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Abstract

Background Worldwide, many guidelines recommend the use of expressed breast milk (EBM) and maternal expres-
sion of breast milk for the prevention and treatment of neonatal hypoglycemia. However, the impact of both practices
on neonatal hypoglycemia is unclear. This study aims to determine the effectiveness of EBM and maternal expression
of breast milk in preventing and treating neonatal hypoglycemia.

Methods We registered our review in PROSPERO (CRD42022328072). We systematically reviewed five databases

and four clinical trial registries to identify randomized controlled trials (RCT), non-randomized studies of intervention
(NRSI), and cohort studies that compared infants who received EBM to infants who did not, and similar study designs
that compared infants whose mothers expressed breast milk to infants whose mothers did not. Two independent
reviewers carried out screening, data extraction, and quality assessment. The quality of included RCT, NRSI, and cohort
studies were respectively assessed with the Cochrane Risk of Bias 2, Risk Of Bias In Non-randomised Studies—of Inter-
ventions, and the Newcastle-Ottawa Scale tools. Results from studies on EBM were synthesized separately from those
on maternal expression of breast milk. Meta-analysis was undertaken using Revman 5.4. and fixed-effect models.

Results None of the ten included studies was specifically designed to determine the effect of EBM or maternal
expression of breast milk on neonatal hypoglycemia. The effect of EBM on neonatal hypoglycemia was not estimable.
There was no difference in the risk of hypoglycaemia among neonates whose mothers expressed breast milk com-
pared to those whose mothers did not [RR (95%Cl); one RCT: 0.92 (0.77, 1.10), high-certainty evidence; one cohort:
1.10 (0.74, 1.39), poor quality study].

Conclusions There is insufficient evidence to determine the effectiveness of EBM for preventing or treating neonatal
hypoglycemia. Limited data suggests maternal breast milk expression may not alter the risk of neonatal hypogly-
cemia. High-quality randomized controlled trials are needed to determine the effectiveness of EBM and maternal
expression of breast milk for the prevention and treatment of neonatal hypoglycemia.
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Background
Neonatal hypoglycemia is the most common metabolic
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highest in the first few hours after birth. This is because
clamping of the umbilical cord at birth leads to ter-
mination of transplacental glucose transfer coupled
with continued endogenous production of insulin by
the infant [3, 4]. The risk of hypoglycemia is increased
in states associated with reduced glycogen stores,
increased glucose utilization, and hyperinsulinemia
[3, 5]. In these states, compensatory mechanisms like
the production of counterregulatory hormones (corti-
sol and glucagon), which trigger gluconeogenesis and
glycogenolysis thus resulting in endogenous glucose
production, are often delayed [3]. Risk factors associ-
ated with such states include being small or large for
gestational age, an infant of a diabetic mother, pre-
term, asphyxiated, and hypothermic [3, 5]. Hence, a
prompt exogenous supply of glucose may be important
in preventing neonatal hypoglycemia, especially in at-
risk infants. Despite being the commonest metabolic
disorder in newborn infants, there is no consensus
on the threshold that define neonatal hypoglycaemia
[3, 6]. However, its most widely accepted definition
is blood glucose concentration less than 47 mg/dL
(2.6 mmol/L), with variations even among pediatric
professional organizations [6].

Hypoglycemia in the newborn, especially when severe,
recurrent, or not promptly detected and treated, is asso-
ciated with far-reaching poor perinatal and long-term
neurodevelopmental outcomes [7, 8]. These include
neonatal seizures, apnea, death, developmental delays,
seizure disorder, visual-motor impairment, and execu-
tive dysfunction [5, 7-9]. Prevention and management
options for neonatal hypoglycemia include breastfeed-
ing [10], oral glucose gel [11], intravenous dextrose [4],
medications such as hydrocortisone and glucagon [4],
and feeding with formula milk or expressed breast milk
(EBM) [10].

Both feeding EBM (mother’s or donor’s) to infants and
the expression of breast milk by mothers to prevent or
treat hypoglycemia are incorporated into many neonatal
management guidelines worldwide [5, 10, 12—14]. While
EBM provides ready non-formula feeds for the infant,
the expression of breast milk, in addition, may be asso-
ciated with improved lactogenesis [15]. Thus, these two
interventions, although closely related, may potentially
have independent effects on neonatal hypoglycemia.
Both practices are recommended, increasingly encour-
aged, and practised for at-risk and hypoglycemic infants
[10, 12-14, 16], yet their effectiveness in preventing and
treating neonatal hypoglycemia is uncertain. Hence, this
systematic review aims to review the evidence on the
effectiveness of feeding EBM and maternal expression
of breast milk for preventing and managing neonatal
hypoglycemia.
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Methods

We registered our study protocol in the International
prospective register of systematic reviews (PROSPERO)-
CRD42022328072 [17]. In addition to investigating the
effectiveness of EBM for the prevention and treatment
of neonatal hypoglycemia, our registered protocol was
revised (expanded) to determine the effectiveness of
maternal expression of breastmilk for the prevention
and treatment of neonatal hypoglycemia as this is also a
commonly recommended practice in neonatal care [12,
14]. Hence, our protocol was expanded to include rel-
evant review questions, participants, interventions, and
comparators [17]. Our review is reported following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [18].

Eligibility criteria

We included studies that compared infants (<28 days
old) who received EBM (mother’s or donor’s) to infants
who received no intervention or other interventions
(breastfeeding, formula milk, dextrose gel, intravenous
dextrose, placebo, or a combination of these) as well as
studies that compared infants of mothers who expressed
breast milk with infants whose mothers did not express
breast milk. Randomized controlled trials (RCTs), quasi-
RCTs, non-randomized studies of intervention (NRSI),
cluster randomized trials, cohort and case—control stud-
ies, and abstracts (if they provided enough information)
were included. There were no language or geographic
restrictions. Study protocols and those without compari-
son groups were excluded.

Search strategy

We searched OVID MEDLINE, Embase (OVID),
CINAHL Plus, Cochrane Library, and Scopus from
inception to 19™ May 2022, and trial registration reposi-
tories, Current Controlled Trials, Clinical Trials, Aus-
tralian and New Zealand Clinical Trials Registry, and
the World Health Organization International Clinical
Trials Registry Portal (Additional file 1). In addition, we
searched references of previous relevant reviews for addi-
tional studies for relevant articles. Results from the litera-
ture search were imported into Covidence software [19],
where studies were screened. Two authors (OIO and JH/
LL) independently reviewed all studies for eligibility. Any
discrepancies were resolved after discussion or involving
a third author (JH/LL).

Study selection

We included all RCTs, NRSI, and cohort studies that
compared infants given EBM to those given no or other
interventions and studies that compared infants whose
mothers expressed breast milk with those whose mothers
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did not express breast milk. We did not identify any rel-
evant case—control study.

The primary outcome was neonatal hypoglyce-
mia (study-defined, i.e., as defined by study authors)
after the intervention. Secondary outcomes were
neonatal hypoglycemia (any blood glucose concen-
tration <2.6 mmol/L), receipt of treatment for hypo-
glycemia (study-defined), number of episodes of
hypoglycemia (study-defined), severity of hypoglycemia
(lowest recorded blood glucose concentration or study-
defined), separation from the mother for any treatment
before discharge home (infant nursed in an environ-
ment not in the same room as the mother, e.g., for neo-
natal intensive care unit (NICU) admission or special
care baby unit (SCBU) admission), separation from the
mother for treatment of hypoglycemia before discharge
home (infant nursed in an environment not in the same
room as the mother, e.g., NICU admission or SCBU for
treatment of hypoglycemia), injury attributable to hypo-
glycemia on brain imaging (study defined), duration of
initial hospital stay, breast milk feeding exclusively (infant
only receives breast milk without any other drink or
food) from birth to discharge, breast milk feeding exclu-
sively after discharge, breastfeeding (any) after discharge,
exclusive breast milk feeding (infant only receives breast
milk without any other drink or food) at six months after
birth, cost of intervention (as measured by study), cost of
neonatal care (as measured by the study).

Data extraction, synthesis, and analysis

Two authors (OIO and LL) independently extracted data
using pre-designed data extraction forms. Data extracted
include study design, location, year of publication, popu-
lation, intervention used, control exposure, and whether
the study was primarily designed to prevent or treat
hypoglycemia. The risk of bias for outcomes was inde-
pendently assessed by two authors (OIO and LL) using
the Cochrane Risk of Bias -2 tool [20] for RCTs, Risk Of
Bias In Non-randomized Studies of Interventions tool
(ROBINS-I) [21] for NRSI, and the Newcastle—Ottawa
Scale [22] for cohort studies. For RCTs and NRSI, the risk
of bias was assessed for each outcome, while for cohort
studies, the risk of bias was assessed for each study. For
RCTs, study outcomes were assessed as having low, some
concerns or high risk of bias [20], while for NRSI, they
were assessed as having low, moderate, serious, or critical
risk of bias [21]. Cohort studies were assessed as being
of good or poor quality [22]. Discrepancies were resolved
with discussion. We planned to assess publication bias
by visual inspection of a funnel plot, plotting the study
effect size against the sample size, but this was not pos-
sible because of few relevant studies.
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We calculated the risk ratio (RR) with 95% confidence
intervals (CIs) for dichotomous outcomes and the mean
difference (MD) with 95% CIs were calculated for con-
tinuous outcomes. A p-value of<0.05 denoted statistical
significance. The median (first and third quartiles) were
converted to mean (SD) for studies that report median
[23]. The mean (SD) for studies with two or more EBM
groups (e.g. raw vs. pasteurized) were merged to create
a single group as recommended by the Cochrane Col-
laboration [24]. For studies that presented results using
graphs, WebPlotDigitizer was used to extract numbers
from the graph [25].

Meta-analysis is a valid, accurate and precise method
for synthesizing estimates reported by at least two stud-
ies [26, 27]. Hence, for outcomes reported by a minimum
of two studies, meta-analysis was undertaken using Rev-
man 5.4 [28] and fixed-effect models. I? and x> were cal-
culated for each analysis and describe the percentage of
variability in effect estimates due to heterogeneity. If we
observed substantial heterogeneity (I>>50% and P<0.10
in the x* test), we planned to explore possible causes in a
sensitivity analysis.

Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) [29] was used to assess
the certainty of evidence for RCTs reporting any of the
following outcomes: neonatal hypoglycemia (study-
defined), receipt of treatment for hypoglycemia (study-
defined, any treatment - oral dextrose gel, intravenous
dextrose, or other drug therapy) during the initial hos-
pital stay, separation from the mother for any treatment
before discharge home, separation from the mother for
treatment of hypoglycemia before discharge home, breast
milk feeding exclusively from birth to discharge, exclu-
sive breast milk feeding at six months. Results from stud-
ies on EBM were synthesized and reported separately
from those on expression of breast milk.

Results

We identified 6 912 studies, of which six were addi-
tional papers identified through a review of references
(Fig. 1). After removing duplicates, 3 761 studies were
screened. After title and abstract screening, 3 663 studies
were excluded. One study could not be retrieved despite
contacting the authors. Of the remaining 97 studies for
which we conducted full text review, we included 10
studies, two of which were included in the meta-analysis
and the remaining eight were included in the qualitative
analysis. None of the studies specifically investigated the
use of EBM or breast milk expression for preventing and
treating neonatal hypoglycemia. Of the three ongoing
studies [30—32], one [30] is investigating the effectiveness
of human donor milk for the treatment of neonatal hypo-
glycemia among breastfed infants.
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Fig. 1 Flow diagram of the process of study selection
Study characteristics
The included studies were five RCTs [16, 33-36],

two NRSIs [37, 38], and three cohort studies [39-41]
(Table 1). Five of the studies were about the effects of
EBM and five about maternal expression of breast milk.
The majority (90%) were conducted in high-income
countries, while one (10%) was conducted in a low-mid-
dle income country (India). The publications spanned
more than six decades (1958 to 2022), with sample sizes
ranging from 20 to 656 infants.

The number of infants included in this review was 2
224. The five studies on EBM included 512 infants, of
whom 281 received EBM (mother’s [211], donor [29],
mother’s or donor [31], or unspecified [10]) and 231
received other interventions (formula [109], or a com-
bination of breastfeeding, no milk and formula [122]).
The five studies on breast milk expression included
1 712 infants, 744 mothers of whom expressed breast

Before and after 6, no comparator 5, cross

milk, and 968 did not. All mothers who expressed
breast milk did so antenatally. Three studies included
mothers with pre-gestational or gestational diabetes
[16, 40, 41], one involved low-risk nulliparous individu-
als [36] and one involved mothers in an obstetric ward
[38].

Risk of bias

The risk of bias by outcomes reported by RCTs and
NRSI for studies on expressed breast milk and mater-
nal expression of breast milk varied widely from low to
high risk of bias (Table 2).

Similarly, the only cohort study that reported on EBM
and a relevant outcome was of good quality, while the
two cohort studies that reported on maternal expres-
sion of breast milk and relevant outcomes were of poor
quality (Table 3).
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Table 2 Risk of bias for outcomes reported in randomized controlled trials and non-randomized studies of interventions

Bias due to

—_ (%)

[e] ]

c S g g - 2

o 3

R¥s2| 852 5% g |58

N = c - = =

£ 58|85 |58:|» | £¢8 | §% =

o3l EG| & 3 ST S| £ o 2 Bt ©

T o .= n T SO c < 73 o O 5 fae

SSle5 82| 382 g 58 |2a8|¢

98 880 |occe|S OE |42 | &
Domains for ROB2(RCTs) D1 - - D2 D3 D4 D5
Domains for ROBIN-I (NRSI) D1 D2 D3 D4 D5 D6 D7

Effect of expressed breast milk

Neonatal hypoglycaemia

RCT

Schultz 1980

Duration of initial hospital stay

RCT

Cristofalo 2013

Narayanan 1981

NRSI

Cossey 2014

Effect of expression of breast milk

Neonatal hypoglycaemia

RCT

Forster 2017

Separation from mother for any treatment

RCT

Forster 2017

Demicri 2022

Separation from mother for treatment of
hypoglycaemia

RCT

Forster 2017

Duration of initial hospital stay

RCT

Forster 2017

Breastmilk feeding exclusively from birth to
discharge or till seven days if still on admission

RCT

Forster 2017

NRSI

Ingelmann-Sunderberg 1958

Breastmilk feeding exclusively after discharge (at
3 to 4 months)

RCT

Forster 2017

Demicri 2022

Any breastfeeding after discharge (at 3 to 4
months)

RCT

Forster 2017

Demicri 2022

Risk of bias color code interpretation

ROB2 for RCTs

Low

No information

Some concerns

High

ROBIN-I for NRSI

Low

No information

Moderate

Serious/Critical

RCTs Randomized Controlled Trials, NRSI Non-randomized Study of intervention, ROB2 Cochrane risk of bias 2 tool,

ROBINS-I Risk Of Bias In Non-randomized Studies of Interventions tool, D - Domain, “- “not separately assessed
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Table 3 Risk of bias for cohort studies
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Study | Selection | Comparability | Outcomes | Total | Assessment
Expression of breast milk
Cassey 2019 * ok % * ok % 6 Poor
Soltani 2012 * * R X 4 Poor
Expressed breast milk
Harris 2017 EEEEIEE ERE |7 | Good

Quiality assessment of included studies. Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in compatibility domain AND 2 or 3 stars in outcome/exposure
domain, Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain, Poor quality: 0 or 1 star in
selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain

Outcomes for studies on expressed breast milk

Neonatal hypoglycemia

One RCT [35] reported no hypoglycemic episodes in
infants who were and were not given EBM, although
authors did not report any blood glucose concentra-
tions nor explain how hypoglycemia was defined (20
infants, RR — not estimable, very low certainty evi-
dence, high risk of bias) (Fig. 2).

Duration of initial hospital stay

Three studies [33, 34, 37] compared the duration of
hospital admission among infants given EBM and
infants given other interventions. One RCT [33]
reported no difference in the duration of initial hospital
stay of infants who were fed EBM compared to infants
who had other interventions (53 infants, MD [95%

aA.Neonatal hypoglycemia

Expressed breast milk  No expressed breast milk

CIJ: -9.33 [-32.07, 13.40] days, p=0.42, some concerns
about risk of bias) (Fig. 2). Similarly, one NRSI [37]
reported the duration of hospital stay among infants
fed expressed mother’s milk was not different from
infants fed infant formula (143 infants, MD [95% CI]:
-2.00 [-12.39, 8.39] days, p=0.71, low risk of bias). One
RCT [34] reported that among infants who developed
an infection, the duration of initial hospital stay was
shorter among infants given breast milk compared to
infants given formula, but no supporting data or statis-
tical measures were reported (62 infants, MD not esti-
mable, high risk of bias).

Other outcomes
None of the other pre-specified outcomes were reported.
However, one cohort study [39] reported that the change

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Schultz 1980 0 10 0 10 Not estimable
Total (95% Cl) 10 10 Not estimable
Total events 0 0
H itv: N licabl L ' | |
Tet(:rfogenelty" f:;t at;?p')\llctab e icat '0_01 011 1'0 100'
est for overall effect: Not applicable Favours EBM Favours no EBM
b.Duration of hospital stay
Expressed breast milk No expressed breast milk Mean Difference Mean Difference
Study or Subgroup Mean sSD Total Mean sb Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Randomized controlled trial
Cristofalo 2013 80 31.8963 29 89.333  48.85956 24 100.0% -9.33[-32.07, 13.40]
Subtotal (95% Cl) 29 24 100.0% -9.33 [-32.07, 13.40]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.80 (P = 0.42)
Non-randomized study of intervention
Cossey 2014 43.3333 32.7115332 102 45.3333 26.8884402 41 100.0% -2.00 [-12.39, 8.39] t
Subtotal (95% Cl) 102 41 100.0% -2.00 [-12.39, 8.39]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.38 (P = 0.71)
-50 25 0 25 50

Favours EBM Favours no EBM

Fig. 2 Expressed breast milk and relationship with neonatal hypoglycemia and duration of initial hospital stay
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in blood glucose concentration was not different in
infants fed EBM compared to infants who had other
interventions (227 infants, MD [95% CI]: -1.4 [-3.7, 0.9]
mg/dL, p=0.25, good quality study). In addition, one
RCT [35] reported that fasting blood glucose concentra-
tions were lower at 24 h but higher at one to four weeks
(measured weekly) after birth in infants fed EBM com-
pared to infants fed formula (20 infants, high risk of bias,
MD [95% CI] -0.52 [-0.77, -0.27] mmol/L, p<0.0001 at
24 h; 1.02 [0.72, 1.32] mmol/L, p<0.00001 at one week;
0.73 [0.49, 0.97] mmol/L, p<0.00001 at two weeks; 1.14
[0.88, 1.40] mmol/L, p<0.00001 at three weeks; 0.63
[0.36, 0.90] mmol/L, p<0.00001 at four weeks).

Outcomes for studies on the expression of breast milk
Neonatal hypoglycemia

Two studies (one RCT [16] and one cohort [40]) reported
that the risk of hypoglycemia was not different in infants
whose mothers expressed breast milk compared to
infants whose mothers did not (RCT- 630 infants, RR
[95% CI]: 0.92 [0.77, 1.10], p=0.38, high certainty evi-
dence, low risk of bias; cohort—303 infants, RR [95% CI]:
1.01 [0.74, 1.39], p=0.93, poor quality study) (Fig. 3).

Separation from mother for any treatment

Two RCTs [16, 36] reported that the risk of separation
from the mother for any treatment was not different
between infants whose mothers expressed breast milk
compared to infants whose mothers did not (2 stud-
ies, 668 infants, RR [95% CI]: 1.08 [0.75, 1.54], p=0.69,
I>=0; P=0.53, low certainty evidence, 1 RCT at low risk
of bias, the other at high risk of bias). In contrast, one
cohort study [41] reported that infants whose mothers
expressed breast milk had a higher risk of being sepa-
rated from their mother (SCBU admission) compared
to infants whose mothers did not express breast milk
(81 infants, RR [95% CIJ: 2.75 [1.05, 7.23], p=0.04, poor
quality study) (Fig. 3).

Separation from mother for the treatment of hypoglycemia
One RCT [16] reported the risk of separation from the
mother for the treatment of hypoglycemia was similar
among infants whose mothers did compared to infants
whose mothers did not express breast milk antenatally
(89 infants, RR [95% CI]: 1.16 [0.69, 1.95], p=0.57, low
certainty evidence, low risk of bias) (Fig. 3).

Duration of initial hospital stay

One RCT [16] reported no difference in the duration
of initial hospital stay among infants whose mothers
expressed breast milk antenatally compared to infants
whose mothers did not (632 infants, MD [95% CI]: -1.20
[-9.88, 7.48] days, p=0.79, low risk of bias) (Fig. 3).

(2023) 9:12
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Breastfeeding outcomes

Two studies (one RCT [16] and one NRSI [38]) reported
that infants of mothers who expressed breast milk com-
pared to infants whose mothers who did not were not
more likely to be exclusively breast fed at discharge [38]
or until seven days if still an in-patient [16] (RCT—632
infants, RR [95% CI]: 1.15 [0.99, 1.33], p=0.07), some
concerns about risk of bias; NRSI—656 infants, RR
[95% CI]: 1.01 [0.97, 1.05], p=0.63, serious risk of bias)
(Fig. 4). In contrast, a cohort study [40] reported that
infants whose mothers expressed breast milk compared
to infants whose mothers did not were more likely to
be exclusively breastfed until discharge (313 infants,
RR [95% CIJ: 1.50 [1.29, 1.74], p<0.00001, poor quality
study).

Two RCTs [16, 36] reported no significant difference
in exclusive breast milk feeding rates at three to four
months among infants whose mothers expressed breast
milk antenatally compared to infants whose mothers did
not (604 infants, RR [95% CIJ: 1.09 [0.95, 1.25], p=0.20,
I>=0%; P=0.87, some concerns about risk of bias with
both studies) (Fig. 4).

Two RCTs [16, 36] reported that the rates of any
breastfeeding three to four months after birth were simi-
lar in infants whose mothers expressed breast milk ante-
natally compared to infants whose mothers did not (604
infants, RR [95% CIJ: 1.01 [0.94, 1.08], p=0.30, *=7%;
P=0.84, some concerns about risk of bias with both stud-
ies) (Fig. 4).

Other outcomes
None of our other pre-specified outcomes were reported
by any of the five studies on breast milk expression.

The certainty of each GRADE outcome was assessed as
very low, low, or high [29] (Table 4).

Discussion

Our study has systematically reviewed the evidence for
the effectiveness of giving EBM to infants and the moth-
er’s expression of breast milk for prevention and treat-
ment of neonatal hypoglycemia and other outcomes,
including the duration of initial hospital stay, separation
from the mother for any treatment or the treatment of
hypoglycemia, and breastfeeding.

Despite the widespread practice and recommendations
of feeding EBM to infants [5, 10, 12—14] and encourag-
ing mothers to express breast milk [12, 14, 16] to prevent
and treat neonatal hypoglycemia, we found no published
study specifically designed to assess the effectiveness of
these practices. However, a parallel group RCT is under-
way to determine the effectiveness of donor human milk
supplementation in treating hypoglycemia in breastfed
infants [30].
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a.Neonatal hypoglycemia
Breast milk expression  No breast milk expression Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Randomized controlled trial
Forster 2017 132 315 143 315 100.0% 0.92[0.77, 1.10]
Subtotal (95% CI) 315 315 100.0% 0.92[0.77, 1.10]
Total events 132 143
Heterogeneity: Not applicable
Test for overall effect: Z = 0.88 (P = 0.38)
Cohort study
Casey 2019 32 80 88 223 100.0%  1.01[0.74,1.39] i
Subtotal (95% CI) 80 223 100.0% 1.01[0.74, 1.39]
Total events 32 88
Heterogeneity: Not applicable
Test for overall effect: Z = 0.08 (P = 0.93)
05 07 15 2

b.separation from mother for any treatment

Breast milk expression  No breast milk expression

Study or Subgroup Events Total Events

Randomized controlled trials

Demicri 2022 6 18 4 18 8.3%
Forster 2017 46 317 44 315 91.7%
Subtotal (95% CI) 335 333 100.0%
Total events 52 48

Heterogeneity: Chi? = 0.39, df = 1 (P = 0.53); I? = 0%

Test for overall effect: Z = 0.40 (P = 0.69)

Cohort study

Soltani 2012 5 15 8 66 100.0%
Subtotal (95% Cl) 15 66 100.0%
Total events 5 8

Heterogeneity: Not applicable
Test for overall effect: Z = 2.05 (P = 0.04)

Total Weight M-H, Fixed, 95% CI

Breast milk expression  No breast milk expression

Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

R

3

1.50 [0.51, 4.43]
1.04[0.71, 1.52]
1.08 [0.75, 1.54]

2.75[1.05, 7.23]
2.75[1.05,7.23]

= -

+
50

+ t t
0.02 0.1 1 10

Breast milk expression  No breast milk expression
C. Separation from mother for the treatment of hypoglycemia
Breast milk expression  No breast milk expression Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Forster 2017 19 45 16 44 100.0% 1.16 [0.69, 1.95]
Total (95% CI) 45 44 100.0% 1.16 [0.69, 1.95]
Total events 19 16
Lo . . \ L ,
E;_!eterfogeneltyl.I N;t ap?;;niagl;; o o5 Obs 0‘2 1. é 2‘0
est for overall effect: Z = 0.56 (P = 0.57) Breast milk expression  No breast milk expression
d. Duration of initial hospital stay
Breast milk expression No breast milk expression Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean sD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Forster 2017 70.9 56.4 317 721 54.9 315 100.0% -1.20 [-9.88, 7.48]
Total (95% CI) 317 315 100.0% -1.20 [-9.88, 7.48]
o . L 4 L L
Heterogeneity: Not applicable _50 _2'5 6 2'5 5'0

Test for overall effect: Z = 0.27 (P = 0.79)

Breast milk expression  No breast milk expression

Fig. 3 Breast milk expression and relationship with neonatal hypoglycemia, separation of infant from mother, and duration of hospital stay

Breast milk, in addition to having adequate nutrients
for optimal growth and development in the first six
months of life, also has anti-infective, immunomodu-
latory, and anti-inflammatory benefits [42, 44], which
are associated with improved short- and long-term

health outcomes [43]. However, there have been con-
flicting reports on whether it increases blood glucose
concentrations. Rees et al. [44] reported that among
breastfed infants, there was a significant increase in
blood glucose concentrations of 9.6 mg/dL when fed
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a.Exclusive breastfeeding untill discharge or untill 7 days if still an inpatient

Breast milk expression
Events Total

No breast milk expression
Study or Subgroup Events
Cohort

Casey 2019 67 80 130
Subtotal (95% CI) 80

Total events 67 130
Heterogeneity: Not applicable

Test for overall effect: Z = 5.32 (P < 0.00001)

Non-randomized study

Ingelmann-Sunderberg 1958 294 313 319 343
Subtotal (95% CI) 313 343

Total events 294 319
Heterogeneity: Not applicable
Test for overall effect: Z = 0.48 (P = 0.63)

Randomized controlled trial

Forster 2017 178 317 154 315
Subtotal (95% CI) 317 315
Total events 178 154

Heterogeneity: Not applicable

Test for overall effect: Z = 1.82 (P = 0.07)

b. Exclusive breastfeeding after discharge (at 3 - 4 months)

Breast milk expression
Events Total

No breast milk expression

Study or Subgroup Events

Total Weight M-H, Fixed, 95% CI

233 100.0%
233 100.0%

100.0%
100.0%

100.0%
100.0%

Total Weight

Risk Ratio Risk Ratio

M-H, Fixed, 95% CI

s =

150 [1.29, 1.74]
1.50 [1.29, 1.74]

1.01[0.97, 1.05] !
1.01[0.97, 1.05] 4

1.15[0.99, 1.33]
1.15[0.99, 1.33]

3

+ + t t
0.5 0.7 1.5 2
No breast milk expression  Breast milk expression

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Demicri 2022 14 18 1" 16 7.0%
286 93.0%

Forster 2017 169 284 156

Total (95% Cl) 302

Total events 183 167
Heterogeneity: Chi? = 0.03, df = 1 (P = 0.87); I?=0%

Test for overall effect: Z = 1.29 (P = 0.20)

C. Any breastfeeding after discharge (at 3 - 4 months)

Breast milk expression  No breast milk expression

302 100.0%

1.13[0.75, 1.71]
1.09 [0.95, 1.26] T

A

1.09 [0.95, 1.25] <

. ! , .
05 07 1 15 2
No breast milk expression  Breast milk expression

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Demicri 2022 15 18 15 16 6.4% 0.89[0.70, 1.13]

Forster 2017 235 284 233 286 93.6% 1.02[0.94, 1.10]

Total (95% CI) 302 302 100.0% 1.01 [0.94, 1.08]

Total events 250 248

Heterogeneity: Chiz = 1.07, df = 1 (P = 0.30); = 7%
Test for overall effect: Z=0.20 (P = 0.84)

Fig. 4 Breast milk expression and breastfeeding outcomes

donor human milk (DHM) and 7.8 mg/dL when fed
formula. In contrast, Harris et al. [39] reported a sig-
nificant increase in blood glucose concentration fol-
lowing formula feeds but no change in the blood
glucose concentration of hypoglycemic infants fed
mother’s EBM in the first 48 h after birth. This could
be because of the different sources of breast milk.
There have been concerns about the adequacy of vol-
ume and hence available calories of mother’s milk in
the first few days after birth, since lactation is often
not well established in this period [45]. For exam-
ple, Harris et al. [39] reported that the median breast
milk volume (0.5 mL/kg) available to feed infants was

. \ . )
05 07 1 15 2
No breast milk expression  Breast milk expression

substantially smaller than the median volume of for-
mula (4.5 mL/kg) given to the infants. Since the great-
est risk of neonatal hypoglycemia is in the first few
days after birth, when maternal lactation may not be
well established, to determine the effectiveness of EBM
in preventing and treating neonatal hypoglycemia,
future studies should consider the use of donor human
milk as a supplement to mother’s milk, if required.
Our finding that breast milk expression had no signifi-
cant effect on neonatal hypoglycemia may be surprising
because the expression of breast milk provides milk feeds
for the infant and also potentially improves the initiation
and establishment of lactogenesis [46]. The authors of
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the RCT [16] that reported this outcome, however, noted
that while the volume of milk expressed by mothers
ranged from zero to 905mls, the number of expressing
episodes ranged from one to 59 times. The wide variation
in these variables may be responsible for the reported
lack of benefit on neonatal hypoglycemia. Further studies
are needed to determine the optimal frequency of expres-
sion and breast milk volume required to potentially pre-
vent and treat neonatal hypoglycemia.

While the RCTs [16, 36] included in our review showed
with low certainty that maternal expression of breast
milk was not significantly associated with the separa-
tion of the infant from the mother for any treatment or
for the treatment of hypoglycemia, the included cohort
study [41] reported that infants whose mothers expressed
breast milk had more than a two-and-a-half times higher
risk of being separated from their mothers. The authors
of this cohort study attributed this to the lower gesta-
tional age at birth in the group of infants whose mothers
expressed breast milk. While it has been hypothesized
that the expression of breast milk causes the release of
oxytocin, which may lead to preterm birth, several other
studies have not shown a significant reduction in the ges-
tational age at birth of infants whose mothers expressed
breast milk antenatally compared to infants who did not
[16, 36, 40].

The NRSI [38] at high risk of bias showed a benefit of
antenatal expression of breast milk on exclusive breast-
feeding at discharge, and the RCT by Forster et al. [16]
reported that antenatal expression of breast milk is effec-
tive in achieving exclusive breast milk feeding in the first
24 h after birth. However, other included studies (RCTs)
showed neither benefit nor harm of antenatal breast milk
expression on exclusive breastfeeding until discharge,
or three-to-four months, or any breastfeeding at three-
to-four months, suggesting that any possible short-term
benefits of antenatal expression of breast milk on exclu-
sive breastfeeding do not persist after the first few days.

Our systematic review and meta-analysis has some
strengths. To the best of our knowledge, this is the first
systematic review to determine the effectiveness of EBM
and breast milk expression in preventing and treating
neonatal hypoglycemia, although these are widely recom-
mended and practised. As mechanisms that produce the
desired outcomes may differ for these two interventions
which are often linked, it is essential that studies on EBM
and its expression are considered separately, as these
are both recommended in many neonatal hypoglycemia
management guidelines. Similarly, we have identified
important knowledge and logistic gaps to be considered
in future studies that may be designed to determine the
effectiveness of EBM and the expression of breast milk in
preventing and treating neonatal hypoglycemia.

(2023) 9:12
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Our study also has limitations. Although some stud-
ies with variable risk of bias in our review reported the
prevalence of hypoglycemia, none were specifically
designed to determine the effectiveness of the interven-
tions for preventing and treating neonatal hypoglycemia.
This underscores the need for more focused, high-qual-
ity studies. Similarly, all studies we reviewed on breast-
feeding outcomes either had some concerns or were at
high risk of bias for these outcomes, and our findings on
breastfeeding outcomes need to be interpreted with this
in mind. Thirdly, many outcomes of interest (number and
severity of hypoglycemic episodes, injury attributable to
hypoglycemia on neuroimaging, cost of intervention, and
cost of neonatal care) were not reported in the included
studies. Hence, we could not synthesize any evidence on
these outcomes.

Conclusions

Given the few studies with variable risk of bias, we found
insufficient evidence for the effectiveness of EBM for the
prevention and treatment of neonatal hypoglycemia.
There is high certainty evidence that breast milk expres-
sion may not alter the risk of neonatal hypoglycemia, and
low certainty evidence of no benefit nor harm for the sep-
aration of the infant from the mother for any treatment
or the treatment of hypoglycemia. Further high-quality
RCTs are needed that are specifically designed to deter-
mine the effectiveness of EBM and breast milk expression
in preventing and treating neonatal hypoglycemia and
report on other important outcomes, including number
and severity of hypoglycemic episodes, injury attribut-
able to hypoglycemia on neuroimaging, cost of interven-
tion, and cost of neonatal care.
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