusion rates, carefully titrating parenteral nutrition, and, when
available, using continuous glucose monitoring to reduce periods of severe dysglycemia. [2,17,26,27].
Our findings support this balanced approach: early NH identifies a high-risk phenotype with greater
respiratory and retinal morbidity, but not an independent mortality signal that would justify
aggressive insulin therapy.

4. Strengths and Limitations

The major strengths of this study are a large, current cohort of EP infants, standardized ROP
screening, classification of BPD according to the Jensen 2019 framework, and use of PSM to reduce
confounding. Limitations of this study include its single-center, retrospective design, possible
residual confounding, reliance on intermittent glucose samples (which cannot detect variability), and
early NDD screening rather than long-term standardized evaluations.

5. Conclusions

Early NH in EP infants was associated with greater respiratory morbidity, higher rates of VAP
and severe ROP, prolonged invasive ventilation, and longer hospital stays. After adjusting for
baseline differences, NH remained independently linked to VAP, severe ROP, and delayed mortality,
indicating that early dysglycemia reflects not only underlying illness severity. Still, it may also
contribute to specific adverse outcomes. NDD differences observed before matching were no longer
significant after adjustment. These findings highlight the importance of early glycemic monitoring
and targeted metabolic management in this high-risk population.
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EP - Extremely Preterm

NH - Neonatal Hyperglycemia

NICU - Neonatal Intensive Care Unit

NDI - Neurodevelopmental Impairment

NDD - Neurodevelopmental

HG - Hyperglycemia Group

PSM - Propensity Score Matching

OR - Odds Ratio

CI - Confidence Interval

SD - Standard Deviation

SMD - Standardized Mean Difference

DR - Delivery Room

PMA - Postmenstrual Age

DOL - Day of Life

Bayley-III — Bayley Scales of Infant and Toddler Development, Third Edition

Bayley-4 — Bayley Scales of Infant and Toddler Development, Fourth Edition

References

1. Beardsall K. Hyperglycaemia in the newborn infant: Physiology versus pathology. Front Pediatr.
2021;9:641306.

2. Riemensperger N, Morére MN, et al. Hyperglycemia in the newborn: Physiology versus pathology
revisited. Am | Physiol Endocrinol Metab. 2021;320:E410-E421.

3.  Beardsall K, Vanhaesebrouck S, Ogilvy-Stuart AL, et al. Early insulin therapy in very-low-birth-weight
infants. N Engl | Med. 2008;359:1873-1884.
Paulsen ME, Brown SJ, et al. Outcomes after early neonatal hyperglycemia. Neonatology. 2021;118:509-521.

5. Hays SP, Smith EO, Sunehag AL. Hyperglycemia is a risk factor for early death and morbidity in extremely
low birth weight infants. Pediatrics. 2006;118:1811-1818.

6.  Alessandrou G, Skidld B, Karlén J, et al. Early hyperglycemia in very preterm infants is associated with

severe neonatal morbidities. Neonatology. 2022;119:745-752.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0177.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 January 2026 d0i:10.20944/preprints202601.0177.v1

12 of 12

7. Inage Y, Suganuma H, Okumura A, et al. Risk factors for hyperglycemia in extremely low birth weight
infants. Pediatr Neonatol. 2022;63:13-18.
Saputri S, Alodia B, Habiburrahman M. Neonatal hyperglycemia: Review. World Acad Sci ]. 2024.
Jagta M, Szymonska I, Starzec K, Kwinta P. Early glycemic variability and neurodevelopment. Dev Period
Med. 2019;23:7-14.

10. Angelis D, Jaleel MA, Brion LP. Hyperglycemia and prematurity. Pediatr Res. 2023;94:892-899.

11. Ramel S, Rao R. Hyperglycemia in extremely preterm infants. NeoReviews. 2020;21:e89-e97.

12.  Ramel SE, Rao R. Developmental outcomes with neonatal hyperglycemia. NeoReviews. 2020;21:e430-e440.

13. Riemensperger N, Morére MN, et al. Physiologic insulin responses in preterm infants. Am | Physiol
Endocrinol Metab. 2021.

14. Boettger M, et al. Continuous subcutaneous insulin for severe neonatal hyperglycemia. | Clin Res Pediatr
Endocrinol. 2024;16:443-449.

15. Kermorvant-Duchémin E, Le Meur G, et al. Glycemia thresholds and ROP risk. PLoS Med. 2020;17:e1003477.

16. Movsas T, Nadernejad C, et al. Hyperglycemia thresholds and ROP outcomes. Front Pediatr.
2025;13:1688879.

17.  Thornton PS, Stanley CA, et al. Pediatric Endocrine Society guidelines. | Pediatr. 2015;167:238-245.

18.  Zamir I, et al. Hyperglycemia and neurodevelopment in EP infants. Arch Dis Child Fetal Neonatal Ed.
2021;106:F460-F467.

19. Boscarino G, Di Chiara M, Cellitti R, et al. Early hyperglycemia and neurological outcomes. Nutrients.
2022;14:4568.

20. Guiducci S, Meggiolaro L, Righetto A, et al. Hyperglycemia and NDD. Children. 2022;9:1541.

21. Jensen EA, Dysart K, Gantz MG, et al. BPD diagnosis in preterm infants. Am | Respir Crit Care Med.
2019;200:751-759.

22. Papile LA, Burstein ], Burstein R, Koffler H. IVH in infants <1500 g. ] Pediatr. 1978;92:529-534.

23. International Committee for Classification of ROP. Third edition. Ophthalmology. 2021;128:e51-e68.

24. Aylward GP. Bayley Infant Neurodevelopmental Screener. 1995.

25.  Simovi¢ D, Nezi¢ L, et al. Early hyperglycemia and outcomes in VLBW infants. Turk | Pediatr. 2021;63:627—
635.

26. SuhY, Shim JW, et al. Early hyperglycemia and neonatal morbidities. Front Pediatr. 2025;13:1520420.

27.  Sinclair JC, Bottino M, Cowett RM. Interventions for preventing neonatal hyperglycemia. Cochrane Database
Syst Rev. 2011;CD007615.

28. Beardsall K. Management of neonatal hyperglycemia. Front Pediatr. 2021;9:641306

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0177.v1
http://creativecommons.org/licenses/by/4.0/

