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Abstract

Background: Continuous glucose monitoring (CGM) has the potential to be a valuable tool for measuring glucose concentrations in
preterm neonates, but its actual effect on infants is still unclear. Therefore, we conducted a meta-analysis to evaluate the clinical effect
of CGM on blood glucose levels in preterm infants requiring intensive care. Methods: We searched PubMed, Embase, CINAHL, Web
of Science, Cochrane Library, and Cochrane Database of Systematic Reviews for randomized controlled trials (RCTs) comparing CGM
with other interventions, and identified five studies that met our eligibility criteria. The quality of the included studies was assessed using
Cochrane’s Collaboration tool. Results: Ourmeta-analysis demonstrated that CGM,when combinedwith a protocol for adjusting glucose
infusion, was associated with a decrease in the average duration of hypoglycemia, a greater percentage of time spent in the euglycemic
range, and reduced time spent in mild and severe hypoglycemia compared with other interventions and controls. Conclusions: Our
findings suggest that CGM, with a protocol for adjusting glucose infusion, increases the time spent in the euglycemic range, and reduces
the duration of hypoglycemia in preterm infants during the first week of life.
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1. Introduction
Premature neonates are predisposed to glucose con-

trol challenges, particularly within the initial weeks of
life. They manifest a proclivity for hypoglycemic episodes,
alongside the emergence of hyperglycemia attributed to in-
sulin resistance [1,2]. In newborns, poor glucose man-
agement is linked to poor neurodevelopmental outcomes,
chronic brain damage, retinopathy, sepsis, intraventricular
hemorrhage, and mortality [3–6].

As with hyperglycemia, hypoglycemia, and glycemic
instability, premature babies had higher risk of death and
morbidity in a period after birth [7–9]. Hyperglycemia can
induce osmotic diuresis and metabolic acidosis, and it has
been associated with an increased susceptibility to intraven-
tricular hemorrhage, patent ductus arteriosus, retinopathy
of prematurity, necrotizing enterocolitis, and white matter
loss [10–12]. Attempts to limit hyperglycemia hazards can
raise the risk of hypoglycemia, which has been linked to
poor developmental outcomes [13,14].

However, achieving normoglycemia in premature in-
fants proves challenging due to the diverse interplay of in-
sulin resistance, insulin insufficiency, and inadequate en-
ergy reserves on neonates [13]. In addition, investigations
utilizing masked subcutaneous continuous glucose moni-
toring (CGM) have revealed protracted periods of both hy-
perglycemia and hypoglycemia that were clinically silent
but were linked to poor developmental outcomes in chil-
dren [15].

Therefore, enhancing early glucose management
might be a significant modifiable risk factor for preterm
baby outcomes. Real-time CGM, which measures CGM
and detects early patterns in glucose concentrations, has
been effectively employed in adult and pediatric critical
care settings to support clinical choices. The aim of this
paper is to review the actual clinical benefits on continu-
ous, real-time, glucose monitoring in preterm infants, and
the lack of up-to-date evidence.

2. Methods
2.1 Types of Studies, Participants, and Interventions

The study included randomized controlled trials
(RCTs) and survey studies comparing glycemic variability,
blood glucose levels and data of related blood glucose. Par-
ticipants who received CGM and combined with a protocol
for adjusting glucose infusion were classified as interven-
tion group. Also, participants who received other interven-
tion were classified as control group.

2.2 Continuous Glucose Monitoring
The electric signal is transmitted via radio frequency

to an external monitor, which aggregates the signal at five-
minute intervals and converts it into glucose levels, gen-
erating a dataset of 288 interstitial glucose concentration
points per day. The guidelines outlined advised imple-
menting insulin or additional dextrose support. In scenarios
where capillary blood glucose levels ranged between 50 and
60 mg/dL, the intravenous glucose supply was augmented
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by 1 g/kg/day, and the subsequent glucose level was as-
sessed after a 2-hour interval. Instances of hypoglycemia
(≤50 mg/dL) were addressed through an intravenous bo-
lus of 10% dextrose (3 mL/kg), followed by an elevation in
continuous glucose supply (+2 g/kg/day), with subsequent
monitoringwithin 30 to 60minutes. Hypoglycemia was op-
erationally defined as the percentage of time, during which
glucose concentrations remained below 2.6 mmol/L, while
euglycemia was defined as the percentage of timewhen glu-
cose concentrations weremaintained within the range of 2.6
to 10.0 mmol/L.

2.3 Types of Outcome Measures
The primary outcome measure was the time spent in

euglycemic range, presented as percentage (the time spent
in euglycemic range/total time).

The second outcomes were incidence of hypo-
glycemia and average duration of the hypoglycemia, inci-
dences of hypoglycemia are presented by times per day,
and average duration of the hypoglycemia are presented by
minute.

2.4 Search Methods
The databases MEDLINE/PubMed, Cochrane Li-

brary/Embase, CINAHL, Scopus, Web of Science, and Pro-
Quest were searched for relevant studies published from
their inception dates up until 30 October 2021, using vari-
ous key terms, such as CGM, neonatology, critical care, and
hypoglycemia. Additional papers were found by manually
checking reference lists from included trials, (systematic)
reviews, meta-analyses, and health technology evaluation
reports. Only items that were published in English were
considered.

2.5 Selection of Studies
Two authors (WL & YH) independently read the ti-

tles or abstracts of every record obtained to find research
that needed to be evaluated further. All possibly relevant
articles were read in their entirety. In situations where only
abstracts were accessible, we attempted to locate the trials’
final publication. Studies that did not result in a final pub-
lication of the findings were evaluated independently. We
sought to optimize the quantity of information by evaluat-
ing all accessible data at the same time in situations where
multiple publications and reports accompanied primary re-
search.

The inclusion criteria were: (1) RCTs or survey stud-
ies; (2) preterm infants with gestational age at birth <37
weeks; (3) the diagnostic performance of CGM devices to
intermittent blood glucose testing by other devices. When-
ever data was not available, we contacted directly the au-
thors of these studies and requested them to supply the data.

The exclusion criteria were that studies were elimi-
nated if accuracy estimates could not be extracted either
directly from the paper or from information given by the
authors.

The study selection was carried out separately by two
authors (WL and YH). Any disagreements were settled via
consensus. Fig. 1 shows the modified PRISMA flow chart
for research selection [16]. The study was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO; ID: CRD42021286541).

Fig. 1. Literature search and study selection process.

2.6 Data Extraction
Three authors (WL, YH, and YC) independently ex-

tracted the relevant population and intervention character-
istics from studies that met the inclusion criteria using stan-
dard data extraction templates. The original authors of the
paper were contacted for any missing essential information.
The extracted data are shown in Table 1 (Ref. [17–21]).

2.7 Study Quality Assessment
Two authors (WL and YH) independently assessed the

risk of bias for each study by the Quality Assessment of
Diagnostic Accuracy Studies-2 tool. For each outcome, the
Grading of Recommendations Assessment, Development,
and Evaluation process was used to determine the overall
level of certainty of the evidence.

2.8 Statistical Analysis
We used random-effects model to estimate effect size

between intervention group participants and control group
participants. Significant was defined as a p-value of less
than 0.05. We used SPSS 22.0 (SPSS, Chicago, IL, USA)
to execute statistical analysis.

We imputed standard deviation (SD) from other stud-
ies if the SD is missing [22]. A meta-analysis was carried
out in order to compute a weighted average of the overall
mean differences from the various studies included in the
model. To compare the different in outcomes of interest in
response to CGM and other intervention, a forest plot was
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Table 1. Characteristics of studies included in the systematic review and meta-analysis.

Study Sample size Gestational week (week) Birthweight (g) Maternal diabetes
Age of study
participants

Threshold for
hypoglycemia

Threshold for
hyperglycemia

Other intervention

Beardsall, 2021 [17]
IG: 70

<26 or ≥26
IG: 910 (160)

√ (n = 13) <24 h <2.6 mmol/L >15 mmol/L standard care
CG: 85 CG: 880 (180)

Thomson, 2019 [18]
IG: 10

26.14 (1.9)
IG: 901 (144)

- <48 h <2.6 mmol/L >10 mmol/L standard care
CG: 10 CG: 823 (282)

Beardsall, 2020 [19]
IG: 10

27.0 (2.4)
IG: 962 (142)

- <48 h <2.6 mmol/L >10 mmol/L a paper algorithm
CG: 10 CG: 823 (282)

Galderisi, 2017 [20]
IG: 25 IG: 30 (29–31) IG: 1170 (1100–1595)

√ (n = 5) <24 h <72 mg/dL >144 mg/dL without CGM
CG: 25 CG: 30 (28–31) CG: 1300 (1100–1760)

Uettwiller, 2015 [21]
IG: 22 IG: 29.6 (24.1–34.7) IG: 1014 (579–1485)

√ (n = 2) <24 h ≤50 mg/dL - intermittent capillary glucose testing
CG: 21 CG: 30.1 (24.4–37) CG: 1000 (620–1485)

IG, intervention group; CG, control group; CGM, continuous glucose monitoring.
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used. We used Revman 5.3 (The Nordic Cochrane Centre,
Copenhagen, Denmark) for building meta-analysis and for-
est plots.

3. Results
3.1 Results of the Search

The literature searches run in October 2021 identified
49 references. Two authors (WL and YH) assessed 24 full-
text articles for eligibility. 18 of these studies were excluded
because they did not meet the eligibility criteria.

3.2 Included Studies
Five RCTs recruiting 293 preterm infants met the in-

clusion criteria [17–21]. We have listed the details of these
trials in the characteristics of included studies section (Ta-
ble 1). Three studies compared the use of CGM to stan-
dard care to measure glucose blood levels [17,18,21]. In
one study, the use of CGM associated with prespecified in-
terventions to correct hypoglycemia or hyperglycemia, was
compared to CGM without such prespecified interventions
[19]. Also, one study used intermittent modalities to mea-
sure glucose blood levels [20], and one study used intermit-
tent capillary glucose testing to complete measure [21].

Beardsall et al., 2021 [17] included 155 preterm in-
fants who within 24 h of birth, had a birthweight of 1200 g
or less, and had a gestational age of up to 33 weeks plus 6
days. Compared with infants in the standard care group,
CGM group had more proportion of time in euglycemic
range than that of the standard care group. There were
no serious adverse events related to the use of the device
or episodes of infection. The real-time CGM system uti-
lized in the study comprised an EnliteTM sensor along with
a GuardianTM 2 Link transmitter (Medtronic, Northridge,
CA, USA), which established connectivity with a 640G
monitor (MiniMed 640GTM, Medtronic, Northridge, CA,
USA). This integrated system was exclusively employed
for the purpose of monitoring glucose concentrations.

Thomson et al., 2019 [18] included 20 preterm infants
within 48 hours from birth. In the study, real-time CGM
combined with a paper guideline to target glucose control
was compared with standard neonatal care (masked CGM).
Percent time in target range was greater with CGM than
point-of-care (POC) blood glucose. The use of CGM was
perceived as sufficient utility in preterm infants. Real-time
CGM was performed using the Paradigm® Veo.

Beardsall et al., 2020 [19] included 20 preterm in-
fants with a birth weight <1200 g within 48 hours from
birth. Infants received different CGM for the first week,
and intervention group received closed-loop insulin deliv-
ery. The intervention group had more proportion of time
in euglycemic range than that of control group. Real-time
CGM was used in this study.

Galderisi et al., 2017 [20] included 50 preterm in-
fants with≤32weeks’ gestation or with birth weight≤1500
g. The study included the unblinded CGM group and the

blinded CGM group. The unblinded CGM group had more
proportion of time in euglycemic range than that of the
blinded CGMgroup. G4® PlatinumCGM systemwas used
in this study, and calibrations were performed by using cap-
illary blood glucose values measured by using an Accu-
Chek® Inform II glucometer (Roche Diabetes Care, Indi-
anapolis, IN, USA).

Uettwiller et al., 2015 [21] included 43 preterm infants
with≤32weeks’ gestation. The participants received CGM
or intermittent capillary glucose testing to ensure blood glu-
cose levels. CGM was started between 6 and 27 hours of
life, with a median duration of recording of 71.8 hours.
Glucose level was monitored with real-time CGM (CGM-
group, Minimed Guardian® RT, Medtronic®, Northridge,
CA, USA).

Fig. 2. Risk of bias summary.

3.3 Risk of Bias in Included Studies
The collective study quality is visually represented in

Fig. 2 (Ref. [17–21]). Notably, the general quality of the
studies was found to be somewhat constrained. The encom-
passed investigations demonstrated an absence of high risk
of bias across the assessed domains of the Cochrane “Risk
of Bias” tool, except notably for blinding of participants and
personnel. Amajority of the studies exhibited a low suscep-
tibility to selection bias and reporting bias.

4

https://www.imrpress.com


Fig. 3. Forest plots of proportion of time in euglycemic range of CGM and other intervention in preterm infants. SD, standard
deviation; 95% CI, 95% confidence interval; CGM, continuous glucose monitoring.

Fig. 4. Forest plots of incidence of hypoglycemia in preterm infants (times per day).

3.4 Primary Outcomes
The Time Spent in Euglycemic Range

Five studies [17–21] reported this outcome. Based
on subgroup analysis of percentage of time spent, whether
the mother had diabetes or not, the preterm infants who re-
ceived CGM had more proportion of time in euglycemic
range than that of other intervention in the first week of
life. This included diabetic mothers (percentage mean of
time spent: 24.2%, 95% confidence interval (95% CI) 15.7
to 32.7, n = 269, p< 0.001, I2 = 73%), and no included dia-
betic mothers (percentage mean of time spent: 32.1%, 95%
CI 5.7 to 58.6, n = 40, p = 0.02, I2 = 83%). However, the
control of CGM is unstable, and the proportions of time in
euglycemic range were significantly different in different
studies (Fig. 3, Ref. [17–21]).

3.5 Secondary Outcomes
3.5.1 Incidence of Hypoglycemia

Two studies [17,19] reported on incidence of hypo-
glycemia, and no difference was observed in its incidence,
when comparing CGM and other interventions (χ2 = 0.06,
p = 0.86, I2 = 0%) (Fig. 4, Ref. [17,19]).

3.5.2 Average Duration of the Hypoglycemia

Four studies assessed the different effect between
CGM and other intervention on average duration of the hy-
poglycemia [17–20]. Compared with other interventions,
the participants with CGM had shorter duration of hypo-
glycemia during the study period, and the duration of the
hypoglycemia between two interventions was significantly
different (mean duration 90.7 min, 95% CI –204.2 to –
122.8, n = 245, p< 0.001, I2 = 84%) (Fig. 5, Ref. [17–20]).

4. Discussion
4.1 Summary of Main Findings

From the rigorous evaluation of this systematic review
and meta-analysis, it becomes evident that CGM exhibits
a substantial efficacy in maintaining euglycemic range in
preterm infants, thus contributing effectively to a reduction
in the duration of hypoglycemia. However, our research
found no discernible impact of CGM on the incidence of
hypoglycemia. These findings convey the safety and ne-
cessity of CGM implementation for patients at high risk of
hypoglycemia.

Our data, in concurrence with the emerging body of
literature, reinforces the potential of CGM in mitigating
the duration of hypoglycemia. The overall quality of the
evaluated material was moderate, with minor uncertain-
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Fig. 5. Forest plots of average duration of the hypoglycemia in preterm infants (min).

ties regarding application. Our meta-analysis revealed that
CGM can proficiently stabilize the blood sugar levels in
premature infants, thus increasing the proportion of time in
the euglycemic range when the preterm infants were hypo-
glycemia. However, the applicability of CGM in providing
similar glycemic control in newborns with various condi-
tions remains unknown. Furthermore, the uncertainty sur-
rounding the risk of hypoglycemia can be attributed to the
utilization of various CGM devices. Real-time CGM offers
insights into dynamic blood glucose fluctuations, whereas
retrospective CGM holds the potential for more accurate
blood glucose monitoring. In the various RCTs incorpo-
rated into our meta-analysis, CGM demonstrated superior
glycemic control in preterm infants compared to intermit-
tent capillary blood glucose testing and standard care, yet
the proportion of time spent in the euglycemic range var-
ied significantly among preterm infants with different con-
ditions. Our results also indicate a reduced duration of
severe hypoglycemia with CGM usage. The efficacy of
CGM in controlling various levels of hyperglycemia and
hypoglycemia warrants further investigation. Two stud-
ies [17,20] reported similar results, benefits, and poten-
tial risks of CGM usage in preterm newborns. The effi-
cacy of CGM in controlling is currently under review in a
Cochrane systematic review, albeit without considering di-
agnostic glycemic control effects [23].

Significant therapeutic effect is warranted on main-
taining a normal blood sugar range in premature infants
when the patient is in hypoglycemia. Anthropometric im-
provements affirm the original motivation for the develop-
ment of diagnosis and treatment strategies for premature in-
fants. Furthermore, we delineate the demographics of pa-
tients who may benefit from glycemic control. Given the
significant data supporting improved hypoglycemia treat-
ment outcomes, particularly for premature infants with par-
ents who have diabetes or related genetic diseases, CGM
appears to be a promising optimization strategy.

CGM holds substantial potential as a diagnostic in-
strument within neonatology; however, its routine adop-
tion is impeded by notable constraints. Technical intrica-
cies linked to sensor placement and calibration, along with
the distinctive physiological attributes of neonatal glucose
metabolism, present hurdles in achieving precise and con-
sistent monitoring. The absence of standardized reference

values for neonatal glucose levels adds complexity to the
interpretation and establishment of intervention thresholds.
Moreover, ethical considerations and patient safety man-
dates the necessity of comprehensive attention prior to the
integration of CGM into routine neonatal care. The imper-
ative of surmounting these challenges via heightened re-
search and developmental efforts cannot be understated, as
it holds the key to refining the applicability of CGM within
neonatology and enhancing patient outcomes.

4.2 Comparison with Other Studies
A recent systematic review [24] examined the accu-

racy of CGM in preterm infants. Their results indirectly
suggested that CGM could stabilize blood glucose through
more accurate glucose monitoring. However, their study
did not explore the actual impact on patients, thus serving as
a single piece of evidence supporting the efficacy of CGM
in stabilizing blood glucose levels in preterm infants.

4.3 Strengths and Limitations of the Review
Aparamount strength of our study resides in themetic-

ulous application of Cochrane methodologies, which facil-
itated an exhaustive and systematic exploration of the lit-
erature landscape. By adopting these methodologies, we
have effectively mitigated the potential for reviewer errors
and biases. Additionally, our approach encompassed the
utilization of a tailored threshold to discern and eliminate
disparate thresholds that could have contributed to the ob-
served heterogeneity.

Certain limitations must be acknowledged when inter-
preting the conclusions of this systematic study. The lack of
a representative research population, a reference standard,
and critical information about the CGM device itself, cau-
tions against overinterpretation of these results. Given that
CGM is a still-evolving technology, significant variations
exist among studies in terms of CGM brands, calibration
processes, and data analysis platforms.

In future research, we should further explore the sen-
sitivity effect of CGM on different degrees of premature
birth.

5. Conclusions
The outcomes derived from this systematic review and

meta-analysis serve as a foundational basis for substanti-
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ating the efficacy of CGM in expediting the resolution of
hypoglycemic episodes among premature infants. Despite
certain limitations and variations in study methodology, the
results suggest that CGM could be a promising tool for ef-
fective glycemic control, particularly in high-risk popula-
tions. However, further research is warranted to assess the
effectiveness of CGM across diverse conditions and levels
of hyperglycemia and hypoglycemia. The implications of
these findings hold potential for optimizing clinical strate-
gies and improving outcomes for premature infants, espe-
cially those with a family history of diabetes or related ge-
netic diseases.
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