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Glucose Testing Methods: A Systematic Review and Meta-Analysis of
Diagnostic Accuracy of Point-of-Care Devices for Neonatal Hypoglycemia

Sophie L. St Clair', Caitlyn M. Ulyatt', Maria T. Corkin, PhD'*, Libby G. Lord', Caroline A. Crowther, MD',
Jane E. Harding, DPhil', and Luling Lin, PhD’

Objective To evaluate the accuracy of various point-of-care device methodologies for measuring blood glucose
concentrations in babies at risk of neonatal hypoglycemia.

Study design This systematic review and meta-analysis included studies from Ovid MEDLINE, Ovid Embase, and
Web of Science up to May 20, 2024. Studies comparing point-of-care testing methods for neonatal blood glucose to
a standard laboratory method were included, excluding those on continuous glucose monitoring or conducted
before 1990. Two researchers independently assessed inclusion and evaluated risk of bias using QUADAS-2.
Sensitivity and specificity were calculated using contingency tables, and diagnostic accuracy was analyzed using
hierarchical random-effects modelling. Studies with insufficient data were summarized by estimation direction.
Results Seventy-one studies were included. The quantitative analysis (n = 31) evaluated glucose oxidase
(GO) + photometry (n = 8), glucose-1-dehydrogenase (GDH) + photometry (n = 6), GO + electrochemistry
(n = 13), GDH + electrochemistry (n = 12), and hexokinase (HK) + electrochemistry (n = 2). All methods showed
high specificity (293%), with GO + electrochemistry, GDH + electrochemistry, and HK + electrochemistry showing
superior sensitivity. The summary receiver operating characteristic curve confirmed HK + electrochemistry as the
most accurate.

Conclusion Certain point-of-care device methodologies demonstrate greater accuracy in measuring neonatal
blood glucose concentrations. Of the methods evaluated, HK + electrochemistry proved to be the most reliable.
However, the limited number of studies using this method suggests the need for further research to confirm these
findings across diverse settings and populations. (J Pediatr 2025;278:114438).

Systematic review registration PROSPERO on December 29, 2023 (CRD42023488539).

ypoglycemia is a common neonatal condition that affects up to 15% of all infants' and half of “at-risk” infants,” which

includes those born late-preterm (35-36 weeks’ gestation), small or large birth weight, or having a mother with

diabetes.” The known association of neonatal hypoglycemia with neurodevelopmental impairment™®” warrants prompt
treatment of any detected episodes. However, hypoglycemia is commonly asymptomatic, so it is recommended that at-risk
infants undergo screening by regular measurement of blood glucose concentrations in the first days after birth.’

Blood glucose concentrations can be measured by testing the infant’s arterial, venous, or capillary blood sample, using a
point-of-care method, or using standard laboratory methods (usually glucose oxidase or hexokinase methods). Although lab-
oratory methods are the diagnostic standard and have a high degree of accuracy,”” the turnaround time of results potentially
delays the timely treatment of low blood glucose concentrations.” By comparison, point-of-care testing methods can be
conducted near to where the infant is being treated, allowing for rapid results and prompt management decisions.” However,
concerns have been raised about the inaccuracies of point-of-care devices, which may result in cases of neonatal hypoglycemia
going undetected, or unnecessary treatment of infants with normal blood glucose concentrations.'’ For instance, environment
(humidity, temperature)'' degradation of supplies, preparation and handling of samples,'” and hematocrit levels, which are
highly variable in neonates'’ can affect results. Further, point-of-care devices have been developed primarily for measurement
of high blood glucose concentrations in adults with diabetes, and tend to be less accurate at the lower blood glucose concen-
trations of relevance in the neonatal population.'* A lack of consensus also remains around whether the results of point-of-care
testing methods alone can be used to inform management of neonatal hypoglycemia, and even whether point-of-care methods
are reliable enough to serve as screening tests to determine which samples require
laboratory confirmation.”
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A wide range of point-of-care devices are now available for
measuring blood glucose concentrations, employing a range
of testing methods, including electrochemical’” or photo-
metric measurement'” and reaction enzymes.'® Point-of-
care devices that employ enzymatic methods may vary in
which reaction enzyme is used (eg, glucose oxidase, glucose
dehydrogenase, or hexokinase), and some devices use a com-
bination of enzymatic and photometric or electrochemical
methods. However, little guidance exists on which methods
may be most appropriate for neonates.'’

To help address this, this review aimed to determine the
accuracy of point-of-care devices for detecting hypoglycemia
in neonates.

The study protocol for this review was registered on PROS-
PERO on 29/12/2023 (CRD42023488539). The study was con-
ducted according to the Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy'® and reported
according to the PRISMA extension for Diagnostic Test
Accuracy studies'” (Appendix 1; available at www.jpeds.com).

Search Strategy and Study Selection

We searched Ovid MEDLINE, Ovid Embase, and Web of Sci-
ence, without language restriction, from inception to 20 May
2024 (Appendix 2; available at www.jpeds.com). At the full-
text review stage, publication dates were restricted to 1990
and onwards to ensure only currently relevant testing
methods were included. Conference abstracts were included
if they provided sufficient data but were merged with their
corresponding full text if this was available. There were no
restrictions on study type.

Eligible studies compared a point-of-care method for
testing blood glucose concentration (utilizing any blood sam-
ple, including arterial, venous, or capillary) with a standard
laboratory method (usually glucose oxidase or hexokinase
methods). We excluded continuous glucose monitoring de-
vices, as these have been addressed in a recent Cochrane re-
view.”’ Studies were not excluded if the laboratory
comparison method was unclear or deemed inappropriate;
instead, these concerns were addressed in quality assessment.

The focus population for this review was neonates. Studies
that did not provide sufficient information for a 2 X 2 con-
tingency table for meta-analysis inclusion were included in
a summary table of device performance.

Data Extraction

Four review authors independently conducted abstract and
title screening, followed by full-text review using the
Covidence tool,”" to assess study eligibility. Subsequently, 2
reviewers independently extracted data from the retrieved
studies using a prespecified data extraction form. Any
discrepancies at any stage were resolved through discussion
or with a third review author. The extracted data included
study details such as publication date, study design, setting,
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definition of target condition, testing devices utilized,
point-of-care test employed, and outcomes. For included
studies that provided sufficient data, we constructed contin-
gency tables comparing the point-of-care test with the refer-
ence standard. For studies that provided insufficient data or
addressed a nontarget population, any numeric data (mean
difference, mean bias, correlation coefficient) were extracted
into a table alongside study details and the au-
thor’s conclusions.

Quality Assessment

Two reviewers assessed the quality of studies included in meta-
analyses using the recommended Quality Assessment of Diag-
nostic Accuracy Studies 2 (QUADAS-2) tool.” Disagreements
were resolved through discussion or with another review
author. The assessed domains include participant selection,
index test (point-of-care test), reference standard, flow, and
timing. All domains were evaluated for risk of bias, and the
first 3 domains for applicability concerns. The quality
assessment summaries of meta-analyzed studies are presented
in tables generated using Review Manager (RevMan) 5.4.1
Software (The Cochrane Collaboration).”

Data Synthesis and Analysis
The unit of analysis was the sample that was tested for
neonatal hypoglycemia. The contingency tables from
included studies were used to calculate the sensitivity and
specificity of each point-of-care device methodology. The
definition of hypoglycemia was as defined by the study. Find-
ings were presented graphically through estimate plots in a
forest plot constructed using Review Manager 5.4.1° to allow
visual assessment of test accuracy. We grouped studies based
on their device methodology (reaction enzyme used [hexoki-
nase (HK), glucose oxidase (GO), or glucose-1-
dehydrogenase (GDH)], and photometric or electrochemical
measurement). Summary receiver operating characteristic
(SROC) curves were constructed for each group. A hierarchi-
cal random-effects model, which accounts for unexplained
heterogeneity between studies, was employed using STATA
17** to generate pooled results. Analyses were classified as
quantitative if they included sufficient data to calculate true
positives, false positives, true negatives, and false negatives,
enabling the formation of a 2 X 2 contingency table.
Studies lacking sufficient data for 2 x 2 contingency ta-
bles were classified as qualitative, and their findings were
summarized in a table indicating the directionality of de-
vice performance (underestimation, good estimation, and
overestimation). The original Clarke error grid considers
values within 20% of the reference sensor to be accept-
able,”” but in the context of neonatal hypoglycemia, this
margin was considered too wide because of the potentially
clinically significant implications of missed cases or unnec-
essary treatment due to under- or overestimation. We used
a 10% margin, based on the widely accepted hypoglycemia
threshold of 2.6 mmol/L,***® to inform our definitions of
underestimation and overestimation. Specifically, we
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considered any measured glucose concentrations more
than 0.26 mmol/L below the threshold (ie, <2.34 mmol/
L) as an underestimation and any measured glucose con-
centrations more than 0.26 mmol/L above the threshold
(ie, >2.86 mmol/L) as an overestimation. These thresholds
were applied to assess the accuracy of glucose measure-
ments in relation to the clinical definition of hypoglycemia.
Studies lacking numerical data (mean difference or bias)
were categorized depending on the authors’ conclusions
or other presented results.

We assessed certainty of evidence for sensitivity and spec-
ificity using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach® and
created a “Summary of Findings” table using the Grade Pro
Guideline Development Tool.”

ORIGINAL ARTICLES

Study Selection

The initial search yielded 11661 records, of which 8034 re-
cords underwent title and abstract screening after removing
duplicates. Among these, 549 records were selected for full-
text review, resulting in 71 eligible studies (comprising 73 re-
cords). Of these, 31 studies were included in the quantitative
analysis, while 40 were included in the qualitative anal-
ysis (Figure 1).

Study Characteristics
Among the 31 studies included in the quantitative analysis, a
total of 6756 patients and 19119 samples were assessed.
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Figure 1. Flow diagram of the included studies.
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Seventeen studies were conducted in high-income countries,
10 in upper-middle-income countries, and 4 in lower-
middle-income countries. Eight studies (10 devices) evalu-
ated point-of-care testing using GO + photometry, 6 studies
(6 devices) used GDH + photometry, 13 studies (14 devices)
used GO + electrochemistry, 12 studies (12 devices) used
GDH + electrochemistry, and 2 studies (2 devices) used
HK + electrochemistry. All these studies included neonatal
populations and were cross-sectional. The general character-
istics of the eligible studies are described in Appendix 3
(available at www.jpeds.com).

Risk of Bias

Six of the 31 studies (19.4%) were at high risk of patient se-
lection bias, indicating that participants were enrolled based
on convenience rather than random or consecutive sampling
(Figure 2). Five of the 31 studies (16.1%) were at high risk of
bias related to the point-of-care test, meaning that the
conduct or interpretation of the point-of-care test
introduced bias. Three studies (9.7%) were at high risk of
bias for the reference standard because the reference test
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was conducted with knowledge of the point-of-care test
result. Two studies (6.5%) were at high risk of bias due to
flow and timing issues, such as inappropriate intervals
between the point-of-care and reference tests or unclear
participant exclusion criteria. In addition, 7 of the 31
studies (22.6%) had high risk regarding the applicability of
patient selection.

Analysis Results

Diagnostic accuracy showed significant variation, with sensi-
tivity ranging from 25% to 100% and specificity from 7% to
100% in individual studies (Figure 3). For GO + photometry
methods, the mean sensitivity was 0.72 (95% CI: 0.64-0.76,
moderate certainty), and the mean specificity was 0.95
(95% CI: 0.87-0.98, low certainty) (Table I). For
GHD + photometry methods, the mean sensitivity was 0.64
(95% CI: 0.13-0.95, very low certainty), and the mean
specificity was 0.99 (95% CI: 0.88-1.00, high certainty). For
GO + electrochemistry methods, the pooled sensitivity was
0.82 (95% CI: 0.70-0.89, moderate certainty), and pooled
specificity was 094 (95% CI: 0.83-0.98. moderate
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Figure 2. Risk of bias and applicability concerns. A. Risk of bias graph: review authors’ judgements about each risk of bias item
presented as percentages across all included studies. B. Risk of bias summary: review authors’ judgements about each risk of

bias item for each included study.
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Figure 3. Forest plot of sensitivity and specificity with 95% confidence interval for detection of hypoglycaemia in each study by

different testing methods.

Glucose Testing Methods: A Systematic Review and Meta-Analysis of Diagnostic Accuracy of Point-of-Care Devices for

Neonatal Hypoglycemia

5



THE JOURNAL OF PEDIATRICS . www.jpeds.com

A - H
A
O .
.
o
¥
L
.
L,

2
2
2
5 0.
n

03T

L,
02T
0.1
0 + + + + + + + + +
0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Specificity

Oco+ photometry 1 GO + electrochemistry HK + electrochemistry

Legend
<> GDH + photometry A GDH + electrochemistry ’

Figure 4. Summary receiver operating characteristic curves
(SROC) showing the discriminant ability of point-of-care
testing methods for different testing methods.

certainty). For GDH + electrochemistry methods, the pooled
sensitivity was 0.81 (95% CI: 0.62-0.91, very low certainty),
and pooled specificity was 0.96 (95% CI: 0.88-0.99, low
certainty). For HK + electrochemistry methods, the pooled
sensitivity was 0.84 (95% CI: 0.73-0.91, moderate
certainty), and pooled specificity was 0.93 (95% CI: 0.88-
0.96, moderate certainty) (Figure 4).

Summary of Findings

The GRADE assessment showed that the certainty of sensi-
tivity for different methods ranged from very low to moder-
ate. This variability was due to downgrading for factors such
as unclear overall risk of bias, significant heterogeneity, or
wide confidence intervals. Similarly, the certainty of speci-
ficity for different testing methods ranged from low to
high, influenced by downgrading for unclear overall risk of
bias or significant heterogeneity (Table II).
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Studies Included in Qualitative Analysis

Forty studies were only included in the qualitative analysis
due to a lack of sufficient information to generate the con-
tingency table. For GO + photometry, most studies re-
ported good estimates (42.1%) or underestimates
(36.8%), with fewer studies reporting overestimates
(21.1%). In contrast, for GDH + photometry, over half of
the studies reported overestimates (50%), with the remain-
ing studies showing good estimates (40%) or underesti-
mates (10%). When using GO + electrochemistry, the
studies were evenly split between good estimates (42.9%)
and overestimates (42.9%), with fewer underestimates
(14.3%). Finally, for GDH + electrochemistry, half of the
studies reported good estimates (50%), and the rest were
divided between overestimates (33.3%) and underesti-
mates (16.7%) (Table III).

We conducted a systematic review and meta-analysis to
ascertain the accuracy of different point-of-care methods
for measuring blood glucose concentrations in neonates.
The variability in diagnostic accuracy observed across
different methods highlights the challenges in achieving
consistent and reliable glucose measurements for this group.
GO + photometry and GDH + photometry methods show
high specificity but low sensitivities, with a tendency to over-
estimate hypoglycemia. GDH + electrochemistry methods
provide balanced performance with low to very low certainty
evidence, while GO + electrochemistry ~ and
HK + electrochemistry methods demonstrated consistent
performance with moderate certainty evidence. Overall, the
persistent issues of underestimation and overestimation
across all these methods emphasize ongoing challenges in
achieving reliable point-of-care blood glucose measurements
in neonates.

Factors contributing to the variability in diagnostic accu-
racy across methods could include differences in study
design, sample handling, calibration protocols, and inherent
limitations of each testing method. Variations in study
design, such as sample sizes, study populations, and the clin-
ical settings in which tests are performed, can significantly
impact the results. For instance, studies with small sample
sizes may not adequately represent the broader population,
leading to variability in performance metrics like sensitivity

4 )

Table I. Pooled mean sensitivity and specificity of point-of-care device methodology for detection of hypoglycemia
Sensitivity 12 (%) for Specificity 12 (%) for

Point-of-care test (number of studies) Cases*/Samples (%) (95% CI) sensitivity (95% Cl) specificity
GO + photometry (devices = 10, studies = 8) 379/3614 (10.5) 0.72 (0.64, 0.76) 35.8 0.95 (0.87, 0.98) 81.1
GDH + photometry (devices = 6, studies = 6) 238/952 (25) 0.64 (0.13, 0.95) 51.2 0.99 (0.88, 1.00) 3.0
GO + electrochemistry (devices = 14, studies = 13) 819/5791 (14.1 0.82 (0.70, 0.89) 739 0.94 (0.83, 0.98) 82.6
GDH + electrochemistry (devices = 12, studies = 11) 1293/3862 (33.5 0.81 (0.62, 0.91) 85.9 0.96 (0.88, 0.99) 69.0
Hexokinase + electrochemistry (devices = 2, studies = 2) 67/201 (33.3 0.84 (0.73, 0.91) NA 0.93 (0.88, 0.96) NA

\ S

*Number of samples below the threshold for diagnosis of hypoglycemia as defined by each study.
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Table II. Summary of findings table
Patient or population: Neonates; setting: any birth settings; reference test: standard laboratory method
Number of results per 1000 patients
tested (95% Cl)
Prevalence 50% Number of participants Certainty of the
Test result Typically seen in at-risk babies (studies) evidence (GRADE)
Enzymatic (GO) + photometry: Pooled sensitivity:0.72 (95% Cl: 0.64-0.76) | Pooled specificity: 0.95 (95% Cl: 0.87-0.98)
True positives 360 (320-380) 3614 (10) DPPPHO
False negatives 140 (120-180) Moderate*
True negatives 475 (435-490) 3614 (10) DDOO
False positives 25 (10-65) Low™"
Enzymatic (GDH) + photometry: Pooled sensitivity: 0.64 (95% CI: 0.13-0.95) | Pooled specificity: 0.99 (95% Cl: 0.88-1.00)
True positives 320 (65-475) 952 (6) DOOO
False negatives 180 (25-435) Very low™*
True negatives 495 (440-500) 952 (6) DPHDOPD
False positives 5 (0-60) High
Enzymatic (GO) + electrochemistry: Pooled sensitivity: 0.82 (95% Cl: 0.70-0.89) | Pooled specificity: 0.94 (95% Cl: 0.83-0.98)
True positives 410 (350-445) 5791 (14) DPPPHO
False negatives 90 (55-150) Moderate"
True negatives 470 (415-490) 5791 (14) DPPHPO
False positives 30 (10-85) Moderate"
Enzymatic (GDH) + electrochemistry: Pooled sensitivity: 0.81 (95% Cl: 0.62-0.91) | Pooled spegificity: 0.96 (95% Cl: 0.88-0.99)
True positives 405 (310-455) 3862 (12) 5]0/0)0)
False negatives 95 (45-190) Very low* "8
True negatives 480 (440-495) 3862 (12) DPOO
False positives 20 (5-60) Low* "
Enzymatic (hexokinase): Pooled sensitivity: 0.84 (95% Cl: 0.73-0.91) | Pooled specificity: 0.93 (95% Cl: 0.88-0.96)
True positives 420 (365-455) 201 (2 PPPHO
False negatives 80 (45-135) Moderate*
True negatives 465 (440-480) 201 (2) DPPO
False positives 35 (20-60) Moderate* )
\

*Downgraded one level of risk of bias due to overall unclear risk of bias.

tDowngraded one level for inconsistency due to significant heterogeneity.

FDowngraded 2 levels for imprecision due to the very wide range of confidence intervals.
§Downgraded one level for imprecision due to the wide range of Cls.

and specificity. In addition, differences in how hypoglycemia
is defined and diagnosed across studies can affect the accu-
racy of test performance assessments. For example, studies
using lower glucose thresholds to define hypoglycemia may
increase the risk of false negatives, which is especially con-
cerning given the severe implications of missed neonatal hy-
poglycemia. Conversely, studies using higher or multiple
thresholds may lead to discrepancies in identifying true pos-
itive or negative cases, potentially leading to unnecessary in-
terventions. The effect of variability in diagnostic thresholds
underscores the critical importance of selecting appropriate
point-of-care devices tailored to clinical settings to ensure
reliable identification of hypoglycemia.

Proper sample handling is also crucial for accurate glucose
measurement. Variability in the collection, processing, and
storage of blood samples can lead to inconsistencies in
glucose measurement results. Differences in how samples
are collected (eg, type of device or technique), processed
(eg, timing and handling procedures), and stored (eg, tem-
perature and duration) can all affect the accuracy and reli-
ability of the test outcomes.”’ Each glucose measurement
method also has its own limitations. Enzymatic methods
may have varying sensitivities to interference from other sub-
stances in the blood, such as proteins, lipids, or medications,

that can mimic the glucose signal or inhibit enzyme activity,
leading to inaccurate glucose readings.'' Photometric
methods may be influenced by light absorption properties
of various substances in the blood, such as hemoglobin or
other pigments, that alter the amount of light absorbed or
transmitted through the sample, impacting the reliability of
the test results.”” Electrochemical methods can be affected
by electrode stability and the electrochemical environment.””
These inherent limitations can lead to differences in how
accurately each method detects neonatal hypoglycemia,
affecting overall test reliability. In addition, variability across
different device manufacturers using the same methods may
also influence performance.

Because the clinical implications of failing to detect cases
of neonatal hypoglycemia can be severe, including neurode-
velopmental impairment,”” the sensitivity of point-of-care
tests may be more important than specificity in this popula-
tion, as false negative rates impact more on groups where the
prevalence of a condition is higher.34 Across the 31 studies, all
testing methods demonstrated high specificity (293%),
whereas sensitivity was highest in studies using HK/GDH/
GO + electrochemistry, suggesting that these methods have
a lower risk of false negatives that may lead to unnecessary
treatment.”” The SROC curve confirmed the superior

Glucose Testing Methods: A Systematic Review and Meta-Analysis of Diagnostic Accuracy of Point-of-Care Devices for 7

Neonatal Hypoglycemia



THE JOURNAL OF PEDIATRICS . www.jpeds.com

Volume 278

Table III. Directionality of glucose measurement estimates relative to a 10% margin for hypoglycemia

Device method Underestimates

Good estimate Overestimates

n=7
Reynolds 1993 (BM-Reflolux)
Reynolds 1994 (BM-Reflolux)
Louderlll 1996 (Accu-Chek II)
Louderlll 1996 (One-Touch)
Schlebusch 1998 (One-Touch)
Ho 2004 (BM-Reflolux)
Duke 2022 (Vitros)

GO + photometry (n = 19)

n=1
Dahlberg 1997 (HemoCue)

GDH + photometry (n = 10)

n=2
Demers 1999 (Precision-G)
Fokkert 2012 (StatStrip)

GO + electrochemistry (n = 14)

n=3
Kim 2021 (PRO)
Kim 2021 (H Beat)
Brooks 2023 (Inform II)

GDH + electrochemistry (n = 18)

Other methods
Mechanism not described or
unable to determine*

Woods 2002 (Glucotrend)

.

n=28

n=4

n==6

n=9

Gong 2012 (hexose on DBS)
Ho 2004 (Glucotrend)

n=4
Kirkham 1995 (Ames Glucometer)
Sharief 1997 (BM-Reflolux)
Papp 2001 (BM-Reflolux)
Sudha Reddy 2014 (B Braun)

Schlebusch 1993 (BM-Reflolux)
Kirkham 1995 (BM-Reflolux)
Garland 1996 (One-Touch)
Innanen 1997 (Ames Glucometer)
Schlebusch 1998 (Accu-Chek Ill)
St-Louis 2002 (SureStep)
Kiattimongkol 2003 (Medisafe Mini)
Wada 2015 (Medisafe Mini) 8
n=>5

Leonard 1997 (HemoCue)

Sharief 1997 (HemoCue)

Ziljstra 1998 (HemoCue)

Upadrasta 2012 (HemoCue)

Sudha Reddy 2014 (HemoCue)
n==6

Schlebusch 1998 (Glucometer Elite)

Thomas 2000 (Precision-G)

McNamara 2001 (EML 105)

Upadrasta 2012 (Seimens 1265)

Foster 2013 (StatStrip)

Wada 2015 (StatStrip)
n==6

McNamara 2001 (Advantage)

Papp 2001 (Advantage)

Ho 2004 (Advantage)

Foster 2013 (Performa)

BenAmeur 2016 (Active)

BenAmeur 2016 (Performa)

Schlebusch 1998 (HemoCue)
Raile 1998 (HemoCue)
Warner 2011 (HemoCue)
Warner 2011 (Optium)

Sonderkaer 1999 (ABL 625)
Newman 2002 (AVL Omni 9)
Peet 2002 (B860)

St-Louis 2002 (Precision PCx)
Ho 2004 (Elite XL)

Ho 2004 (Precision)

Thomas 2000 (Advantage)
St-Louis 2002 (Inform)

Rosenthal 2006 (Accutrend)
Sievenpiper 2011 (Precision PXP)
Warner 2011 (Performa)

Dietzen 2013 (Inform II)

Dietzen 2013 (Performa)

Dietzen 2013 (Aviva)

Zayek 2019 (Inform II)

Kim 2021 (Inform 1)

Kim 2021 (BAROzen)

Dixon 2023 (light-based sensor)
BenAmeur 2016 (Bionime)

GO, glucose oxidase; GDH, glucose dehydrogenase.
Table lists study (instrument tested).

*Testing method not explained in sufficient detail in paper (method, manufacturer or model not specified).

discriminative ability of the HK + electrochemistry over the
GDH + electrochemistry and GO + electrochemistry
methods to maximize the detection of neonatal hypoglyce-
mia whilst minimizing false positives.’

The SROC curve suggests that the GO + photometry and
GDH + photometry methods are the least accurate methods
examined in the meta-analysis. This is consistent with our
qualitative analysis showing that the GO + photometry
method underestimated the incidence of neonatal hypoglyce-
mia (ie, missing more than 10% of true cases) in over a third
of the included studies, while the GDH + photometry
method overestimated hypoglycemia (ie, more than 10% of
identified cases were false positives) in half of the included
studies. However, the qualitative analysis also showed that
of the 3 methods that appeared most accurate on meta-
analysis, GDH + electrochemistry over-estimated the inci-
dence of hypoglycemia in 6 of 18 studies (33%), and
GO + electrochemistry in 6 of 14 studies (43%).

The HK + electrochemistry method demonstrated
consistent performance with moderate certainty evidence.
This method had high sensitivity, which is particularly
beneficial for accurately detecting neonatal hypoglycemia,

8

a condition where false negatives can have severe clinical
implications. However, the limited number of studies sug-
gests the need for further research to confirm these findings
across different devices, populations and diagnostic
thresholds. In addition to diagnostic accuracy, the feasi-
bility and cost-effectiveness of the HK + electrochemistry
method are also critical considerations, particularly in
low-resource environments. Implementation of this
method may be limited by higher device costs, calibration
requirements, and infrastructure limitations. Overall, the
HK + electrochemistry approach represents a promising
technique for neonatal glucose monitoring, but further
validation and refinement are needed to maximize its diag-
nostic accuracy.

Although there appear to be high levels of heterogeneity
(ie, 275%) for specificity and sensitivity across devices using
the GDH + electrochemistry, and GO + electrochemistry, the
interpretation of I? measures is not straightforward,37 and,
due to the threshold effect, arguably not well-suited to the
evaluation of heterogeneity of specificity and sensitivity of
diagnostic tests in meta-analyses.”® There are also likely var-
iations in study design and execution across studies, each of

St Clair et al
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which can introduce heterogeneity in results.’” However, we
employed a hierarchical random-effects model, thus ac-
counting for any unexplained heterogeneity between studies
included in our meta-analysis.””

The systematic review and meta-analysis have some limita-
tions. One significant challenge was the inability to perform
subgroup analysis based on different diagnostic thresholds.
This subgroup analysis was planned to assess how varying
cutoff values impact device accuracy, but the categorization
of studies by different methods and thresholds resulted in
insufficient data for meaningful comparisons, particularly
as there was little variation in the thresholds used in studies
grouped by the different testing methods. Furthermore, the
included studies exhibited considerable heterogeneity in
design, methodology, and patient populations, complicating
the synthesis of results and affecting the generalizability of the
findings. Further, the limited number of studies evaluating
certain methods, particularly HK + electrochemistry, high-
lights the need for additional studies. Such studies should
be multicentered, incorporate standardized study designs,
and pool data across diverse populations to enhance the
robustness and generalizability of findings. Variability in
testing conditions and calibration practices further contrib-
uted to the inconsistency, as differing sample handling and
calibration procedures were not uniformly reported across
studies. These limitations underscore the need for additional
research to address these gaps and enhance the assessment of
reliability of point-of-care devices for the detection of
neonatal hypoglycemia.

The applicability of these results may be limited by the fact
that clinicians working in healthcare facilities do not have ac-
cess to the most accurate point-of-care testing devices.
Furthermore, implementing these accurate point-of-care
testing devices in developing countries will inherently be
more challenging, owing to factors such as healthcare infra-
structure and cost.”” However, it is hoped that these results
will be useful to those responsible for purchasing new equip-
ment when updating is practicable.

In summary, meta-analysis and subsequent analysis re-
vealed that 3 device methods had greater sensitivity for de-
tecting neonatal hypoglycemia: HK + electrochemistry,
GDH + electrochemistry and GO + electrochemistry. Among
these, the HK + electrochemistry method was the most accu-
rate in detecting hypoglycemia within the neonatal popula-
tion, although there were a limited number of studies using
this method. B
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