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Abstract

Introduction: Long-term effects of early hyperglycemia in VLBW infants are poorly 

characterized. The objective of this study was to systematically review the effect of early 

hyperglycemia on growth, metabolic health, and neurodevelopment after NICU discharge in 

VLBW infants.

Methods: The systematic review was conducted in accordance with the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses guidelines. A study protocol was registered in 

PROSPERO (CRD42019123335). Data sources included Ovid MEDLINE, Embase, Cochrane 

Library, CINAHL, and Scopus. Selected studies included infants with a blood glucose 

concentration >150 mg/dL (8.3 mmol/L) during the first 28 days of life, a gestational age <32 

weeks and/or a birthweight <1500 grams, and longitudinal data on growth, metabolic health, or 

neurodevelopment outcomes. The GRADE system was used to assess quality of evidence.

Results: Eight studies (n=987 infants) reported long-term outcomes from 4 months corrected 

gestational age to 7 years old. Most studies compared long-term outcomes of preterm infants 

with and without hyperglycemia. Two studies addressed outcomes related to interventions 

following early hyperglycemia. Some studies found differences in growth, metabolic health, and 

neurodevelopment outcomes between VLBW preterm infants with hyperglycemia and without 

hyperglycemia, while other studies found no differences between groups. The overall graded 

quality of evidence was low.

Conclusions: Well-designed randomized controlled and prospective studies are necessary 

to determine the effect of early hyperglycemia and its treatment on later metabolic and 

neurodevelopmental outcomes in VLBW infants. Authors propose a potential study design for 
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standardizing the assessment of long-term metabolic and neurodevelopmental outcomes following 

early hyperglycemia in preterm infants.
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Introduction

Very low birth weight (VLBW) infants, defined as infants born with a birthweight less 

than 1500 grams, frequently develop hyperglycemia soon after birth [1–7]. Studies using 

continuous glucose monitoring report the incidence of early hyperglycemia between 43-80% 

in VLBW infants [2, 8]. The prevalence of hyperglycemia is inversely correlated with 

birthweight and gestational age (GA) [2]. The short-term effects of hyperglycemia in VLBW 

infants are more frequently reported in the literature than long-term effects [4, 7, 9–11]. 

Long-term risks associated with hyperglycemia in VLBW infants are studied less, and 

therefore poorly characterized. Outcomes extrapolated from infants of diabetic mothers, a 

population exposed to hyperglycemia during a similar period of development, suggest that 

hyperglycemia may affect long-term metabolic and neurodevelopmental outcomes [12–15].

Hyperglycemia in the very preterm population is a biochemical disorder representing an 

imbalance between excess available glucose and decreased glucose utilization [16]. Dextrose 

infusion for enhanced nutrition, relative insulin resistance, defective islet β-cell function, and 

aberrant counter regulatory hormones are the most common etiologies of hyperglycemia in 

preterm infants [16, 17]. Hyperglycemia can be further induced or exacerbated in VLBW 

infants by common NICU morbidities such as sepsis [18]. Hyperglycemia causes increased 

fat deposition, reduced lean mass accretion, pancreatic β-cell toxicity, fatty infiltration of 

the heart and liver, and cardiac septal hypertrophy and RV dysfunction [16]. Hyperglycemia 

also impairs neuronal development with fewer dendrites and reduced synapse formation in 

animal models [16]. These physiologic complications of hyperglycemia provide biologic 

plausibility for the development of metabolic and neurodevelopmental complications 

following early hyperglycemia in the VLBW population.

The objective of this systematic analysis was to answer the following question: Is there 

enough evidence on long-term outcomes to guide clinical management of hyperglycemia in 

VLBW infants? We reviewed all relevant published studies that evaluated long-term growth, 

metabolic and neurodevelopmental outcomes after early hyperglycemia in VLBW infants. 

Following a review of the relevant articles, we assessed the quality of evidence to determine 

if there were associations between (1) hyperglycemia and long-term growth, metabolic, 

and neurodevelopment outcomes, (2) severity and duration of hyperglycemia and long-term 

outcomes, and (3) treatment and long-term outcomes.

Methods

The systematic review was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Supplement 1) [19]. A study 
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protocol was registered in PROSPERO (CRD42019123335) on https://www.crd.york.ac.uk/

prospero. The review questions were formatted in PICOTT format (Table 1) [20].

Search Strategy

The search strategy was built and tested using Ovid MEDLINE and included both MeSH 

terms and keywords (Supplement 2) and translated to four other databases: Embase, 

Cochrane Library, CINAHL, and Scopus. No search limits were applied with respect to 

publication date or language. Search results were de-duplicated using EndNote. Hand 

searching methods, including searching references lists of articles selected for inclusion, 

were also used to identify relevant materials that may have been missed by the database 

search. Only full text publications were included in the analysis. Authors of abstracts were 

contacted to determine if full text publications existed prior to manuscript submission.

Inclusion Criteria

Any study design was included. The population of interest was infants admitted to the 

NICU worldwide that were born at less than 32 weeks GA and/or were VLBW. Criteria 

for study inclusion were: (1) blood glucose concentrations (BG) of greater than 150 mg/dL 

(8.3 mmol/L) in the first 28 days after birth and (2) a gestational age less than 32 weeks 

or a birthweight less than 1500 grams. Titles and abstracts of reports from the above search 

strategy were assessed independently by two review authors using Rayyan to determine 

their eligibility for inclusion [21]. Disagreements were resolved by consensus. If consensus 

could not be reached, reports were referred to a third author for arbitration. Outcomes 

were growth (weight, height, and occipital-frontal head circumference [OFC]), metabolic 

health (body mass index, adiposity, glucose metabolism, diabetes, hypertension, fatty 

liver), and neurodevelopment (intelligence, processing speed, learning, attention, executive 

function, behavior, cerebral palsy, vision deficits, hearing deficits) following discharge from 

the NICU. Subgroup analyses were completed for varying definitions of hyperglycemia, 

duration of hyperglycemia, and insulin treatment.

Data Extraction and Analysis

Data were extracted independently by two authors using a customized form (Supplement 

3) including: study location, design, population, hyperglycemia definition, hyperglycemia 

assessment, hyperglycemia incidence, insulin exposure, episodes of insulin related 

hypoglycemia, comparator group, sample size, growth outcomes, metabolic outcomes, 

neurodevelopmental outcomes, sex-specific outcomes, longitudinal follow-up rates, and 

study confounders. Principal summary measures were differences in means and correlation 

coefficients. Quality assessment was independently assessed by two authors using the 

GRADE system [22]. Conflicts were resolved by consensus of all authors.

Results

Description of Selected Studies

Of the 6,348 records identified, 6,329 were excluded following title and abstract screening, 

and a further 11 were excluded following full-text review (Figure 1). A total of 8 studies 

involving 987 VLBW infants were included in the analysis [6, 7, 23–28]. The majority 
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of studies focused on the long-term metabolic and neurodevelopmental outcomes of early 

hyperglycemia versus no hyperglycemia [1, 6, 7, 23–25]. Two studies reported long-term 

metabolic and neurodevelopmental outcomes following early hyperglycemia intervention 

(tight versus standard glycemic control [26], insulin treatment [27]). A meta-analysis of 

outcomes was not performed given the small number of studies and the heterogeneity of 

long-term outcomes.

Normoglycemia vs. Hyperglycemia

The design and results of these studies are summarized in Table 2. Hyperglycemia was 

defined differently between studies using threshold values between 150 mg/dL (8.3 mmol/L) 

and 182 mg/dL (10.1 mmol/L) [7, 23–25, 27, 28]. Zamir et al. reported three tiers of BG 

thresholds: > 180 mg/dL (10.0 mmol/L), >216 mg/dL (12.0 mmol/L), and >252 mg/dL (14.0 

mmol/L)[28]. Three studies reported outcomes following varying duration (number of days) 

of hyperglycemia [23, 25, 28]. The incidence of hyperglycemia was 45-77% in studies using 

a BG threshold of 150 mg/dL (8.3 mmol/L) [23–25] and 8-17.5% in studies using a BG 

threshold of 180 mg/dL (10.0 mmol/L) [7, 27, 28].

Six studies compared long-term outcomes following early hyperglycemia. Growth was 

reported by weight, height, or OFC percentiles, z-scores, or velocity. Three studies reported 

associations between hyperglycemia in VLBW infants and long-term growth [7, 24, 25]. 

Metabolic outcomes studied were defined as body composition or blood pressure. Two 

studies evaluated body composition in VLBW infants with hyperglycemia [23, 25]. One 

study evaluated blood pressure in VLBW infants with hyperglycemia at 6.5 years [28]. 

Collectively, these outcomes were studied between 4 months corrected gestational age 

(CGA) and 6.5 years [7, 24, 25]. Four studies evaluated neurodevelopment between 4 

months CGA and 2 years of age [7, 23–25]. The location of the study, population, study 

design, comparator group, age the outcome measurement was assessed, and method of 

assessment of long-term outcome differed between studies.

Treatment of Hyperglycemia: Tight Glycemic Control

Alsweiler et al. (2012) performed a randomized controlled trial randomizing preterm infants 

to tight glycemic control with insulin (target BG 72-108 mg/dL, 4-6 mmol/L) or standard 

practice (restrictive insulin use, target BG 144-180 mg/dL, 8-10 mmol/L) for neonatal 

hyperglycemia [29]. Outcomes from this study showed that preterm infants treated with 

tight glycemic control (BG 72-108 mg/dL, 4-6 mmol/L) were exposed to more insulin, had 

similar carbohydrate intake, had improved weight gain without change in linear growth at 

36 weeks PMA, and a 3-fold increase in the incidence of hypoglycemia, compared with the 

standard practice group [29]. Tottman et al. (2018) studied growth, metabolic outcomes, and 

neurobehavior of this cohort at 7 years of age [26]. These results are summarized in Table 2.

Treatment of Hyperglycemia: Insulin Treatment

Insulin treatment was discussed in 7 of the 8 studies [6, 7, 23–27]. In 5 studies, use of 

insulin was at the discretion of the neonatologist [6, 7, 23–27]. Four studies, 3 of which 

were from the same center, provided general guidelines that the glucose infusion rate (GIR) 

was initially limited followed by insulin treatment if hyperglycemia persisted [6, 23–25]. 
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Five studies provided descriptive information and addressed complications related to, or 

outcomes associated with insulin treatment [7, 24–27].

The remaining 4 studies described insulin use in the hyperglycemia group [7, 24–26]. No 

study found associations between insulin use and growth, metabolic, or neurodevelopment 

outcomes [7, 24–26]. Van der lugt et al. reported the mean duration of insulin infusion as 

129 hours with a mean infusion rate of 0.06 U/kg/h [7]. Scheurer et al. reported increased 

use of insulin with longer duration of hyperglycemia [25]. VLBW infants with 1-5 days 

of hyperglycemia had a mean of 2.6 days of insulin treatment compared with infants with 

5 or more days of hyperglycemia who had a mean of 15.7 days of insulin treatment [25]. 

Ramel et al. reported both duration of insulin treatment and its association with outcome 

measurements [24]. The authors described a mean of 2.14 insulin days for treatment 

of hyperglycemia and reported no association between insulin treatment and growth or 

neurodevelopment outcomes [24]. Two of these studies reported 0.3 and 0.65 mean number 

of episodes of hypoglycemia but did not report associations between hypoglycemia and 

outcomes [7, 24].

Heald et al. [27] aimed to study the effects of insulin infusion for the treatment of 

early hyperglycemia in preterm infants on long-term neurodevelopmental outcome. Infants 

with hyperglycemia (BG>180 mg/dL, 10 mmol/L) met criteria for insulin treatment when 

treatment for hyperglycemia limited nutrition to 10% dextrose infusion and the infant had 

persistent glucosuria [27]. Of the infants who received insulin, the median blood glucose 

prior to insulin infusion was 223 mg/dL (12.4 mmol/L) [27]. The median length of insulin 

treatment was 41 hours. The authors reported 1.3% episodes of hypoglycemia with insulin 

treatment which occurred in 2 of 17 infants in the insulin treated group [27]. These 

researchers found no significant differences in infant growth failure, Bayley Scales of Infant 

Development (BSID-II) motor scores, incidence of cerebral palsy, need for walking aids, 

blindness, or hearing loss in VLBW infants with hyperglycemia with or without insulin 

treatment at 12 months CGA [27].

Quality of Evidence

The overall quality of evidence, using established GRADE criteria, is summarized in Table 

3 [22]. Overall, the quality of evidence to characterize associations between hyperglycemia 

and long-term outcomes was low. The quality of evidence demonstrating an association 

between duration of early hyperglycemia and long-term outcomes was moderate. The 

quality of evidence that a BG threshold of 150 mg/dL (8.3 mmol/L), a surrogate definition 

for severity of hyperglycemia, in VLBW infants is associated with worse long-term 

outcomes was moderate. Lastly, the quality of evidence reporting both complications and 

effects of insulin treatment for early hyperglycemia on long-term outcomes of VLBW 

infants was low.

Evidence reported as very low- or low-grade quality were limited by the number of 

studies reporting an outcome or reported conflicting results. Collectively, studies were 

underpowered across growth, metabolic, and neurodevelopment outcomes to interpret 

findings confidently. All studies showed a risk of bias limiting the quality of evidence. Some 

studies did not adjust for confounders. All studies adjusting for confounders did not assess 
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the same confounders. Additionally, there was variation in blood glucose threshold to define 

hyperglycemia among the studies as well as variation in the treatment of hyperglycemia 

both within and between studies. There was an overlap between studies from the same 

centers, potentially limiting generalizability of the results. Lastly, studies did not account for 

sex-specific outcomes. There was one follow up study from a randomized control trial that 

initially was considered high-quality due to its randomized study design; however, this study 

received a lower quality grade given its small sample size and lack of a normoglycemia 

comparator group [26].

Discussion

Best management practices for hyperglycemia in the VLBW preterm infant remain unknown 

despite its common occurrence in this population. Our findings report the results of a 

systematic search for all relevant studies on long-term growth, metabolic health, and 

neurodevelopmental outcomes after early neonatal hyperglycemia in the VLBW preterm 

infant. The primary objective of this study was to determine if there was enough evidence 

to guide clinical management of early hyperglycemia in preterm infants. A meta-analysis, 

which would have guided interpretation of the existing findings, was not conducted because 

of the clinical and methodologic heterogeneity in a small number of published studies. 

Additionally, the quality of evidence presented in the collective studies is low. Therefore, 

currently, there is not enough high-quality evidence of long-term outcomes to guide clinical 

management of early hyperglycemia in the preterm infant.

We critically evaluated the quality of evidence to determine if: (1) hyperglycemia affects 

growth, metabolic health, and neurodevelopmental outcomes following NICU discharge 

of VLBW preterm infants; (2) the severity and duration of hyperglycemia affects long

term outcomes in VLBW preterm infants after hyperglycemia; and (3) treatment of 

hyperglycemia attenuated adverse long-term outcomes. The results are conflicting. Some 

studies found differences in long-term outcomes between VLBW preterm infants with 

hyperglycemia and without hyperglycemia, while other studies found no differences 

between groups.

Studies were heterogeneous and underpowered to adequately determine differences between 

groups. There appears to be a trend among the studies that the severity and duration 

of hyperglycemia is associated with worse metabolic or neurodevelopmental outcomes. 

However, without adequately powered studies aimed at investigating this trend, clinicians 

are left with a hypothesis rather than relevant conclusions to inform clinical decision 

making. Treatment of hyperglycemia with insulin was not associated with a change in long

term outcomes. The threshold for treatment, the infant’s nutritional status, and protocols for 

insulin use varied among the studies or were not reported, thus confounding interpretation 

to guide evidence-based practices. In addition to standardized experimental designs 

with consistent variables, we recommend the following considerations in hyperglycemia 

assessment, outcome analysis, and treatment in future research.
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Hyperglycemia Assessment

The assessment of hyperglycemia was not standardized within or between institutions. In 

future study development we recommend standardized hyperglycemia screening, evaluation, 

and definition. First, infants who are sicker or diagnosed to have glucose disturbances 

generally have more frequent glucose measurements than clinically stable infants with 

euglycemia. The differences in frequency of glucose evaluation may confound long-term 

outcomes therefore frequency should be determined a priori. Second, details of how 

blood glucose concentration is measured should be reported in each study. Blood glucose 

values can vary as much as 20% depending on the specimen (i.e., whole blood vs 

plasma) and assessment method thereby confounding potential conclusions regarding early 

hyperglycemia and long-term outcome associations [30]. Third, we recommend a unified 

definition of hyperglycemia. There was moderate quality of evidence to suggest that a 

BG of greater than 150 mg/dL (>8.3 mmol/L) was associated with long-term adverse 

metabolic and neurodevelopmental outcomes and there was no difference in outcomes 

whether hyperglycemia was defined as 150 mg/dL (8.3 mmol/L) or 180 mg/dL (10.0 

mmol/L). Therefore, our recommendation is to use a blood glucose threshold of 150 mg/dL 

(8.3 mmol/L).

Outcome Analysis

The impact of preterm birth, postnatal growth velocity, exposure to over/under nutrition, 

insulin treatment, and sex are potential drivers of developmental programming of metabolic 

disease and neurodevelopmental impairment in adulthood. For example, male preterm 

infants are at a higher risk for mortality and morbidity compared with female infants 

[31]. Increased attention to metabolic and neurodevelopment outcomes, both of which are 

especially susceptible to hyperglycemia-mediated programming in adults born preterm, and 

sex differences within outcomes will inform current treatment practices.

The most common metabolic outcome in individuals born preterm is higher blood pressure 

[32]. Prematurity also increases the risk of short stature [33], insulin resistance and 

diabetes [34, 35], increased visceral fat mass [36], and cardiac hypertrophy [37]. Adult 

dyslipidemia, coronary artery, and cerebrovascular diseases in infants born preterm have 

shown mixed findings across studies [32]. Pre-clinical studies evaluating hyperglycemia 

induced programming of adult metabolic disease provide support that early metabolic stress 

permanently alters tissue and organ function and predisposes to metabolic disease [38, 39]. 

Important metabolic outcomes should include linear growth/height, body composition (% fat 

mass, fat-free mass), fasting glucose, and blood pressure.

Preterm birth increases the risk for psychiatric disorders, social-emotional challenges, and 

cognitive impairments [32]. Research reveals a multifactorial psychopathology for these 

associations [32]. Impaired postnatal growth is associated with delayed brain development 

and diminished cortical connections with persistent structural and functional changes on 

neuroimaging in adulthood [40, 41]. Additionally, both clinical and pre-clinical studies 

have shown that hyperglycemia alters brain structure and is associated with worse 

neurodevelopmental outcomes [42, 43]. Key neurodevelopmental outcomes should focus 
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on determinants of disability, including motor, vision, cognitive, and social-emotional 

assessments.

None of the studies in this analysis reported sex-specific outcomes. All but one study 

reported no significant differences in males in the control and hyperglycemia groups [6, 

7, 23–26, 28]. The Fenton growth chart accounts for sex differences in growth of preterm 

infants [44]. Variation in growth rates of males and females may suggest that nutritional 

requirements, and therefore the incidence of hyperglycemia, may be sex-specific. Research 

on sex-specific nutritional guidelines is sparse in preterm infants [45]. Studies have shown 

that early nutritional interventions have a pronounced neurodevelopmental benefit in preterm 

males compared to female infants [46, 47]. Additionally one study has shown that female 

preterm infants have higher insulin secretion at similar BG concentrations than male preterm 

infants [48]. Collectively, these studies suggest that incidence of early hyperglycemia and 

the effect of its treatment on long-term outcomes differ between male and female infants. 

Such sex-specific results should be reported in future studies.

Treatment of Hyperglycemia

There are variations in management practices of hyperglycemia. The most widely practiced 

treatment strategy is a reduction in GIR. Although this practice is effective in achieving 

euglycemia [49] it can lead to lower energy intake early in the NICU course, which is 

associated with worse metabolic and neurodevelopmental outcomes [6, 17, 24, 26, 50, 51]. 

Insulin administration is also frequently used for treating hyperglycemia and is effective 

in lowering blood glucose. Insulin treatment, in contrast to GIR reduction, also promotes 

weight gain in VLBW infants [49]. The use of insulin in the treatment of hyperglycemia in 

VLBW infants is controversial because of its potential to cause hypoglycemia and impact on 

long-term metabolic outcomes. To date there have been no randomized controlled trials that 

have investigated long-term growth, metabolic, or neurodevelopment outcomes in preterm 

infants with early hyperglycemia treated with or without insulin.

There were only two studies aimed at investigating the effect of intervention for early 

hyperglycemia (tight glycemic control and insulin treatment) on long-term metabolic 

and neurodevelopmental outcomes in preterm infants [26, 27]. Tottman et al. (2018) 

longitudinally followed a cohort of previously randomized preterm infants to tight 

versus standard glycemic control [26]. The study included all surviving infants from the 

Hyperglycemia in Neonates Trial which was powered to detect difference in outcome (linear 

growth rate) between infants randomized to standard or tight glycemic control at 36 weeks 

PMA rather than 7-year outcomes [26, 29]. We estimate a sample size of 775 is necessary 

to detect a difference of 10% effect size between groups in neurodevelopmental impairment 

at 80% power and an alpha level of 0.05. An example of this potential limitation is that the 

adjusted odds ratio (OR) for mean full-scale IQ less than 85 was 0.75 (0.25-2.21 95% CI) 

and for motor impairment 0.74 (0.25-2.20 95% CI) if treated with tight glycemic control 

[26]. These findings were not statistically significant but may be clinically significant if 

adequately powered to detect differences between groups.

Heald et al. (2012) retrospectively studied treatment-associated hypoglycemia and 

neurodevelopmental outcomes at 12 months PMA in preterm infants with hyperglycemia 
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treated with insulin. This study has several factors limiting its generalizability. First, the 

study is retrospective. Second, the study is limited by unequal and small sample sizes (n=64 

no treatment, n=9 insulin treatment) and not powered to detect differences in outcomes 

between the groups. For example, there was > 10% difference in the number of infants with 

weight and height < 10th percentile in no treatment and insulin treatment groups. These 

differences were not significant potentially due to the small sample size. Third, infants who 

received insulin were of lower birthweight and gestational age.

All studies reporting insulin use in the treatment of hyperglycemia did not show associations 

between insulin treatment and long-term growth, metabolic, or neurodevelopmental 

outcomes [6, 7, 23, 24, 27]. Given that less mature and more critically ill infants are more 

likely to have hyperglycemia, and thus more likely to be treated with insulin, the collective 

finding showing no difference in long-term outcomes between infants treated or not treated 

with insulin may suggest a protective effect of insulin treatment on long-term metabolic and 

neurodevelopmental outcomes. None of these studies, however, were adequately powered 

to provide clinical direction regarding insulin treatment in early hyperglycemia for preterm 

infants.

An established concern of insulin treatment is its association with hypoglycemia in the 

VLBW population, which has previously been reported to occur more than 25% of the 

time [49]. The results from the studies in this analysis, however, would suggest this is 

an overestimation of hypoglycemia episodes associated with insulin treatment [7, 24, 27]. 

None of the studies in this analysis included insulin-associated hypoglycemia as a mediator 

of long-term outcomes. Improved reporting of insulin-associated hypoglycemia, as well 

as including hypoglycemia episodes as a confounder in analyses, are necessary, given 

the evidence that persistent hypoglycemia is associated with adverse neurodevelopmental 

outcomes [52].

Caloric deficit, a potential result of decreased GIR as treatment of hyperglycemia, was 

associated with long-term growth, metabolic, and neurodevelopmental compromise [1, 

23–25]. Most recently, Gonzalez Villamizar et al., assessed the potential influence of 

limiting early nutrition as a treatment of hyperglycemia in VLBW infants [23]. This 

group reported lower BSID-III cognition, language, and motor scores in VLBW infants 

exposed to hyperglycemia (BG>150 mg/dL, 8.3 mmol/L). However, when the analysis 

model was adjusted for average first-week kilocalorie and protein deficits, the association 

between hyperglycemia and BSID-III language and cognitive scores resolved [23]. This 

study emphasizes the importance of providing optimal early nutrition even in the setting 

of hyperglycemia. Future studies that are powered to evaluate different treatment strategies 

(i.e., reduction in GIR and/or insulin treatment) are needed to inform best practice in the 

treatment of hyperglycemia.

Conclusions

Current evidence of long-term health outcomes following early hyperglycemia in VLBW 

infants does not provide high-quality recommendations to guide assessment and treatment 

of early hyperglycemia. There is a critical need, as well as clinical equipoise, for well
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designed, large randomized controlled trials and prospective studies that address the 

following questions: (1) Who is at risk for long-term metabolic and neurodevelopmental 

compromise after hyperglycemia? (2) What BG threshold and duration predisposes VLBW 

infants to worse metabolic and neurodevelopmental outcomes? and (3) Which interventions 

decrease the risk of long-term metabolic and neurodevelopmental compromise after 

hyperglycemia in VLBW infants? Prospective studies using standardized approaches to early 

nutrition, evaluation and treatment of hyperglycemia, and outcome assessment will improve 

the quality of evidence to inform clinical practice for management of hyperglycemia. We 

propose, and have included, an example of such a study (Table 4). We invite content experts 

and clinicians worldwide to collaborate on such studies and a prospective meta-analysis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of study identification and selection
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Table 1.

Population-Exposure-Comparison-Outcome-Time Summary Statement

Study population Very low birth weight (VLBW) infants (<32 weeks or <1500 grams)

Exposure Hyperglycemia ± insulin treatment

Comparison Normoglycemic/Standard glycemic control/Non-insulin treatment

Outcomes Growth, metabolic, and neurodevelopmental outcomes

Time Studies published through August 30, 2020

Setting Worldwide

Study design Any study design with longitudinal data and at least 1 post-NICU follow-up
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Table 3.

GRADE summary of quality of evidence for effect of neonatal hyperglycemia on long-term outcomes

Outcome
Agreement 

between 
studies

Findings Participants 
(Studies) Risk of bias

Certainty/
Quality of 
evidence

Growth

Overall impairment No Conflicting results from studies 
reporting weight, height, OFC outcomes 356 (5)7,24–27

High
a,b,c,d,e Low

Weight No Decrease or no change in weight 356 (5)7,24–27
High

a,b,c,d,e Low

Length/height No
Decrease or no change in length/height; 
tight glycemia control associated with 
decreased growth velocity and height

356 (5)7,24–27
High

a,b,c,d,e Low

Head circumference No Decrease or no change in OFC 356 (5)7,24–27
High

a,b,c,d,e Low

Metabolic

Overall impairment No

Studies that compared hyperglycemia 
and normoglycemia groups reported 
metabolic differences; no differences 
reported between tight and standard 
glycemia groups

375 (4)23,25–26,28
High

a,b,c,d,e Low

Body composition Yes Decrease in fat-free mass 204 (3)23,25–26
High

a,b,c,d,e Moderate

Blood pressure No
Increase in blood pressure; there was no 
difference between tight and standard 
glycemia groups

228 (2)26,28
High

a,b,c,d,e Low

Glucose metabolism N/A No effect reported between tight and 
standard glycemia groups 57 (1)26

High
a,b,c,d,e,f Low

Neurodevelopment

Overall impairment No

Studies that compared hyperglycemia 
and normoglycemia groups reported 
conflicting results; no differences 
reported between tight and standard 
glycemia groups

763 
(6)6–7,23–24,26–27 High

a,b,c,d,e,f Low

Cognitive impairment No Increase, decrease, or no change in 
BSID cognitive scores 594 (4)6,23–24,27

High
a,b,c,d,e,f Low

Language impairment No Decrease or no change in BSID 
language scores 594 (4)6,23–24,27

High
a,b,c,d,e Low

Motor impairment No
Decrease or no change in BSID motor 
scores; there was no difference between 
tight and standard glycemia groups

763 (6) 
6–7,23–24,26–27 High

a,b,c,d,e,f Low

Blindness Yes
No blindness associated with 
hyperglycemia; no differences between 
tight and standard glycemia treatment

490 (3)6,26,–27
High

a,b,d,e Moderate

Deafness Yes
No deafness associated with 
hyperglycemia; no differences between 
tight and standard glycemia treatment

490 (3)6,26–27
High

a,b,c,d,e Moderate

Cerebral palsy Yes
No CP associated with hyperglycemia; 
no differences between tight and 
standard glycemia treatment

130 (2)7,26
High

a,b,d,e,f Low

Intelligence quotient N/A No effect reported between tight and 
standard glycemia groups 57 (1)26

High
a,b,d,e Low

Visual-motor 
impairment N/A No effect reported between tight and 

standard glycemia groups 57 (1)26
High

a,b,d,e Low
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Outcome
Agreement 

between 
studies

Findings Participants 
(Studies) Risk of bias

Certainty/
Quality of 
evidence

Behavior No
Abnormal behavior reported by parents/
teachers; no effect reported between 
tight and standard glycemia groups

153 (2)7,26
High

a,b,d,e,f Very low

Executive function N/A No effect reported between tight and 
standard glycemia groups 57 (1)26

High
a,b,d,e Low

Insulin Treatment

Hypoglycemia Yes
Reported hypoglycemia; no reports 
of comparator group episodes of 
hypoglycemia

269 (3)7,24,27
High

a,b,c,e Low

Association with 
outcomes Yes

No association reported 
between growth, metabolic, or 
neurodevelopment outcomes

359 (5)7,24–27
High

a,b,c,d,e Low

Glucose Threshold

>150 mg/dL Yes

Outcomes varied; associations found 
with growth, metabolic, and 
neurodevelopment outcomes; no 
difference in outcomes between tight 
and standard glycemic control

747 (5)6,23–26
High

a,b,c,e Moderate

>180 mg/dL Yes

Outcomes varied; associations found 
with growth, metabolic, and 
neurodevelopment outcomes; no 
difference in outcomes between tight 
and standard glycemic control

364 (4)6–7,27–28
High

a,b,c,e Moderate

>220 mg/dL N/A Associated with higher diastolic and 
systolic blood pressure 171 (1)28

High
a,b,c,e Low

Duration of 
hyperglycemia Yes

Longer duration of hyperglycemia is 
associated with worse metabolic and 
neurodevelopment outcomes

387 (4)6,23,25,28
High

a,b,c,e Moderate

The Risk of Bias in Non-randomized Studies (ROBINS-I)

a.
Confounding

b.
Selection of participants

c.
Classification of interventions

d.
Deviations from intended interventions

e.
Missing data

f.
Measurement of outcomes

g.
Section of the reported result
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Table 4.

Proposed study design: Long-term metabolic and neurodevelopmental outcomes following early 

hyperglycemia treatment in preterm infants receiving standardized nutrition

Study population Very low birth weight (VLBW) infants (<32 weeks or <1500 grams)

Study design Multi-center prospective international cohort and randomized control trial

Study groups (1) Normoglycemia (2) Hyperglycemia

Treatment Randomization Reduction of GIR to basal metabolic caloric needs followed by insulin versus no nutritional modification with 
insulin

Hyperglycemia Blood glucose over 150 mg/dL (>8.3 mmol/L) ≥4 hours during the first two weeks of life

Treatment threshold Blood glucose over 180 mg/dL (>10 mmol/L) ≥4 hours during the first two weeks of life

Assessment (glucose) Continuous glucose monitoring

Nutrition Standardized parenteral and enteral nutrition and vitamin supplementation during the first 2 weeks of life

Estimated sample size
N=750 (normoglycemia=250, hyperglycemia=500; 250 randomized to GIR reduction with or without insulin, 250 
randomized to insulin) calculated by assumption of a 65% follow-up rate to detect a 15% difference in primary 
outcome between groups at 80% power at an alpha level of 0.05.

Assessment (time) 12-months PMA, 24-months PMA, 5-years of age, 15-years of age

Primary outcome Survival without significant metabolic or neurodevelopmental impairment at 5-years of age*.

Secondary outcomes Individual components of primary outcome, anthropometrics, BSID-III, need for glasses, body composition, 
glucose metabolism, quality of life measurements

Modifying variables Insulin treatment, sex, duration/severity of hyperglycemia

Confounding variables Maternal characteristics, demographic characteristics, infant characteristics, morbidities associated with preterm 
birth, food consumption, social determinants of health, hypoglycemia

*
Any of the following: BMI≥85 percentile, fasting glucose≥100 mg/dL, HbA1c≥5.7%, sBP or dBP>95 percentile, cerebral palsy, Movement 

Assessment Battery for Children-2 (MABC-2) total score ≤ 5th percentile, hearing impairment requiring hearing aids, visual acuity of 6/60, full 
scale IQ standard score > 1 standard deviation below the mean, visual acuity of 6/60 or worse in best eye, ADHD/Mental health diagnosis requiring 
behavior/psychological therapy, early intervention, or medication.
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