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ABSTRACT
Objective This study aimed to retrospectively analyse the 
influence of epidural labour analgesia (ELA) on delivery and 
maternal and neonatal outcomes in nulliparous women 
with gestational diabetes mellitus (GDM) using propensity 
score- matched analysis.
Design Retrospective cohort analysis.
Setting Primary care practices in a teaching hospital from 
March 2018 to October 2021.
Participants A total of 816 delivery records of nulliparous 
women with GDM were collected and retrospectively 
analysed.
Interventions ELA and non- ELA (NELA) cohorts were 
assessed.
Main outcome measure The primary outcome assessed 
was delivery type (spontaneous, assisted vaginal or 
caesarean). The secondary outcomes assessed included 
labour duration and maternal and neonatal outcomes.
Results A total of 137 propensity score- matched pairs 
of ELA and NELA patients were analysed. ELA was 
associated with a decreased rate of caesarean section 
(18.3% vs 46.0% in the ELA vs NELA cohort, respectively; 
p<0.05) and an increased occurrence of assisted vaginal 
delivery (35.8% vs 12.4% in the ELA vs NELA cohort, 
respectively; p<0.05). The duration of the first and 
total stages of labour was prolonged, the occurrence of 
postpartum fever increased, and the duration of hospital 
stay was shortened in those receiving ELA (all p<0.05). 
Additionally, neonatal birth weight, plasma glucose levels 
and neonatal macrosomia occurrence increased, while 
neonatal intensive care unit admissions and neonatal 
hypoglycaemia decreased in the ELA versus the NELA 
group (all p<0.05). With respect to other maternal and 
neonatal outcomes, both cohorts were similar.
Conclusions The use of ELA decreases the rate of 
caesarean section and improves maternal and neonatal 
outcomes in nulliparous women with GDM.
Trial registration number ChiCTR- 2000033091.

INTRODUCTION
Gestational diabetes mellitus (GDM) is 
defined as any degree of glucose intolerance or 
hyperglycaemia with onset or first recognition 

in the second or third trimester of pregnancy. 
The social and economic burden of the 
condition is significant.1 GDM is a common 
complication caused by insulin resistance 
due to contrainsulin hormones secreted by 
the placenta (oestrogen, cortisol and human 
placental lactogen) with advancing gestation. 
GDM affects approximately 10%–15% of all 
pregnancies worldwide and approximately 
17.5% of pregnancies in China.2 3 Since 
convincing clinical evidence has revealed 
that the development of GDM is associ-
ated with an increased risk of maternal and 
neonatal complications, ever- growing efforts 
from multidisciplinary collaborative teams 
have aimed to minimise complications and 
improve personalised healthcare standards 
and the comfort of women with GDM during 
labour.4 A large body of evidence suggests 
that epidural labour analgesia (ELA) is the 
global gold standard for pain relief during 
labour. ELA provides physical wellness, mini-
mises stress and provides pain relief in a 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Propensity score matching was used to assess pos-
sible imbalances in parameters considered when 
epidural labour analgesia (ELA) and non- epidural la-
bour analgesia (NELA) participants were compared.

 ⇒ ELA and NELA participants were matched based 
on age, gestational age, body mass index, risk 
factors and gestational diabetes mellitus (GDM) 
classification.

 ⇒ It is possible that non- included variables will remain 
confounding factors.

 ⇒ Given the retrospective nature of this study, the ef-
fects of additional confounders cannot be ruled out.

 ⇒ Studies that assess the impact of ELA on long- term 
outcomes of neonates and their mothers with GDM 
are needed.
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manner that is superior to alternatives in women without 
contraindications.5

Clinical evidence has clearly demonstrated that in 
normal pregnancies early or late initiation of epidural 
analgesia for labour has similar effects on instrumental 
birth risk, duration of the second stage of labour and risk 
of Apgar scores less than 7 at 1 and 5 min.6–8 However, 
in patients with a pathological condition such as GDM, 
clinical data are almost non- existent. Maternal GDM is an 
independent risk factor for fetal macrosomia, large- for- 
gestational- age fetuses, shoulder dystocia and neonatal 
injury.9 10 Given that mothers with GDM tend to have 
larger babies than those with normal pregnancies, it is 
likely that vaginal delivery in women with GDM will be 
more difficult, with correspondingly increased rates of 
instrumentally assisted delivery and conversion to urgent 
caesarean section. Therefore, an indwelling epidural 
catheter is a better choice for labour analgesia should a 
caesarean delivery become necessary.11 One recent retro-
spective study analysed factors associated with successful 
trial of labour after caesarean (TOLAC) among mothers 
with GDM and no prior vaginal delivery in comparison 
with TOLAC in mothers without GDM. The results 
indicated that ELA was independently associated with 
TOLAC success in mothers with GDM (adjusted OR 3.32, 
95% CI 1.31 to 8.69, p=0.011). Further, ELA was the only 
modifiable independent predictor of TOLAC success.12 
Considering that clinical evidence is not yet sufficient 
for researchers to determine whether use of ELA during 
labour positively or negatively affects maternal and 
neonatal outcomes, we conducted the current retrospec-
tive study to analyse labour outcomes associated with ELA 
in nulliparous women with GDM using propensity score 
matching.

METHODS
The study was registered at  ChiCTR. org. cn (ChiCTR- 
2000033091). The requirement for written informed 
consent was waived by the Institutional Ethics Committee. 
This manuscript adheres to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines.13

Participant selection
All nulliparous women with GDM and patient data in 
the electronic medical database were considered for 
inclusion in this retrospective study. Patients meeting the 
following inclusion criteria were included: aged 20–35 
years, singleton pregnancy and admitted to the Depart-
ment of Obstetrics and Gynecology between March 2018 
and October 2021. The diagnostic criteria for GDM 
employed in the study were as follows: (1) any diabetic 
symptoms (eg, excessive thirst, extreme hunger, frequent 
urination, unusual weight loss or increased fatigue) 
during pregnancy accompanied with a random plasma 
glucose level >11.1 mmol/L (200 mg/dL) if confirmed 
on a subsequent day; (2) a fasting plasma glucose 

level >7.0 mmol/L (126 mg/dL) if confirmed on a subse-
quent day; and (3) a plasma glucose level >10.0 mmol/L 
(180 mg/dL) 60 min after an oral glucose tolerance test 
using a 75 g glucose load at 24–28 weeks of gestation. For 
all hospitalised participants, plasma glucose levels were 
monitored daily and diabetes treatment regimens were 
followed according to the recommendations of a multi-
disciplinary team, if necessary. Parturients with evidence 
of accidental dural puncture with an epidural needle, 
failure in epidural administration or catheterisation, 
obstetric emergencies, or intrauterine neonatal demise 
were excluded.

Epidural labour analgesia
In the ELA cohort, ELA was not initiated until it was 
requested by the parturients and a comprehensive evalu-
ation was performed by the attending obstetrician. With 
standard monitoring, the epidural catheter was inserted 
at L2–L3 or L3–L4 in the lateral position by an experi-
enced anaesthesiologist using a standard sterile tech-
nique. An 18 G epidural needle (TuoRen, Henan Tuoren 
Medical Device, China) was used and the epidural space 
was identified using the loss of resistance technique. A 
20 G epidural catheter (TuoRen, Henan Tuoren Medical 
Device) was inserted 5 cm into the epidural space. 
Following a 3 mL test dose of 1% lidocaine with 1:200 000 
epinephrine, the epidural catheter was fixed. The stan-
dardised ELA protocol was initiated with 8–10 mL 0.1% 
ropivacaine and 0.5 µg/mL sufentanil. Thereafter, the 
same mixture was used for the programmed intermittent 
epidural bolus, with a dose of 5–8 mL intermittent bolus 
for every 45 min. The patient- controlled analgesia system 
was programmed to deliver a 5–8 mL bolus of local anaes-
thetic with a lockout interval of 20 min.

Data collection
The medical records of eligible parturients were manu-
ally reviewed. Parturients’ demographic and obstetric 
characteristics reviewed included the following: age, 
gestational age, height, weight, body mass index (BMI), 
high- risk factors (eg, overweight or obesity, family history 
of diabetes, maternal age >25 years, impaired glucose 
tolerance, polycystic ovary syndrome (PCOS), history of 
recurrent abortions, essential hypertension, pregnancy- 
related hypertension, pre- eclampsia or eclampsia) and 
classification (A1: a fasting plasma glucose level <5.8 
mmol/L (105 mg/dL) and a 2- hour postprandial plasma 
glucose level <6.7 mmol/L (120 mg/dL) after receiving 
medical nutrition therapy and exercise; A2: a fasting 
plasma glucose level ≥5.8 mmol/L (105 mg/dL) and a 
2- hour postprandial plasma glucose ≥6.7 mmol/L (120 
mg/dL) after receiving medical nutrition therapy and 
exercise, and initiation of insulin therapy). Anaesthetic 
characteristics including the date and time of ELA, type 
and dose of epidural medication administered, pain 
rating before and after ELA evaluated using a 10- point 
Numeric Rating Scale, and the need for additional anal-
gesia were noted. Delivery outcomes, including mode of 
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delivery (spontaneous, assisted vaginal, caesarean), and 
duration of the first, second and total stages of labour 
were recorded. Maternal outcomes including blood loss 
during and 2- hour after delivery, length of stay after 
delivery, and any complications during and after delivery 
were analysed. Neonatal outcomes considered included 
the following: birth weight, plasma glucose level, occur-
rence of an Apgar score <7 at 1 and 5 min after birth, rate 
of neonatal macrosomia, and neonatal intensive care unit 
(NICU) admission.

Outcome measurement
The primary outcome assessed was delivery mode. The 
secondary outcomes considered included duration of 
labour as well as the maternal and neonatal outcomes 
described in the Data collection section.

Sample size calculation
An overall caesarean section rate of 47.1% in women 
with GDM was assumed for both cohorts, based on 
recent average 3- year statistical data of Fujian Provincial 
Hospital, which was close to the 46.2% rate reported in a 
domestic survey and the WHO.14 15 In addition, the infe-
riority margin was set at 20%, α at 0.05 and β at 0.20, 
yielding a power of 80%. Therefore, to demonstrate that 
there was a statistical difference between patients who did 
and did not undergo ELA, a total of 255 patients were 
determined to be required for researchers to be 80% sure 
that the upper limit of a two- sided 95% CI would exclude 
a difference more than 20% in favour of the ELA cohort, 
assuming a loss to follow- up rate of 20%.

Propensity score-matched analysis
Propensity score matching is a method that is used to 
minimise selection bias when estimating causal inter-
ventional effects in non- randomised controlled trials.16 
‘Intervention’ (eg, ELA) and ‘control’ (eg, non- ELA 
(NELA)) cohorts are paired based on characteristics 
that would otherwise confound between- group compari-
sons. Once a matched cohort has been formed, interven-
tional effects can be estimated by directly comparing the 
outcomes of the intervention and the control group.17 
In the current study, propensity scores were developed, 
accounting for all factors significantly associated with ELA 
occurrence via logistic regression analysis. Accordingly, 
individual propensity scores were calculated using logistic 
regression modelling based on the following five covari-
ates for demographic and obstetric characteristics: age, 
gestational age, BMI, risk factors (eg, being overweight or 
obese, family history of diabetes, maternal age >25 years, 
impaired glucose tolerance, PCOS, history of recurrent 
abortions, essential hypertension, pregnancy- related 
hypertension, pre- eclampsia or eclampsia) and GDM clas-
sification. ELA and NELA parturients were then paired 
1:1 using exact propensity score matching. A standard 
calliper size of 0.2 × log (SD of the propensity score) was 
used. Standardised differences were estimated before 
and after matching to evaluate the balance of covariates. 

These analyses revealed small absolute values (<10%), 
indicating a balanced baseline between the two cohorts.

Data analysis
Demographic characteristics, obstetric characteris-
tics, and delivery, maternal and neonatal outcomes are 
presented as mean±SD or median (M) (IQR) for contin-
uous variables, and absolute number (percentage) for 
categorical variables. Following 1:1 propensity score 
matching, McNemar’s test was performed to evaluate 
categorical variables for univariate comparisons and 
pooled using ORs with corresponding 95% CIs. Alterna-
tively, a paired t- test and a Wilcoxon rank- sum test were 
used for normally and non- normally distributed contin-
uous variables, respectively. Thereafter, backward logistic 
regression analysis identified covariates associated with 
the use of ELA (p<0.05 for entry and p>0.10 for removal). 
Propensity score- matched analysis was performed using 
IBM SPSS Statistics V.22 software and data were analysed 
with GraphPad Prism V.8.0 for Windows (GraphPad Soft-
ware, San Diego, California, USA; www.graphpad.com). 
All p values presented were two- sided and values <0.05 
were considered statistically significant.

Patient and public involvement
Neither patients nor the public were involved in the 
design, conduct, reporting or dissemination of this study.

RESULTS
A flow chart summarising participant inclusion is detailed 
in figure 1. In addition, comparisons of demographic and 
obstetric characteristics among ELA and NELA cohorts 
before and after propensity score matching are presented 
in table 1. Before propensity score matching, 816 parturi-
ents, 149 in the ELA cohort (18.3%) and 667 in the NELA 
cohort (81.7%), met the criteria for inclusion in the 
study. To better control for confounders regarding the 
selection of patients undergoing ELA, parturients were 
matched 1:1 based on the demographic and obstetric 
characteristics of the unmatched cohort. The propensity 
score- matched cohort from the primary analysis included 
274 patients: 137 in the ELA cohort (50.0%) and 137 in 
the NELA cohort (50.0%). Previously observed covariate 
imbalances between cohorts with respect to age, height, 
BMI and risk factors associated with GDM, including 
elevated BMI and older maternal age, were diminished 
after matching absolute standardised differences to <10% 
for all covariates.

Comparisons of delivery and maternal and neonatal 
outcomes between the NELA and ELA cohorts after 
propensity score matching are presented in table 2. 
After propensity score matching, there was a markedly 
decreased occurrence of caesarean section and a signifi-
cantly increased occurrence of assisted vaginal delivery in 
the ELA versus the NELA cohort. No between- matched 
cohort differences in spontaneous delivery and the 
second stage of labour were observed. In addition, the 

www.graphpad.com
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ELA cohort had an increased duration of the first and 
total stages of labour.

Maternal and neonatal outcomes of matched cohorts 
were also compared. Blood loss during and 2 hours after 
delivery was significantly reduced and length of stay was 
shortened in the ELA versus the NELA cohort; however, 
there was an increased occurrence of postpartum fever 
(defined as body temperature above 38°C during the 
postpartum period) in the ELA versus the NELA cohort. 
Further, when the ELA and NELA groups were compared, 
no significant between- cohort differences were observed 
in terms of consumption of oxytocin, application of 
lateral episiotomy, or other complications including post-
partum haemorrhage, infection, deep venous thrombosis 
or amniotic fluid embolism.

Significantly increased neonatal birth weight and occur-
rence of neonatal macrosomia as well as decreased NICU 
admissions rates were observed when the ELA cohort was 
compared with the NELA cohort. Significantly increased 
neonatal plasma glucose and decreased occurrence of 
neonatal hypoglycaemia were also observed when the 
ELA cohort was compared with the NELA cohort. The 
ELA cohort had non- inferior outcomes when compared 
with the NELA cohort in terms of occurrence of an Apgar 
score <7 at 1 and 5 min after birth, and other neonatal 
complications including hyperbilirubinaemia, neonatal 
respiratory distress syndrome and perinatal mortality.

The logistic regression of cohorts of nulliparous women 
with GDM who underwent caesarean section is presented 
in table 3. Variables that significantly varied via univar-
iate comparisons of maternal and neonatal outcomes of 
the ELA and NELA cohorts were entered into a multi-
variable model to identify predictors of caesarean section. 
Increased neonatal birth weight (OR 1.8, 95% CI 1.1 to 
3.1; p=0.04) was independently associated with under-
going caesarean section. Notably, receiving ELA (OR 0.2, 
95% CI 0.1 to 0.4; p<0.001) and elevated neonatal plasma 
glucose levels (OR 0.6, 95% CI 0.5 to 0.8; p<0.001) were 

independently associated with reduced occurrence of 
caesarean section.

DISCUSSION
This study demonstrated that the use of ELA decreased 
the rate of caesarean section and improved maternal 
and neonatal outcomes (blood loss reduction, shortened 
length of stay, and decreased neonatal hypoglycaemia 
and NICU admission rates) in 137 pairs of matched 
nulliparous women with GDM. To comprehensively 
control for biases associated with the selection of partic-
ular demographic and obstetric characteristics for ELA, 
we matched ELA and NELA parturients using a propen-
sity score matching method. Logistic regression analysis 
also revealed that an increased neonatal birth weight was 
independently associated with undergoing caesarean 
section, while receiving ELA and an increased neonatal 
plasma glucose level were associated with reduced occur-
rence of caesarean section.

Epidural analgesic techniques are widely used as the 
gold standard for labour analgesia, with advantages 
that include high level of effectiveness, consistent anal-
gesia and high level of patient satisfaction.5 However, it 
remains uncertain whether women with medical preg-
nancy complications, including GDM, who use ELA are 
at increased risk of undergoing caesarean section or 
instrumental delivery, negative maternal and neonatal 
outcomes, or severe complications.

Theoretically, ELA using local anaesthetics prolongs 
the first stage of labour by decreasing the intensity and 
frequency of uterine contractions in women with normal 
pregnancies; however, whether ELA prolongs the first 
stage of labour and increases the risk of emergency 
caesarean section for dystocia, as well as the incidence of 
instrumental delivery, remains debatable,18 19 especially 
in nulliparous women with GDM. Discrepancies with 
previously published data are likely due to variations in 

Figure 1 Overview of the patient inclusion and exclusion criteria applied in this study. ELA, epidural labour analgesia; GDM, 
gestational diabetes mellitus; NELA, non- epidural labour analgesia.
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analgesic strategy. This includes the method of ELA used 
(epidural, spinal and combined spinal- epidural), as well 
as the categories, dosages and concentrations of local 
anaesthetics and/or opioids administered.6 20–24

Interestingly, ELA is also associated with an increased 
rate of fever during labour.25 Similarly, we also found the 
incidence of fever increased in the ELA group compared 
with that of patients who did not receive ELA in the 
present study. Although the mechanisms by which intra-
partum fever develops as a result of ELA remain unclear, 
numerous studies suggest that maternal fever during 
delivery may be a consequence of non- infectious inflam-
matory resulting from central neuraxial blockade.26–28 
Fever during labour with ELA may be associated with 
adverse maternal outcomes and increased risk of neonatal 
complications. Recent studies have shown that among 
those receiving ELA, women who developed intrapartum 
fever had a significantly longer first stage of labour and a 
higher incidence of caesarean deliveries, assisted vaginal 

delivery, intrapartum haemorrhage and turbid amniotic 
fluid than those with no intrapartum temperature eleva-
tion.29 Other studies indicated that neonates of women 
who developed intrapartum fever were at increased risk 
of hypotonia, assisted ventilation, reduced 1 and 5 min 
Apgar scores, and early- onset seizures when compared 
with neonates of women with no intrapartum tempera-
ture elevation.29–31 However, considering the limited 
sample size of the subgroup of mothers with ELA who 
developed intrapartum fever, the data in the present 
study cannot reach statistical significance.

In women with GDM, neonatal complications including 
macrosomia, neonatal hypoglycaemia, hyperbiliru-
binaemia, neonatal respiratory distress syndrome and 
increased perinatal mortality are associated with a high 
risk of adverse events.32 Our results show that mothers 
with GDM who chose ELA have an increased incidence of 
macrosomia versus those who did not. Possible reasons for 
this finding are that women with macrosomia experience 

Table 1 Comparison of the demographic and obstetric characteristics of the ELA and NELA cohorts before and after 
propensity score matching

Variables

Before propensity score matching After propensity score matching

ELA (n=149) NELA (n=667) P value ELA (n=137) NELA (n=137) P value

Age (years) 28.6±3.2 28.8±3.8 0.04 28.6±3.2 28.7±3.4 0.97

Gestational age (weeks) 39.1±1.4 39.3±1.8 0.22 39.1±1.3 39.1±1.1 0.90

Height (cm) 159.8±4.7 156.0±6.3 0.05 159.8±4.7 159.4±4.8 0.52

Weight (kg) 67.7±9.3 67.1±8.9 0.34 67.7±9.1 67.3±8.7 0.72

BMI (kg/m2) 26.5±3.1 26.7±3.2 0.04 26.4±3.1 26.3±3.0 0.80

Risk factors

Obesity (kg/m2) 0.08 0.58

  25.0≤BMI<29.9 63 (42.3) 346 (51.9) 56 (55.9) 59 (55.9)

  30.0≤BMI<34.9 19 (12.8) 91 (13.6) 16 (9.0) 15 (8.5)

  BMI ≥40 2 (1.3) 13 (2.0) 1 (0.6) 0 (0.0)

Maternal age (years) 0.02 0.68

  18≤age<25 19 (12.8) 88 (13.2) 16 (9.0) 14 (7.9)

  25≤age<30 92 (61.7) 324 (48.6) 87 (60.5) 84 (58.8)

  30≤age<35 31 (20.8) 206 (30.9) 27 (26.6) 27 (26.6)

  Age ≥35 7 (4.7) 49 (7.4) 7 (4.0) 12 (6.8)

Complications

  Impaired glucose tolerance 49 (32.9) 218 (32.7) >0.99 45 (32.9) 43 (31.4) 0.80

  Family history of diabetes 83 (55.7) 414 (62.1) 0.16 81 (59.1) 80 (58.4) 0.90

  PCOS 6 (4.0) 41 (6.2) 0.44 4 (2.9) 4 (2.9) >0.99

  History of recurrent abortions 11 (8.0) 45 (6.8) 0.72 6 (4.4) 6 (4.4) >0.99

  History of essential or pregnancy- 
related hypertension, pre- eclampsia 
and eclampsia

12 (8.1) 73 (10.9) 0.37 11 (8.0) 12 (8.8) 0.83

Classification 0.22 0.70

  A1 131 (87.9) 608 (91.2) 122 (89.1) 124 (89.1)

  A2 18 (12.1) 59 (8.9) 15 (11.0) 13 (11.0)

BMI, body mass index; ELA, epidural labour analgesia; NELA, non- epidural labour analgesia; POCS, polycystic ovary syndrome.
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sharper labour pain and more severe stress during delivery 
than those without; thus, women with macrosomia were 
more willing to undergo ELA than those without. More-
over, mothers with GDM who chose ELA were at decreased 
risk of neonatal hypoglycaemia and NICU admission. A 
previous study reported that although well- controlled 
GDM has potentially significant detrimental effects on 
the fetal acid- base status at birth in uncomplicated preg-
nancies and deliveries, ELA reduces cord arterial glucose 
and lactate.33 Maternal hyperglycaemia leads to neonatal 
hyperinsulinaemia and increased utilisation of glucose, 

Table 2 Comparison of delivery and maternal and neonatal outcomes among ELA and NELA cohorts after propensity score 
matching

Outcomes ELA (n=137) NELA (n=137) P value

Delivery

Mode of delivery <0.001

  Spontaneous 63 (46.0) 57 (41.6) 0.47

  Assisted vaginal 49 (35.8) 17 (12.4) <0.001

  Caesarean 25 (18.3) 63 (46.0) <0.001

Stage of labour (min)

  First stage of labour 532.9±202.7 411.3±160.4 <0.001

  Second stage of labour 57.5±31.4 53.1±31.9 0.41

  Total duration of labour 591.7±214.9 465.9±161.9 <0.001

Maternal

  Blood loss (mL) 287.2±89.3 319.9±103.4 0.005

  Total dose of oxytocin (IU) 14.7±5.0 14.1±5.1 0.28

  Lateral episiotomy 39/112 (34.8) 17/74 (23.0) 0.10

  Length of stay (days) 3.9±1.1 5.1±1.6 <0.001

Maternal complications

  Maternal fever 31 (22.6) 14 (10.2) 0.01

  Postpartum haemorrhage 1 (0.7) 2 (1.5) >0.99

  Infection 0 (0.0) 1 (0.7) >0.99

  DVT 1 (0.7) 4 (2.9) 0.37

  Amniotic fluid embolism 0 (0.0) 1 (0.7) >0.99

Neonatal

  Birth weight (kg) 3.5±0.6 3.3±0.5 <0.001

  Plasma glucose level (mmol/L) 5.5±1.9 4.9±1.7 0.01

Apgar score <7 points

  At 1 min after birth 16 (11.7) 14 (10.2) 0.85

  At 5 min after birth 6 (4.4) 7 (5.1) >0.99

Neonates transferred to NICU 11 (8.0) 26 (19.0) 0.01

Neonatal complications

  Macrosomia 28 (20.4) 11 (8.0) 0.005

  Neonatal hypoglycaemia 5 (3.7) 16 (11.7) 0.02

  Hyperbilirubinaemia 47 (34.3) 44 (32.1) 0.80

  Neonatal respiratory distress syndrome 3 (2.2) 7 (5.1) 0.33

  Perinatal mortality 0 (0.0) 0 (0.0) >0.99

DVT, deep venous thrombosis; ELA, epidural labour analgesia; NELA, non- epidural labour analgesia; NICU, neonatal intensive care unit.

Table 3 Logistic regression for cohorts of nulliparous 
women with GDM undergoing caesarean section

Variables OR 95% CI P value

Larger neonatal birth 
weight

1.8 1.1 to 3.1 0.04

Receiving ELA 0.19 0.09 to 0.41 <0.001

Higher neonatal 
plasma glucose

0.56 0.45 to 0.75 <0.001

ELA, epidural labour analgesia; GDM, gestational diabetes mellitus.



7Chen Y, et al. BMJ Open 2022;12:e060245. doi:10.1136/bmjopen-2021-060245

Open access

and hence increased neonatal adipose tissue, according 
to Pedersen’s hypothesis.34 After delivery, neonates main-
tain a high level of insulin, while they no longer have a 
high level of plasma glucose from their mothers, resulting 
in neonatal hypoglycaemia. However, since labour pain is 
diminished and delivery stress is reduced after initiating 
ELA, maternal hyperglycaemia is more easily controlled, 
resulting in alleviation of neonatal hypoglycaemia and 
reduced occurrence of neonatal hypoglycaemia.

Although substantial effort was devoted to controlling 
for selection bias via the use of propensity score- matched 
analysis, the study has some limitations that should be 
emphasised. First, we should recognise the potential for 
selection bias since the decision to use ELA is rarely made 
at random. ELA is more likely to be used when labour is 
particularly long or painful, especially when there is an 
increased likelihood that operative intervention will be 
needed. Second, although obstetricians conformed to the 
guidelines that strictly describe indications for assisted 
vaginal delivery and caesarean section, some differences 
among individual caregivers in clinical practice may occur 
since guideline interpretation may vary among individ-
uals. Finally, it was determined that the cohort would 
require 128 matched pairs (256 total) to demonstrate 
the superiority of ELA to NELA (power=80%, α=0.05). 
Moreover, we also provided the posteriori calculation that 
according to the 46.0% of caesarean section rate in the 
subgroup of patients who had no epidural analgesia, a 
total of 248 patients should be determined to be required 
to be 80% sure, assuming a loss to follow- up rate of 20%. 
However, only 112 and 74 parturients in the ELA and 
NELA cohorts, respectively, had delivery and maternal 
outcome data regarding stage of labour and occurrence 
of lateral episiotomy since other parturients underwent 
caesarean section. Therefore, the analysis is slightly 
underpowered. Future prospective randomised clinical 
trials with sample sizes sufficient for providing adequate 
power will be indispensable for determining whether ELA 
improves delivery and maternal and neonatal outcomes 
in nulliparous women with GDM.

To the best of our knowledge, the current study is the 
first of its kind to compare delivery characteristics and 
maternal and neonatal outcomes in parturients with 
GDM who did and did not receive ELA using a propen-
sity score matching methodology. Our findings demon-
strate that the use of ELA decreases the occurrence of 
caesarean sections and improves maternal and neonatal 
outcomes in nulliparous women with GDM.

Author affiliations
1Department of Anaesthesiology, Fujian Provincial Jinshan Hospital, Fuzhou, 
China
2Department of Anaesthesiology, Southern Medical University Nanfang Hospital, 
Guangzhou, China
3Department of Anaesthesiology, Fujian Medical University, Fuzhou, China
4Department of Anaesthesiology and Perioperative Medicine, Shanghai Fourth 
People’s Hospital Affiliated to Tongji University, Shanghai, China
5Clinical Research Centre for Anaesthesiology and Perioperative Medicine, Shanghai 
Fourth People’s Hospital Affiliated to Tongji University, Shanghai, China

Acknowledgements The authors would like to thank all parturients with GDM who 
participated in the study and appreciate the efforts of staff from the Department of 
Anaesthesiology, Jinshan Branch of Fujian Provincial Hospital, and Fujian Provincial 
Hospital for project implementation and data collection. The authors would also 
like to thank master’s degree candidates from the Department of Anaesthesiology, 
Jinshan Branch of Fujian Provincial Hospital for their great contribution to data 
collection and entry.

Contributors YuC and XinY conceived the study, designed the experiments, 
interpreted and analysed the data, and wrote the manuscript. HaW, XueY and XiaY 
conceived the study. HuW, XW and YaC designed the experiments, supervised 
the work and edited the manuscript. All authors have read and approved this 
manuscript prior to submission. HuW is the study guarantor.

Funding This work was partly supported by the National Natural Science 
Foundation of China (NSFC 81701091, 81870828 and 81801101) and the Joint 
Funds for the Innovation of Science and Technology, Fujian Province (2020Y9102 
and 2020Y9029). The funders had no role in the study design, data collection and 
analysis, decision to publish, or manuscript preparation.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by 
the Institutional Ethics Committee (IEC) of Fujian Provincial Hospital (no: K2020- 
04- 047). The waiver of written informed consent was allowed by the IEC.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. All data 
relevant to the study are included in the article.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Huanghui Wu http://orcid.org/0000-0003-0128-9929

REFERENCES
 1 Plows JF, Stanley JL, Baker PN, et al. The pathophysiology of 

gestational diabetes mellitus. Int J Mol Sci 2018;19:19113342. 
doi:10.3390/ijms19113342

 2 Law KP, Zhang H. The pathogenesis and pathophysiology of 
gestational diabetes mellitus: deductions from a three- part 
longitudinal metabolomics study in China. Clin Chim Acta 
2017;468:60–70.

 3 Kautzky- Willer A, Harreiter J, Winhofer- Stöckl Y, et al. [Gestational 
diabetes mellitus (Update 2019)]. Wien Klin Wochenschr 
2019;131:91–102.

 4 Buchanan TA, Xiang AH, Page KA. Gestational diabetes mellitus: 
risks and management during and after pregnancy. Nat Rev 
Endocrinol 2012;8:639–49.

 5 Hawkins JL. Epidural analgesia for labor and delivery. N Engl J Med 
2010;362:1503–10.

 6 Kearns RJ, Shaw M, Gromski PS, et al. Association of epidural 
analgesia in women in labor with neonatal and childhood outcomes 
in a population cohort. JAMA Netw Open 2021;4:e2131683.

 7 Zhang L, Hu Y, Wu X, et al. A systematic review and meta- analysis 
of randomized controlled trials of labor epidural analgesia using 
moderately high concentrations of plain local anesthetics versus 
low concentrations of local anesthetics with opioids. J Pain Res 
2021;14:1303–13.

 8 Wang T- T, Sun S, Huang S- Q. Effects of epidural labor analgesia with 
low concentrations of local anesthetics on obstetric outcomes: a 
systematic review and meta- analysis of randomized controlled trials. 
Anesth Analg 2017;124:1571–80.

 9 Young BC, Ecker JL. Fetal macrosomia and shoulder dystocia in 
women with gestational diabetes: risks amenable to treatment? Curr 
Diab Rep 2013;13:12–18.

 10 Poblete JA, Olmos P. Obesity and gestational diabetes in pregnant 
care and clinical practice. Curr Vasc Pharmacol 2021;19:154–64.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0128-9929
http://dx.doi.org/10.3390/ijms19113342
http://dx.doi.org/10.1016/j.cca.2017.02.008
http://dx.doi.org/10.1007/s00508-018-1419-8
http://dx.doi.org/10.1038/nrendo.2012.96
http://dx.doi.org/10.1038/nrendo.2012.96
http://dx.doi.org/10.1056/NEJMct0909254
http://dx.doi.org/10.1001/jamanetworkopen.2021.31683
http://dx.doi.org/10.2147/JPR.S305838
http://dx.doi.org/10.1213/ANE.0000000000001709
http://dx.doi.org/10.1007/s11892-012-0338-8
http://dx.doi.org/10.1007/s11892-012-0338-8
http://dx.doi.org/10.2174/1570161118666200628142353


8 Chen Y, et al. BMJ Open 2022;12:e060245. doi:10.1136/bmjopen-2021-060245

Open access 

 11 Pani N, Mishra SB, Rath SK. Diabetic parturient - anaesthetic 
implications. Indian J Anaesth 2010;54:387–93.

 12 Levin G, Tsur A, Tenenbaum L, et al. Prediction of successful vaginal 
birth after cesarean in women with diabetic disorders and no prior 
vaginal delivery. Int J Gynaecol Obstet 2022;157:165–72.

 13 Cuschieri S. The STROBE guidelines. Saudi J Anaesth 2019;13:31–4.
 14 Meng Q, Xu L, Zhang Y, et al. Trends in access to health services 

and financial protection in China between 2003 and 2011: a cross- 
sectional study. Lancet 2012;379:805–14.

 15 Lumbiganon P, Laopaiboon M, Gülmezoglu AM, et al. Method of 
delivery and pregnancy outcomes in Asia: the who global survey on 
maternal and perinatal health 2007- 08. Lancet 2010;375:490–9.

 16 Reiffel JA. Propensity- Score matching: optimal, adequate, or 
incomplete? J Atr Fibrillation 2018;11:2130.

 17 Staffa SJ, Zurakowski D. Five steps to successfully implement and 
evaluate propensity score matching in clinical research studies. 
Anesth Analg 2018;127:1066–73.

 18 Halpern SH, Leighton BL, Ohlsson A, et al. Effect of epidural vs 
parenteral opioid analgesia on the progress of labor: a meta- analysis. 
JAMA 1998;280:2105–10.

 19 Cheng YW, Caughey AB. Defining and managing normal and 
abnormal second stage of labor. Obstet Gynecol Clin North Am 
2017;44:547–66.

 20 Sng BL, Zeng Y, de Souza NNA, et al. Automated mandatory bolus 
versus basal infusion for maintenance of epidural analgesia in labour. 
Cochrane Database Syst Rev 2018;5:CD011344.

 21 Hattler J, Klimek M, Rossaint R, et al. The effect of combined 
spinal- epidural versus epidural analgesia in Laboring women on 
Nonreassuring fetal heart rate tracings: systematic review and meta- 
analysis. Anesth Analg 2016;123:955–64.

 22 Smith LA, Burns E, Cuthbert A. Parenteral opioids for maternal 
pain management in labour. Cochrane Database Syst Rev 
2018;6:CD007396.

 23 Anim- Somuah M, Smyth RM, Cyna AM, et al. Epidural versus non- 
epidural or no analgesia for pain management in labour. Cochrane 
Database Syst Rev 2018;5:CD000331.

 24 Djaković I, Sabolović Rudman S, Košec V. Effect of epidural 
analgesia on mode of delivery. Wien Med Wochenschr 
2017;167:390–4.

 25 Jansen S, Lopriore E, Naaktgeboren C, et al. Epidural- related fever 
and maternal and neonatal morbidity: a systematic review and meta- 
analysis. Neonatology 2020;117:259–70.

 26 Sultan P, David AL, Fernando R, et al. Inflammation and epidural- 
related maternal fever: proposed mechanisms. Anesth Analg 
2016;122:1546–53.

 27 Seiler FA, Scavone BM, Shahul S, et al. Maternal fever associated 
with continuous spinal versus epidural labor analgesia: a single- 
center retrospective study. Anesth Analg 2022:5905. doi:10.1213/
ANE.0000000000005905

 28 Chai J, Jia L, Cao H, et al. Association of lymphocyte count and 
incidence of maternal fever in epidural analgesia- involved labor. Ann 
Transl Med 2020;8:1584.

 29 Zhao B, Li B, Wang Q, et al. The relationship between epidural 
analgesia and intrapartum maternal fever and the consequences for 
maternal and neonatal outcomes: a prospective observational study. 
J Matern Fetal Neonatal Med 2021:1–9.

 30 Ren J, Wang T, Yang B, et al. Risk factors and safety analyses for 
intrapartum fever in pregnant women receiving epidural analgesia 
during labor. Med Sci Monit 2021;27:e929283.

 31 Greenwell EA, Wyshak G, Ringer SA, et al. Intrapartum temperature 
elevation, epidural use, and adverse outcome in term infants. 
Pediatrics 2012;129:e447–54.

 32 Mitanchez D. Foetal and neonatal complications in gestational 
diabetes: perinatal mortality, congenital malformations, macrosomia, 
shoulder dystocia, birth injuries, neonatal complications. Diabetes 
Metab 2010;36:617–27.

 33 Beneventi F, Locatelli E, Cavagnoli C, et al. Effects of uncomplicated 
vaginal delivery and epidural analgesia on fetal arterial acid- base 
parameters at birth in gestational diabetes. Diabetes Res Clin Pract 
2014;103:444–51.

 34 Pedersen J. Weight and length at birth of infants of diabetic mothers. 
Acta Endocrinol 1954;16:330–42.

http://dx.doi.org/10.4103/0019-5049.71028
http://dx.doi.org/10.1002/ijgo.13736
http://dx.doi.org/10.4103/sja.SJA_543_18
http://dx.doi.org/10.1016/S0140-6736(12)60278-5
http://dx.doi.org/10.1016/S0140-6736(09)61870-5
http://dx.doi.org/10.4022/jafib.2130
http://dx.doi.org/10.1213/ANE.0000000000002787
http://dx.doi.org/10.1001/jama.280.24.2105
http://dx.doi.org/10.1016/j.ogc.2017.08.009
http://dx.doi.org/10.1002/14651858.CD011344.pub2
http://dx.doi.org/10.1213/ANE.0000000000001412
http://dx.doi.org/10.1002/14651858.CD007396.pub3
http://dx.doi.org/10.1002/14651858.CD000331.pub4
http://dx.doi.org/10.1002/14651858.CD000331.pub4
http://dx.doi.org/10.1007/s10354-016-0511-9
http://dx.doi.org/10.1159/000504805
http://dx.doi.org/10.1213/ANE.0000000000001195
http://dx.doi.org/10.1213/ANE.0000000000005905
http://dx.doi.org/10.21037/atm-20-1724
http://dx.doi.org/10.21037/atm-20-1724
http://dx.doi.org/10.1080/14767058.2021.1879042
http://dx.doi.org/10.12659/MSM.929283
http://dx.doi.org/10.1542/peds.2010-2301
http://dx.doi.org/10.1016/j.diabet.2010.11.013
http://dx.doi.org/10.1016/j.diabet.2010.11.013
http://dx.doi.org/10.1016/j.diabres.2013.12.019
http://dx.doi.org/10.1530/acta.0.0160330

	Delivery, maternal and neonatal outcomes in nulliparous women with gestational diabetes undergoing epidural labour analgesia: a propensity score-matched analysis
	Abstract
	Introduction
	Methods
	Participant selection
	Epidural labour analgesia
	Data collection
	Outcome measurement
	Sample size calculation
	Propensity score-matched analysis
	Data analysis
	Patient and public involvement

	Results
	Discussion
	References


