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Abstract
Background  Neonatal hypoglycaemia is the most common metabolic disorder in infants, and may be influenced by 
maternal glycaemic control. This systematic review evaluated the effect of intrapartum maternal glycaemic control on 
neonatal hypoglycaemia.

Methods  We included randomised controlled trials (RCTs), quasi-RCTs, non-randomised studies of interventions, 
and cohort or case-control studies that examined interventions affecting intrapartum maternal glycaemic control 
compared to no or less stringent control. We searched four databases and three trial registries to November 2023. 
Quality assessments used Cochrane Risk of Bias 1 or the Effective Public Health Practice Project Quality Assessment 
Tool. Certainty of evidence was assessed using the Grading of Recommendations, Assessment, Development and 
Evaluation (GRADE). Meta-analysis was performed using random-effects models analysed separately for women with 
or without diabetes. The review was registered prospectively on PROSPERO (CRD42022364876).

Results  We included 46 studies of women with diabetes and five studies of women without diabetes: one RCT, 
32 cohort and 18 case-control studies (11,273 participants). For women with diabetes, the RCT showed little to no 
difference in the incidence of neonatal hypoglycaemia between tight versus less tight intrapartum glycaemic control 
groups (76 infants, RR 1.00 (0.45, 2.24), p = 1.00, low certainty evidence). However, 11 cohort studies showed tight 
intrapartum glycaemic control may reduce neonatal hypoglycaemia (6,152 infants, OR 0.44 (0.31, 0.63), p < 0.00001, 
I2 = 58%, very low certainty evidence). For women without diabetes, there was insufficient evidence to determine the 
effect of tight intrapartum glycaemic control on neonatal hypoglycaemia.

Conclusions  Very uncertain evidence suggests that tight intrapartum glycaemic control may reduce neonatal 
hypoglycaemia in infants of women with diabetes. High-quality RCTs are required.
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Background
Neonatal hypoglycaemia is the most common meta-
bolic disorder in infants, with an incidence of 5–15% of 
all births [1–3]. At-risk populations include infants with 
large or small birthweights, born preterm, or to a mother 
with diabetes [2]. These at-risk infants have an incidence 
of hypoglycaemia of 50% [4]. As glucose is the primary 
oxidative substrate for brain metabolism, low glucose 
concentrations can lead to seizures, neurodevelopmental 
impairment and brain injury [2, 5].

Currently, the National Institute for Health and Care 
Excellence (NICE) guidelines recommend that intrave-
nous dextrose and an insulin infusion should be com-
menced at the start of labour for women with type 1 
diabetes, and for women with other types of diabetes if 
the blood glucose concentrations are not between 4.0 
and 7.0mmol/L [6]. This glycaemic range is also rec-
ommended in other national and international clinical 
practice guidelines [7–10]. The NICE guideline recom-
mendation was based on evidence from 8 observational 
studies published from 1985 to 2002, which found that 
babies of mothers with higher intrapartum blood glucose 
concentrations were at increased risk of neonatal hypo-
glycaemia [11–18]. The Joint British Diabetes Society 
for Inpatient Care has recommended target intrapartum 
glucose concentrations of 4.0-7.0mmol/L in women with 
diabetes receiving antenatal corticosteroids but, more 
recently, a more pragmatic target of 5.0-8.0mmol/L [19]. 
For women without diabetes, glucose concentrations 
usually remain stable during labour and insulin concen-
trations are depressed, although interventions during this 
time may alter glycaemia [20].

The evidence supporting tight intrapartum glycaemic 
control to reduce neonatal hypoglycaemia has been ques-
tioned [21–23]. A systematic review published in 2018 
found 6/23 studies reported a significant relationship 
between intrapartum glucose concentrations and neona-
tal hypoglycaemia whilst 12/23 found no significant rela-
tionship [22]. Since then, several additional studies have 
been published.

Since intrapartum glycaemic control usually involves 
insulin plus dextrose infusion coupled with regular moni-
toring of blood glucose concentrations, tight glycae-
mic control requires additional resources. Tight control 
may also increase the risk of adverse effects, including 
maternal hypoglycemia. Thus, it is crucial to determine 
the benefits and risks of this intervention. We undertook 
this systematic review to clarify the effect of intrapartum 
glycaemic control on neonatal hypoglycaemia among 
women with and without diabetes [24].

Methods
We conducted this review following the methodol-
ogy outlined in the Cochrane Handbook for Systematic 
Reviews of Interventions [25]. We prospectively regis-
tered this review protocol in Prospero (registration num-
ber CRD42022364876), and reported using the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) guidelines [26] [Supplementary Table 1, Addi-
tional file 1].

Search strategy and selection criteria
We searched MEDLINE (Ovid), Embase (Ovid), 
CINAHL Complete, and the Cochrane Central Regis-
ter of Controlled Trials (CENTRAL) from inception to 
November 30th, 2023. We also searched the Australian 
and New Zealand Clinical Trials Registry (https://www.
anzctr.org.au/), Clinical Trials (www.ClinicalTrials.gov) 
and the World Health Organisation (WHO) International 
Clinical Trials Registry Platform (ICTRP) Search Portal 
(https://apps.who.int/trialsearch/) to identify registered 
trials. Abstracts from conferences were included if they 
contained usable data. Reference lists of included studies 
were also screened [Additional File 2].

Inclusion criteria were published and unpublished 
randomised controlled trials (RCTs), quasi-RCTs, clus-
ter randomised trials, non-randomised studies of inter-
ventions, cohort, or case-control studies about pregnant 
women and their infants where the intervention was any 
intervention that changed intrapartum maternal glycae-
mia (investigator-defined), and the comparator was no 
intervention or interventions that resulted in less tight 
control of intrapartum maternal glycaemia. There were 
no restrictions on language or publication date.

The primary outcomes were neonatal hypoglycaemia 
and maternal hypoglycaemia (both investigator-defined). 
Secondary neonatal outcomes were hypoglycaemia (any 
blood glucose concentration < 2.6 mmol/L) during the 
initial hospital stay, severe hypoglycaemia (any blood glu-
cose concentration < 2.0 mmol/L or investigator-defined), 
receipt of treatment for hypoglycaemia during initial 
hospital stay (investigator-defined, any treatment includ-
ing oral dextrose gel, intravenous dextrose, or other drug 
therapy), number of episodes of hypoglycaemia (investi-
gator‐defined), hypoglycaemic injury on brain imaging, 
admission to special care nursery or neonatal intensive 
care nursery, admission to special care nursery or neo-
natal intensive care nursery for hypoglycaemia, stillbirth/
neonatal death, Apgar score < 7 at 5 min, respiratory dis-
tress syndrome (investigator-defined), breastmilk feed-
ing exclusively (infant only receives breast milk without 
any other drink or food) from birth to discharge, dura-
tion of initial hospital stay, adverse effects (investigator-
defined), and developmental impairment at follow-up 
(investigator-defined). Secondary maternal outcomes 

https://www.anzctr.org.au/
https://www.anzctr.org.au/
http://www.ClinicalTrials.gov
https://apps.who.int/trialsearch/
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were glycaemic control achieved (compliance with the 
glycaemic targets being used, investigator-defined), use 
of additional intrapartum pharmacological treatment 
for maternal glycaemic control, adverse effects of the 
intervention (investigator-defined), duration of labour, 
mode of birth (vaginal or caesarean birth), postpartum 
haemorrhage (investigator-defined), postpartum infec-
tion (investigator-defined), postnatal depression (inves-
tigator-defined), diabetic ketoacidosis, satisfaction with 
intrapartum treatment/care, costs associated with the 
intervention (investigator-defined), cost of maternal care, 
and cost of offspring care.

Data collection and analysis
Two reviewers (CU and LR) used Covidence [27] to inde-
pendently screen the titles and abstracts of identified 
records, determine eligibility for inclusion of full-text 
articles and extract the data onto a pre-specified data 
extraction form. Study outcomes, setting, inclusion and 
exclusion criteria, authors’ declaration of interest, fund-
ing sources, ethics approval, baseline characteristics and 
intervention and comparison details were all recorded. 
Articles not published in English were translated by a 
colleague or DeepL [28]. The risk of bias was assessed 
by two independent reviewers (CU and LR) using the 
Cochrane Risk of Bias 1 tool (RoB1) [29] for RCTs and 
quasi-RCTs and the Effective Public Health Practice Proj-
ect (EPHPP) Quality Assessment Tool for Quantitative 
Studies [30] for non-randomised studies, cohort studies, 
and case-control studies. Disagreements were resolved 
through discussion between the two reviewers or with a 
third reviewer (LL).

The certainty of evidence for each key outcome was 
assessed using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach 
[31] and the GRADEpro Guideline Development Tool 
(GDT) [32] was used to generate a summary of find-
ings table. Neonatal outcomes considered for GRADE 
assessment were neonatal hypoglycaemia (investigator-
defined), receipt of treatment for hypoglycaemia dur-
ing initial hospital stay, hypoglycaemic injury on brain 
imaging, special care nursery or neonatal intensive care 
nursery admission for hypoglycaemia, breastmilk feed-
ing exclusively from birth to discharge, duration of initial 
hospital stay, and developmental impairment at follow-
up. Maternal outcomes included for GRADE assess-
ment were maternal hypoglycaemia, glycaemic control 
achieved, use of additional intrapartum pharmacological 
treatment for maternal glycaemic control, adverse effects 
of the intervention, mode of birth, satisfaction with intra-
partum treatment/care, and costs associated with the 
intervention.

Statistical analysis
Meta-analysis was performed using RevMan 5.4.1 [33] 
or R [28]. We used random-effect models and calculated 
odds ratios (ORs) and relative risks (RRs) with 95% con-
fidence intervals (CIs) for dichotomous outcomes, and 
mean differences (MDs) with 95% CIs for continuous 
outcomes. R software was utilised to pool adjusted ORs 
for cohort and case-control studies. Statistical signifi-
cance for all models was denoted as p < 0.05. For studies 
that provided a lower quartile, median and upper quar-
tile or a minimum, maximum and median, the mean and 
standard deviation were estimated to include the data in 
the meta-analysis [34]. χ2 and I2 were calculated to iden-
tify statistical heterogeneity. Significant heterogeneity 
was an I2 > 50% and p < 0.10, in which case we explored 
possible causes in sensitivity analyses. For outcomes with 
more than 10 trials, publication bias was assessed using 
funnel plots. We planned to conduct subgroup analyses 
to see if the effect of intrapartum maternal glycaemic 
control differed for women with different types of diabe-
tes, infants born preterm versus at term, infants at risk of 
hypoglycaemia versus not at risk, and single versus mul-
tiple births. We constructed a characteristic of studies 
table to determine which studies were suitable for each 
synthesis [Supplementary Table 2, Additional File 3]. 
Unless stated, all analyses were prespecified.

Results
Searching identified a total of 15,251 records, of which 
8,713 were title and abstract screened following the 
removal of duplicates, and 536 full text records screened. 
Seven records could not be retrieved. Fifty-one studies 
from 62 records met inclusion criteria and were included 
in this review. Additionally, there were 21 records of 20 
ongoing studies (Fig. 1).

Among the 51 included studies, one was an RCT, eight 
were prospective cohort studies, 10 were retrospec-
tive cohort studies, 18 were case-control studies, and 14 
could not be included in the meta-analysis due to lack of 
a comparator group or raw data [Supplementary Table 2, 
Additional File 3]. The studies were conducted between 
1973 and 2023. According to the 2022 World Bank clas-
sification [35], the single RCT included was conducted 
in the US, a high-income country. In the remaining study 
designs, 45 studies were conducted in high-income coun-
tries, two in upper-middle-income countries, two in 
lower-middle-income countries, and one in a low-income 
country. Sample sizes ranged from 16 to 3,680 infants.

Risk of bias or quality of included studies
The single RCT was at high risk for performance bias 
(no blinding of participants or personnel) and low 
risk for all other domains (Fig.  2). Of the 50 remain-
ing studies, 13 were of strong quality overall, 17 were of 
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moderate quality, primarily due to weak methodology in 
confounder adjustment, and 20 were of weak quality due 
to weak methodology in two or more domains, largely 
confounder adjustment and data collection methods.

A: Women with diabetes
Primary outcome: neonatal hypoglycaemia
In the RCT, the target blood glucose concentration 
range was 3.9-5.6mmol/L in the tight intrapartum gly-
caemic control group, with point-of-care blood testing 
every hour, and short-acting insulin was initiated if glu-
cose concentrations were > 5.6mmol/L [21]. In the less 
tight control group, the target range of blood glucose 

concentration was 3.9-6.7mmol/L, with point-of-care 
testing every four hours and short-acting insulin was 
initiated if glucose concentrations were > 6.7mmol/L. 
Evidence from this RCT showed that tight intrapar-
tum glycaemic control compared with less tight control 
results in little to no difference in neonatal hypoglycae-
mia (76 infants, RR 1.00 (0.45, 2.24), p = 1.00, low cer-
tainty evidence, Fig. 3a).

Evidence from 11 cohort studies showed that tight 
glycaemic control may be associated with reduced neo-
natal hypoglycaemia, but the evidence is very uncertain 
(6,152 infants, OR 0.44 (0.31, 0.63), p < 0.0001, I2 = 58%, 
very low certainty evidence, Fig. 3b). Exclusion of Anwer 

Fig. 1  PRISMA flow diagram of included studies
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Fig. 2  Risk of bias assessment, summary and quality assessment. (A) Cochrane Risk of Bias tool 1 risk of bias graph: each domain is represented as a 
percentage for the single RCT. (B) Cochrane Risk of Bias tool 1 risk of bias summary graph for the single RCT included. (C) Effective Public Health Practice 
Project quality assessment graph for the 50 observational studies
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Fig. 3  Effect of tight compared to less tight or no intrapartum glycaemic control in women with diabetes on neonatal hypoglycaemia. (A) Results from 
one randomised controlled trial (B) Results from 11 cohort studies (C) Funnel plot for 11 cohort studies (D) Results from the forest plot for cohort studies 
reporting adjusted values (E) Results from 13 case control studies (F) Funnel plot for 13 case-control studies
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2021 [36], which showed no difference between groups, 
from the meta-analysis led to an I2 of 0%, suggesting that 
this study was an important contributor to heterogeneity. 
The funnel plot did not suggest bias due to small sample 
sizes (p for Egger’s test = 0.36, Fig. 3c). Evidence from five 
cohort studies reporting adjusted values were consistent 
in direction with the unadjusted values (5,615 infants, 
aOR 0.72 (0.52, 0.98), p = 0.04, I2 = 60.5%, Fig. 3d).

Evidence from 13 case-control studies showed little to 
no difference in maternal blood glucose concentrations 
between those with neonatal hypoglycaemia and those 
without, but the evidence is very uncertain (1,144 infants, 
MD 0.26 (-0.06, 0.59), p = 0.11, I2 = 43%, Fig.  3e). Exclu-
sion of Flores-Le Roux 2010 [37], which was the only 
study reporting increased neonatal hypoglycaemia with 
lower maternal glucose concentrations, reduced the I2 
value to 0%. The funnel plot did suggest bias due to small 
sample sizes (p for Egger’s test = 0.05, Fig. 3f ).

Twelve studies were not included in the meta-analysis 
as they did not contain any usable data (missing raw data 
or a comparison group). Seven studies [18, 23, 38–42] 
found no relationship between maternal intrapartum glu-
cose concentrations and neonatal hypoglycaemia. Five 
studies [43–48] found a positive relationship between 
maternal intrapartum glucose concentrations and neo-
natal hypoglycaemia. No studies found a negative asso-
ciation between maternal glucose concentrations and 
neonatal hypoglycaemia.

Primary outcome: Maternal hypoglycaemia
Evidence from the RCT showed that tight intrapartum 
glycaemic control may increase maternal hypoglycaemia 
(76 infants, RR 2.00 (0.54, 7.42), p = 0.30, low certainty 
evidence). Evidence from one cohort study is very uncer-
tain about the association between tight glycaemic con-
trol and maternal hypoglycaemia (52 infants, OR 0.13 
(0.01, 2.56), p = 0.18, very low certainty evidence). One 
case-control study found no cases of maternal hypogly-
caemia in mothers of infants with and without neonatal 
hypoglycaemia [49].

Secondary outcomes
Neonatal
The RCT reported that tight intrapartum glycaemic con-
trol has little to no effect on the receipt of treatment for 
hypoglycaemia, whereas evidence from observational 
studies suggest that tight glycaemic control may be asso-
ciated with a reduction in the receipt of treatment for 
hypoglycaemia [Additional File 4, Figure S2]. Evidence 
from the RCT found tight intrapartum glycaemic con-
trol has little to no effect on breastmilk feeding exclu-
sively from birth to discharge. Evidence from several 
observational studies found tight intrapartum glycaemic 
control may be associated with a reduction in severe 

hypoglycaemia [Additional File 4, Figure S1], admission 
to special care or neonatal intensive care nursery [Addi-
tional File 4, Figure S3], admission for hypoglycaemia, 
stillbirth/neonatal death, Apgar score < 7 at 5 min, respi-
ratory distress syndrome, duration of initial hospital stay, 
and adverse effects, and an increase in developmental 
impairment at follow-up, but the evidence is very uncer-
tain for all these outcomes (Table 1).

Maternal
In women managed using tight glycaemic control com-
pared to less tight/no glycaemic control, the RCT 
reported no effect on glycaemic control achieved, 
whereas evidence from two observational studies 
reported an associated increase in achieved glycaemic 
control, but the evidence is very uncertain. The RCT 
also reported no effect on additional intrapartum phar-
macological treatment and caesarean section, whereas 
the observational studies reported an increase for both 
these outcomes, although the evidence is very uncertain 
[Additional File 4, Figure S4 and S5]. The evidence is 
very uncertain about the effect of intrapartum glycaemic 
control on the duration of labour, with the RCT report-
ing decreased duration of labour and one observational 
study reporting an increase. One cohort study reported 
that tight intrapartum glycaemic control may be associ-
ated with an increase in post-partum haemorrhage, but 
the evidence is very uncertain (Table 1).

B: Women without diabetes
For women without diabetes, three cohort studies 
reported outcomes of interest, with only one providing 
data. The evidence from this one study is very uncertain 
about the effect of tight glycaemic control on neonatal 
hypoglycaemia (one study, 30 infants, OR 148.20 (6.45, 
3402.92), p = 0.002) and duration of labour (one study, 
30 infants, MD 1.20 (-0.68, 3.08), p = 0.21) [50]. Although 
data were unable to be used in meta-analysis, Hussein 
2014 reported that maternal blood glucose concentra-
tions at delivery were negatively associated with infant 
blood glucose concentrations at 2  h of age. There was 
no difference in maternal blood glucose concentrations 
between those who birthed by caesearean section or 
vaginally [51]. Additionally, one study reported that there 
was a significant correlation (p < 0.05) between maternal 
blood glucose concentrations at delivery > 6.67mmol/L 
and the chance of their infant developing low blood glu-
cose concentrations [52].

Subgroup analyses
Type of diabetes
We found no significant interaction between type of dia-
betes and the association between intrapartum maternal 
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glycaemic control and the incidence of neonatal hypogly-
caemia (p = 0.26 for interaction, Fig. 4).

Insufficient data were available for other planned sub-
group analyses.

Certainty of evidence (GRADE assessment)
Neonatal outcomes
For women with diabetes the certainty of the evidence 
for neonatal hypoglycaemia was assessed as low (RCT) 
and very low (observational studies). The certainty of 
evidence was assessed as low for the outcomes of treat-
ment for hypoglycaemia (RCT and observational studies) 
and breastmilk feeding exclusively (RCT). The certainty 

of the evidence was assessed as very low for special care 
nursery or neonatal intensive care nursery admission for 
hypoglycaemia (RCT and observational study), duration 
of hospital stay (observational study), and developmental 
impairment at follow-up (observational study) (Table 2). 
For women without diabetes, the certainty of evidence 
was assessed as very low for neonatal hypoglycaemia 
(observational study) (Table 3).

Maternal outcomes
For women with diabetes, the certainty of evidence for 
glycaemic control achieved was assessed as low (RCT) 
and very low (observational study). For hypoglycaemia, 

Table 1  Effect of tight versus looser intrapartum glycaemic control in diabetic women on secondary outcomes
Outcome Types and num-

bers of studies
Number of 
participants

RR/OR/MD (95% CI) P-value 
for overall 
effect

I2 for 
hetero-
geneity

Neonatal Outcomes
Severity of hypoglycaemia Cohort: 3 246 OR 0.18 (0.09, 0.38)a <0.0001 0%

Case-control: 6 555 MD 0.13 (-0.18, 0.45) mmol/Lb 0.40 0%
Receipt of treatment for hypoglycaemia during 
initial hospital stay

RCT: 1 76 RR 1.13 (0.67, 1.92) a 0.64 -
Cohort: 3 3,786 OR 0.38 (0.18, 0.80) a 0.01 32%
Case-control: 4 89 MD 0.92 (0.19, 1.65)mmol/Lb 0.01 25%

Admission to special care nursery or neonatal 
intensive care nursery

RCT: 1 76 RR 5.00 (0.61, 40.81) a 0.13 -
Cohort: 4 1,077 OR 0.45 (0.28, 0.74) a 0.00 19%

Special care nursery or neonatal intensive care 
nursery admission for hypoglycaemia

RCT: 1 76 RR 11.00 (0.63, 192.24) a 0.10
Cohort: 1 52 OR 0.06 (0.00, 1.08) a 0.06 -

Stillbirth/neonatal death Cohort: 1 100 OR 0.28 (0.04, 1.76) a 0.17 -
Apgar score < 7 at 5 min Cohort: 1 853 OR 0.39 (0.20, 0.76) a 0.01 -
Respiratory distress syndrome Cohort: 1 100 OR 0.08 (0.00, 1.82) a 0.11 -
Breastmilk feeding exclusively from birth to 
discharge

RCT: 1 76 RR 0.81 (0.51, 1.28) a 0.36 -

Duration of Initial hospital stay Cohort: 1 53 MD 0.00 (-3.36, 3.36) days a 1.00 -
Adverse effects* Cohort: 1 263 OR 0.61 (0.37, 1.03) a 0.06 -

Case-control: 1 261 MD -0.35 (-0.70, 0.00) mmol/Lb 0.05 -
Developmental impairment at follow-up Cohort: 1 131 OR 1.26 (0.58, 2.73) a 0.56 -
Maternal Outcomes
Glycaemic control achieved RCT: 1 76 RR 0.60 (0.44, 0.81) a 0.00 -

Cohort: 1 52 OR 2.98 (0.87, 10.16) a 0.08 -
Case-control: 1 3,680 OR 0.41 (0.32, 0.53)c 0.00 -

Use of additional intrapartum pharmacological 
treatment for maternal glycaemic control

RCT: 1 76 RR 12.00 (1.64, 87.77) a 0.01 -
Cohort: 3 1,701 OR 0.22 (0.03, 1.68) a 0.15 83%
Case-control: 1 410 OR 1.46 (0.73, 2.91) c 0.28 23%

Duration of labour RCT: 1 76 MD -0.02 (-1.39, 1.35) hours a 0.98 -
Cohort: 1 129 MD -3.30 (-5.86, -0.74) hours a 0.01 -

Mode of birth (caesarean section) RCT: 1 76 RR 0.78 (0.32, 1.87) a 0.58 -
Cohort: 4 1,759 OR 1.62 (1.10, 2.39) a 0.01 35%

Postpartum haemorhage Cohort: 1 100 OR 0.15 (0.01, 3.69) a 0.24 -
RCT: randomised controlled trial; CI: confidence interval; MD: mean difference; OR: odds ratio; RR: risk ratio; P-value: Probability-value
a Comparison between tighter intrapartum glycaemic control and less tight glycaemic control
b Comparison of maternal blood glucose concentrations for selected outcome
c Comparison between neonatal hypoglycaemia and no neonatal hypoglycaemia for selected outcome

* Adverse effects were defined in the cohort study as respiratory distress syndrome, hyperbilirubinemia, perinatal death, shoulder dystocia, and hypoglycaemia 
requiring treatment, and in the case-control study as respiratory disorders, feeding problems, symptomatic hypoglycaemia, bilirubinaemia requiring treatment and 
polycythaemia (haematocrit > 70%)
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the certainty of evidence was assessed as low (RCT) and 
very low (observational study). For the use of additional 
intrapartum pharmacological treatment, the certainty 
of evidence was assessed as low (RCT) and very low 
(observational studies). For mode of birth, the certainty 
of evidence was assessed as low (RCT and observational 
studies) (Table 2). For women without diabetes, no data 
were available for any GRADE outcomes.

Discussion
Summary of main results
In principle, tighter intrapartum maternal glycaemic con-
trol may reduce neonatal hypoglycaemia because high or 
variable maternal glucose concentrations may stimulate 
fetal pancreatic beta cells, leading to fetal hyperinsulinae-
mia. Once the infant is born, these high insulin concen-
trations, in the absence of an adequate glucose supply, 
can lead to hypoglycaemia [53]. Tight maternal intrapar-
tum glycaemic control may decrease the supply of glu-
cose across the placenta to the fetus and thus reduce the 
likelihood of neonatal hypoglycaemia [53, 54].

The evidence from this systematic review suggests that 
tight intrapartum maternal glycaemic control compared 
with less tight or no glycaemic control may be associated 
with reduced risk of neonatal hypoglycaemia. Although 
the one included RCT did not find a relationship between 
tighter intrapartum glycaemic control and neonatal 
hypoglycaemia, the majority of observational studies 
did find that tighter intrapartum glycaemic control may 
be associated with reduced risk of neonatal hypoglycae-
mia, and also with a decrease in severe hypoglycaemia, 
admission to special care nursery or neonatal inten-
sive care nursery and adverse effects, with no change in 

duration of initial hospital stay. However, the evidence is 
very uncertain because it is derived from only one small 
RCT and there was heterogeneity within the observa-
tional studies with almost half rated weak for methodol-
ogy overall.

With tighter intrapartum glycaemic control, there is 
the risk of maternal hypoglycaemia due to limited mater-
nal intake and use of insulin [55]. We found that tighter 
intrapartum maternal glycaemic control may increase 
maternal hypoglycaemia, although only three of the 51 
studies provided data on this outcome.

In addition, the evidence suggests tighter intrapartum 
glycaemic control is associated with an increase in use 
of additional pharmacological treatment and caesarean 
section delivery. Intrapartum glycaemic control usually 
involves intravenous or subcutaneous infusion of insulin 
[19, 56] which requires trained staff, frequent monitor-
ing, glucose and insulin therapy and equipment such as 
glucometers and infusion pumps which results in cost to 
the health sector [19, 57]. Financial analysis of the cost 
of intrapartum glycaemic control is yet to be under-
taken. However, one study included in this review stated 
that implementation of a redesigned care delivery pack-
age which incorporated both management during preg-
nancy and an intrapartum glycaemic control intervention 
reduced mean payer neonatal reimbursements by over 
$18,000USD per birth, and for every 10 days of the new 
programme, the mean neonatal intensive care unit length 
of stay decreased by 1 day [58]. Thus, the costs of addi-
tional maternal care may be balanced by the reduced 
costs of care for their infants, particularly those who 
develop neonatal hypoglycaemia.

Fig. 4  Tighter versus less tight intrapartum glycaemic control in women with gestational, type 1 and type 2 diabetes
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Recommendations about intrapartum glycaemic con-
trol may differ for women with different types of diabetes. 
In subgroup analysis we did not find that the association 
between glycaemic control and neonatal hypoglycaemia 
differed in women with different types of diabetes. How-
ever, this analysis included only two cohort studies each 
for women with gestational and type 2 diabetes, so our 

sample size and ability to draw a conclusion regarding the 
difference in diabetes type for this outcome was limited.

We undertook a separate analysis for women without 
diabetes. During active labour, glucose production rises 
due to raised hormones such as catecholamines, corti-
sol and glucagon [59]. Additionally, there is an increased 
demand for glucose with insulin concentrations 

Table 2  Certainty of evidence (GRADE assessment) for neonatal and maternal outcomes for women with diabetes
Outcomes Number of participants

(studies)
Follow-up

Certainty of the 
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects
Risk with stan-
dard care

Risk difference with 
tighter control

Neonatal hypoglycaemia 76
(1 RCT)

⨁⨁◯◯
Lowa

RR 1.00
(0.45 to 2.24)

237 per 1,000 0 fewer per 1,000
(130 fewer to 294 more)

6,152
(11 observational studies)

⨁◯◯◯
Very lowb, c

OR 0.44
(0.31 to 0.63)

225 per 1,000 112 fewer per 1,000
(136 fewer to 68 fewer)

Receipt of treatment for 
hypoglycaemia during initial 
hospital stay

76
(1 RCT)

⨁⨁◯◯
Lowa

RR 1.13
(0.67 to 1.92)

368 per 1,000 48 more per 1,000
(122 fewer to 339 more)

3,785
(3 observational studies)

⨁⨁◯◯
Lowb

OR 0.38
(0.18 to 0.80)

136 per 1,000 80 fewer per 1,000
(83 fewer to 55 fewer)

Special care nursery or neo-
natal intensive care nursery 
admission for hypoglycaemia

76
(1 RCT)

⨁◯◯◯
Very lowd

RR 11.00
(0.63 to 192.24)

0 per 1,000 0 fewer per 1,000
(0 fewer to 0 fewer)

52
(1 observational study)

⨁◯◯◯
Very lowa, b

OR 0.06
(0.00 to 1.08)

267 per 1,000 245 fewer per 1,000
(267 fewer to 15 more)

Breastmilk feeding exclusively 
from birth to discharge

76
(1 RCT)

⨁⨁◯◯
Lowa

RR 0.81
(0.51 to 1.28)

553 per 1,000 105 fewer per 1,000
(271 fewer to 155 more)

Duration of initial hospital 
stay

53
(1 observational study)

⨁◯◯◯
Very lowa, e

- The mean 
duration of initial 
hospital stay was 
4.67 days

0 days
(0 to 0)

Developmental impairment 
at follow-up

131
(1 observational study)

⨁◯◯◯
Very lowf

OR 1.26
(0.58 to 2.73)

359 per 1,000 55 more per 1,000
(114 fewer to 246 more)

Maternal Hypoglycaemia 76
(1 RCT)

⨁⨁◯◯
Lowa

RR 2.00
(0.54 to 7.42)

79 per 1,000 79 more per 1,000
(36 fewer to 507 more)

52
(1 observational study)

⨁◯◯◯
Very lowa, b

OR 0.13
(0.01 to 2.56)

133 per 1,000 114 fewer per 1,000
(132 fewer to 149 more)

Glycaemic control achieved 76
(1 RCT)

⨁⨁◯◯
Lowg

RR 0.60
(0.44 to 0.81)

921 per 1,000 368 fewer per 1,000
(516 fewer to 175 fewer)

52
(1 observational study)

⨁◯◯◯
Very lowa, b

OR 2.98
(0.87 to 10.16)

533 per 1,000 240 more per 1,000
(35 fewer to 387 more)

Use of additional intrapartum 
pharmacological treatment 
for maternal glycaemic 
control

76
(1 RCT)

⨁⨁◯◯
Lowg

RR 12.00
(1.64 to 87.77)

26 per 1,000 289 more per 1,000
(17 more to 2,283 more)

1,582
(3 observational studies)

⨁◯◯◯
Very lowb, h

OR 0.22
(0.03 to 1.68)

236 per 1,000 172 fewer per 1,000
(229 fewer to 70 fewer)

Mode of birth 76
(1 RCT)

⨁⨁◯◯
Lowa

RR 0.78
(0.32 to 1.87)

237 per 1,000 52 fewer per 1,000
(161 fewer to 206 more)

1,082
(3 observational studies)

⨁⨁◯◯
Low

OR 1.62
(1.10 to 2.39)

314 per 1,000 112 more per 1,000
(21 fewer to 208 more)

CI: confidence interval; MD: mean difference; OR: odds ratio; RCT: randomised controlled trial; RR: risk ratio

Explanations

a. Downgraded one level for imprecision due CI including both benefits and harm and one level for indirectness for a single study with small sample size

b. Downgraded one level for risk of bias due to quality assessment resulting in a spread of studies being weak or moderate

c. Downgraded one level for inconsistency due to substantial heterogeneity

d. Downgraded two levels for imprecision due wide CI including both benefits and harm and one level for indirectness for a single study with small sample size

e. Downgraded two levels for risk of bias due to quality assessment rating of weak for the study

f. Downgraded one level for imprecision due to CI including both benefits and harm

g. Downgraded one level for imprecision due to low event rate and one level for indirectness for a single study with small sample size

h. Downgraded two levels for inconsistency due to considerable heterogeneity
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suppressed during labour, balancing the supply of and 
demand for glucose [20]. However, interventions such as 
administration of antenatal corticosteroids or an intrave-
nous glucose infusion during caesarean section may alter 
maternal blood glucose concentrations. In light of this, 
we searched for evidence about the association between 
intrapartum glycaemia and neonatal hypoglycaemia in 
women without diabetes. We found insufficient evidence 
for any of the outcomes of interest in women without 
diabetes, perhaps in part because intrapartum glucose 
concentrations are rarely measured in these women.

Our findings are similar to those of an earlier system-
atic review, which compared the association between 
in-target (glucose 4.0-7.0mmol/L) versus out-of-target 
intrapartum maternal glycaemic control and the inci-
dence of neonatal hypoglycaemia. That review reported 
that this association varied, with 12 of 23 studies report-
ing no association and six showing a positive relation-
ship between in-target intrapartum control and neonatal 
hypoglycaemia [22]. The studies included in the previous 
systematic review also provided low-quality evidence, 
and the authors concluded that higher quality studies 
are needed before definitive conclusions can be drawn. 
Despite our inclusion of an additional 28 studies, this 
conclusion remains appropriate.

One possible reason for the heterogeneity observed 
for some outcomes may be the variation in both target 
and achieved intrapartum glucose concentrations. In 
the RCT, only the upper limit of the target range differed 
between groups (3.9-5.6mmol/L in the tight group and 
3.9-6.7mmolL in the less tight group) and the median 
achieved glucose concentration was similar in both 
groups (5.3mmol/L in the tight group and 5.4mmol/L in 
the less tight group). Thus, the lack of effect on neona-
tal hypoglycaemia reported in this RCT may have been 
due to the minimal differences between the groups in 
achieved maternal glycaemic control. The 11 cohort stud-
ies also used a variety of intrapartum glycaemic target 
ranges, and often compared groups with maternal glu-
cose concentrations within versus above a target range. 

There was also variability in the definition of neonatal 
hypoglycaemia, with many studies using a specific glu-
cose concentration (all < 2.6mmol/L) but some using 
requirement for intravenous dextrose treatment as the 
definition.

Single studies appeared to contribute to heterogene-
ity in some analyses. In the cohort meta-analysis, the 
observed heterogeneity for the outcome of neonatal 
hypoglycaemia was primarily due to one specific study 
(Anwer 2021 [36]). In this study, some participants had 
glucose measurements taken more than 2 h before birth, 
and these were more commonly in the tight glycaemic 
control group, whereas the protocol specified glucose 
measurements every 1–2 h during labour. This may have 
contributed to the findings of no difference in neonatal 
hypoglycaemia between groups, in contrast to all other 
cohort studies. In the case control meta-analysis, one 
study (Flores-Le Roux 2010 [37]) appeared to be the 
main source of heterogeneity, as it was the only study 
that showed a greater risk of neonatal hypoglycemia with 
lower maternal glucose concentrations, in contrast to all 
other case control studies. We did not find any explana-
tion for this difference.

Strengths and limitations of this review
A strength of this systematic review was the strong meth-
odological approach which involved a pre-registered 
protocol, broad search strategy, and use of standardised 
tools for evidence evaluations and statistical analysis. 
The included sample size was large (11,273 infants in 51 
studies), and studies were conducted in 18 countries, 
suggesting that the conclusions may be applicable across 
a variety of cultural settings, at least in high-income 
countries.

However, limited data were available for most of the 
outcomes of interest, and most planned sensitivity analy-
ses were not possible for this reason. In addition, seven 
studies were reported only in abstract format and with 
very limited detail available. There was also evidence of 
publication bias for some analyses. Only one study was 

Table 3  Certainty of evidence (GRADE assessment) for neonatal outcomes for women without diabetes
Outcomes Number of participants

(studies)
Follow-up

Certainty of the 
evidence
(GRADE)

Relative effect
(95% CI)

Anticipated absolute effects
Risk with standard 
care

Risk differ-
ence with 
tighter 
control

Neonatal hypoglycaemia 30
(1 observational study)

⨁◯◯◯
Very lowa, b

OR 148.20
(6.45 to 3402.92)

0 per 1,000 0 fewer 
per 1,000
(0 fewer to 
0 fewer)

CI: confidence interval; OR: odds ratio

Explanations

a. Downgraded one level for risk of bias due to moderate quality assessment rating of the study

b. Downgraded three levels for imprecision due to small sample size and wide CI
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carried out in a low-income country, potentially limiting 
the applicability of the findings to these regions.

Implications for future research and practice
We found weak evidence that intrapartum tighter gly-
caemic control may decrease the incidence of neonatal 
hypoglycaemia, with other associated neonatal benefits, 
although this may increase the incidence of intrapartum 
maternal hypoglycaemia. However, caution is required in 
interpretation of these outcomes due to the low to very 
low certainty in GRADE assessment. The optimal targets 
for tight glycaemic control and the balance of risks and 
benefits for the infant and mother are still unclear. More 
high-quality RCTs are required that report on achieved 
as well as target maternal glycaemia, report adverse 
effects for both mother and infant, and provide informa-
tion about women with different types of diabetes and 
women without diabetes. Measures of cost effectiveness 
and acceptability of the intervention are also required.
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