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Abstract

Aims/Background: Although the efficacy of labor analgesia in pain relief is well-established, its impact on labor progression and
maternal-neonatal outcomes remains inconclusive, particularly in parturients with gestational diabetes mellitus (GDM). This study aimed
to examine the effects of labor analgesia on labor progression, delivery mode, and neonatal outcomes in parturients with GDM, thereby
providing evidence to optimize clinical intervention strategies. Methods: A total of 201 GDM parturients meeting inclusion criteria
at Beilun District People’s Hospital of Ningbo City between 1 January 2023 and 31 December 2024, were retrospectively analyzed.
Participants were allocated to the observation group (labor analgesia, n = 111) or the control group (routine delivery, n = 90) based
on whether they received labor analgesia. Maternal clinical data, delivery mode, labor duration, maximum intrapartum temperature,
postpartum hemorrhage, neonatal Apgar scores, and other obstetric outcomes were compared and analyzed retrospectively. Statistical
analyses included independent sample t-tests, Mann–Whitney U test, Chi-squared tests, and Chi-squared correction. Results: Among
the 111 parturients receiving labor analgesia, the 2-hour capillary blood glucose variation during labor was significantly higher in the
epidural analgesia (EP) group compared with the combined spinal-epidural analgesia (CSEA) group (p< 0.001). The postpartum fasting
plasma glucose (FPG) difference was also significantly greater (p < 0.001). The numerical rating scale (NRS) score after EP in the
observation group was markedly lower than the pre-analgesia score (p < 0.001). The observation group demonstrated longer first and
second stages of labor (p < 0.05), lower 2-hourly glucose fluctuations, higher maximum intrapartum temperature (p < 0.05) and soft
tissue lacerations (p < 0.05), and increased rates of oxytocin use and episiotomy (p < 0.05). Furthermore, urinary ketone positivity,
FPG difference, and 2-hour postprandial blood glucose (2hPBG) difference were lower in the observation group (p < 0.05), whereas
postpartum day 1 C-reactive protein (CRP) levels were higher (p < 0.05). No significant differences were observed in delivery mode,
postpartum urinary retention, postpartum hemorrhage, neonatal clavicle fracture, neonatal transfer, or incidence of patent foramen ovale
and ductus arteriosus (p> 0.05). Conclusion: Labor analgesia effectively alleviates labor pain and stabilizes intrapartum blood glucose
fluctuations without increasing the risk of cesarean delivery or adverse maternal-neonatal outcomes. However, it may prolong labor
duration, elevate intrapartum temperature, and increase oxytocin use, as well as the rates of episiotomy and soft birth canal lacerations.
For GDM parturients receiving labor analgesia, close monitoring and management of blood glucose, uterine contractions, and labor
progression are essential to minimize potential risks associated with vaginal delivery.
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1. Introduction

Vaginal delivery remains a common mode of child-
birth that provides benefits to both mother and newborn.
Clinically, it is generally recommended for parturients
without medical indications for a cesarean section [1,2].
However, labor-induced uterine contractions often cause
severe pain, significantly impacting the physiological and
psychological well-being of parturients [3]. With advances
in anesthesia techniques, neuraxial labor analgesia has been
widely implemented in clinical practice. This central nerve
block approach has been shown to effectively alleviate la-
bor pain and enhance delivery comfort [4,5]. Nevertheless,

its influence on maternal and neonatal outcomes remains
controversial.

Most studies suggest that labor analgesia does not in-
crease the risk of adverse outcomes. For example, Mao
et al. [6] investigated 60 parturients undergoing vaginal
delivery and found that analgesia alleviated pain, lowered
adverse event rates, and improved satisfaction. Liu et al.
[7] demonstrated that labor analgesia effectively alleviated
pain without raising the risks of maternal or neonatal com-
plications. Fan et al. [8] demonstrated that ropivacaine
combinedwith dexmedetomidine or sufentanil significantly
reduced maternal visual analog scale (VAS) scores with a
favorable safety profile. Additionally, Kearns et al. [9] re-

https://www.imrpress.com/journal/BJHM
https://doi.org/10.31083/BJHM56149
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0004-0370-8650


Fig. 1. Flowchart of patient selection. Abbreviation: GDM, gestational diabetes mellitus.

vealed that labor analgesia reduced the risk of severe ma-
ternal morbidity (SMM) and advocated its use for high-risk
parturients to safeguard maternal health.

Gestational diabetes mellitus (GDM) is defined as glu-
cose metabolism abnormalities first identified or occur-
ring during pregnancy and is considered a major obstet-
ric risk factor [10]. Recent epidemiological studies reveal
that the global prevalence of GDM is increasing, affect-
ing more than 10% of pregnancies worldwide. The Inter-
national Association of the Diabetes and Pregnancy Study
Groups (IADPSG) recommends that all women without
pre-existing diabetes undergo a 75-g oral glucose tolerance
test (OGTT) at 24–28 weeks of gestation.

Labor pain triggers neuroendocrine stress responses,
leading to physiological alterations such as elevated blood
glucose. In GDM patients, unstable glycemic control dur-
ing vaginal delivery may heighten the risk of adverse ma-
ternal and neonatal outcomes [11,12,13]. Therefore, evalu-
ating the efficacy and safety of labor analgesia in this pop-
ulation is clinically important. However, existing research
on its impact on GDM parturients remains limited and in-
conclusive. Kuitunen et al. [14] found comparable anal-
gesic efficacy between GDM and normoglycemic parturi-
ents. Li et al. [15] reported that labor analgesia increased
the risk of neonatal hypoglycemia requiring neonatal inten-
sive care unit (NICU) transfer. Conversely, Sana et al. [16]
suggested that analgesia improved metabolic stability and
immune function in GDM patients. Similarly, Chen et al.
[17], in a study of 816 GDMparturients, observed that anal-
gesia reduced NICU transfers and neonatal hypoglycemia
but prolonged labor duration and increased maternal post-
partum fever.

Although the efficacy of labor analgesia for pain re-
lief is well-established, its effects on labor progression
and maternal-neonatal outcomes remain inconclusive, es-
pecially among GDM parturients. Given the rising inci-
dence of GDM and the increasing clinical demand for anal-
gesia in this population, it is essential to evaluate its efficacy

and safety. To address this, we conducted a retrospective
analysis of electronic medical records from 201 GDM par-
turients, aiming to assess the impact of labor analgesia on
glycemic control, labor progression, and maternal-neonatal
outcomes. This study aimed to provide evidence-based in-
sights for optimizing labor management, improving mater-
nal and neonatal outcomes, and reducing long-term health
risks associated with GDM.

2. Methods
2.1 Study Population

This retrospective analysis included 201 GDM par-
turients who received routine prenatal care and delivered at
Beilun District People’s Hospital of Ningbo City between
1 January 2023 and 31 December 2024. A flow chart of
patient selection is summarized in Fig. 1.

2.2 Inclusion Criteria
(a) Diagnosis of GDM according to established crite-

ria [18];
(b) Singleton cephalic pregnancy;
(c) Regular prenatal visits, gestational age≥28 weeks

at delivery;
(d) No contraindications for vaginal delivery (e.g.,

cephalopelvic disproportion);
(e) Stable glycemic control during pregnancy without

insulin therapy;
(f) Normal prenatal fetal heart monitoring;
(g) Complete clinical records.

2.3 Exclusion Criteria
(a) History of pregestational diabetes;
(b) Severe psychiatric disorders;
(c) Other obstetric complications (placenta accreta

spectrum, severe preeclampsia, cholestasis);
(d) History of cervical surgery;
(e) Abnormal birth canal (pelvic deformity, obstruc-

tive tumors, müllerian anomalies);
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(f) Acute critical illness or hematologic diseases (sep-
sis, coagulopathy);

(g) Major organ dysfunction (NewYork Heart Associ-
ation class III–IV heart failure with left ventricular ejection
fraction <40%, estimated glomerular filtration rate <45
mL/min/1.73 m2 or dialysis).

2.4 Grouping and Analgesia Protocol
Based on electronic medical records, parturients were

divided into an observation group (receiving labor analge-
sia, n = 111) and a control group (no analgesia, n = 90).

Analgesia protocol: Upon admission, fetal heart rate,
uterine contractions, and vital signs were monitored, cervi-
cal status was assessed, and intravenous access was estab-
lished. When cervical dilation reached 1–6 cm, parturients
were placed in the left lateral position with knees flexed to-
ward the chest and head bent forward. After disinfection
and draping, analgesia was initiated by the anesthesiologist
during regular contractions upon maternal request.

Epidural block: A tuohy needle was inserted at the
L2–3 or L3–4 interspace (midline or paramedian). After
confirming loss of resistance, the epidural catheter was ad-
vanced 3–5 cm. An initial dose of 3 mL of 0.1% ropiva-
caine + 2 µg/mL fentanyl was administered, followed by
maintenance doses of 7–10 mL as required.

Combined spinal-epidural analgesia (CSEA): The
subarachnoid initial bolus consisted of 2–3 mg ropivacaine
hydrochloride (National Drug Approval No. H20173027;
Hebei Yipin Pharmaceutical Co., Ltd., Shijiazhuang,
China) mixed with 2–5 µg sufentanil citrate (National Drug
Approval No. H20054172; Yichang Humanwell Pharma-
ceutical Co., Ltd., Yichang, China), prepared as a small-
volume injectate for intrathecal injection. After intrathecal
drug administration and epidural catheter placement, 10–
12 mL of 0.08% ropivacaine hydrochloride supplemented
with 0.3 µg/mL sufentanil citrate was administered as the
epidural loading dose. Maintenance (post-bolus): Catheter
secured and connected to a patient-controlled epidural anal-
gesia (PCEA) pump; continuous infusion at 8–10 mL/h;
patient-controlled bolus 5–8 mL; lockout interval for 20
minutes; maximum hourly dose of 30–40 mL.

Vital signs were continuously monitored, and analge-
sia efficacy was assessed hourly using the numerical rating
scale (NRS) scores. Blood glucose was measured every 2
hours.

2.5 Data Collection and Biochemical Measurements
Baseline and clinical parameters were recorded, in-

cluding maternal-related indicators as follows: (1) Base-
line clinical characteristics: Extracted from electronic med-
ical records, including age, weight, height, pre-pregnancy
body mass index (BMI), pre-delivery BMI, education level,
place of residence, ethnic group, family history of dia-
betes, payment method, gravidity, parity, gestational age
at delivery, conception method, history of adverse preg-

nancy, tocolysis history, onset of labor, and premature
rupture of membranes; (2) Analgesia details (observation
group): Data included type of analgesia, timing of admin-
istration, and NRS scores before and after analgesia [19].
The NRS scores (measured pre- and post-analgesia) used a
0–10 scale, where patients selected a number correspond-
ing to pain intensity (0: no pain; 1–3: mild pain; 4–6:
moderate pain; 7–10: severe pain); (3) Intrapartum gen-
eral parameters: Duration of the first and second stages
of labor, 2-hourly fingertip blood glucose fluctuations dur-
ing labor, maximum intrapartum temperature, fetal mon-
itoring type, oxytocin use, occurrence of shoulder dysto-
cia, episiotomy, soft birth canal laceration, amniotic fluid
volume, neonatal birth weight, sex, and Apgar scores at
one and five minutes; (4) Maternal biochemical mark-
ers (measured ≤1 week pre-delivery): White blood cell
(WBC) count, red blood cell (RBC) count, hemoglobin
(Hb), serum creatinine (SCr), total cholesterol (TC), triglyc-
erides (TG), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), total bile
acids (TBA), serum potassium ion concentration (K+), C-
reactive protein (CRP), D-dimer (D-D), fibrinogen (Fib),
thyroid-stimulating hormone (TSH), free thyroxine (FT4),
urine ketones, urine glucose, hemoglobin A1c (HbA1c),
intrapartum and postpartum fasting plasma glucose (FPG)
fluctuation range (difference), 2-hour postprandial blood
glucose (2hPBG) fluctuation range (difference), and CRP
on postpartum day 1; (5) Neonatal biochemical markers:
Transcutaneous bilirubin (TCB) levels measured morning
and evening on postpartum days 1 and 2, and neonatal blood
glucose concentration (measured within 1 hour post-birth);
(6) Delivery outcomes: Mode of delivery, postpartum uri-
nary retention, postpartum hemorrhage, neonatal clavicular
fracture, transfer to a specialized department, patent fora-
men ovale, and patent ductus arteriosus. In this study,
the fluctuation range (difference) of fasting plasma glucose
(FPG) and 2‑hour postprandial blood glucose (2hPBG) was
defined as the difference between the maximum and min-
imum values of all corresponding venous blood glucose
measurements obtained during the intrapartum and postpar-
tum period of hospitalization. A larger difference indicates
more pronounced glycemic fluctuation.

Primary outcomes: 2-hourly intrapartum glucose fluc-
tuations, NRS scores (observation group), duration of labor
stages, neonatal Apgar scores, HbA1c, postpartum FPG and
2hPBG fluctuations, neonatal blood glucose, mode of deliv-
ery, and neonatal transfer.

2.6 Statistical Analysis

Data were analyzed using SPSS 27.0 (IBM Corp.,
Armonk, NY, USA). Normality was assessed using the
Shapiro–Wilk test. Normally distributed variables were ex-
pressed as mean ± standard deviation (SD) and compared
using independent sample t-tests or paired-sample t-tests, as
appropriate. Non-normally distributed variables were ex-
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pressed as median [25th percentile (P25), 75th percentile
(P75)] and analyzed with the Mann–Whitney U test. Cat-
egorical variables were expressed as frequencies and per-
centages [n (%)] and compared using the Chi-square test,
or the corrected Chi-square test and Fisher’s exact test when
necessary. A two-tailed p-value< 0.05 was considered sta-
tistically significant.

3. Results
3.1 Comparison of Baseline Clinical Characteristics

No statistically significant differences were observed
between the two groups in baselinematernal characteristics,
including age, weight, height, pre-pregnancy BMI, pre-
delivery BMI, education level, residence, ethnicity, fam-
ily history of diabetes, payment method, gravidity, parity,
gestational age at delivery, conception method, history of
adverse pregnancy, tocolysis history, onset of labor, or pre-
mature rupture of membranes (p > 0.05; Table 1).

3.2 Effect of Analgesic Methods on Blood Glucose Levels
Post-analgesia NRS scores in the observation group

(1.63 ± 0.50) were significantly reduced compared with
pre-analgesia scores (6.75 ± 0.87) (t = 53.719, p < 0.001).

By the analgesic method, subgroup analysis compared
the epidural analgesia (EP) and CSEA groups. The EP
group showed significantly greater 2-hourly intrapartum
fingertip glucose fluctuations and higher postpartum FPG
fluctuation than the CSEA group (Z = –3.314, –4.481, both
p < 0.001). No significant difference was observed in
2hPBG fluctuation (Z = –0.510, p = 0.610) (Table 2).

3.3 Effect of Analgesic Timing on Blood Glucose Levels
Analgesia was initiated at cervical dilations of 1 cm (n

= 1), 1.5 cm (n = 6), 2 cm (n = 47), 2.5 cm (n = 9), 3 cm (n =
32), 3.5 cm (n = 1), 4 cm (n = 9), 5 cm (n = 4), and 6 cm (n
= 2). For analysis, participants were grouped as <3 cm (n
= 63) and ≥3 cm (n = 48). Comparisons of 2-hourly intra-
partum fingertip glucose fluctuations, FPG fluctuation, and
2hPBG fluctuations between the two maternal groups dur-
ing labor revealed no statistically significant differences (Z
= –0.036, –0.248, –1.644; p = 0.971, 0.804, 0.100, respec-
tively).

3.4 Comparison of Intrapartum Parameters
The observation group demonstrated longer first and

second stages of labor (p < 0.05), lower 2-hourly glucose
fluctuations, higher maximum intrapartum temperature (p
< 0.05), higher incidence of soft tissue laceration, and
higher rates of oxytocin use and episiotomy (p< 0.05). No
significant differences were observed in other intrapartum
parameters [p > 0.05; Table 3 (Ref. [20])].

3.5 Comparison of Maternal and Neonatal Biochemical
Markers

No statistically significant differences were observed
between the two groups in maternal WBC count, RBC
count, Hb, SCr, TC, TG, HDL-C, LDL-C, TBA, potas-
sium ion concentration, CRP, D-D, Fib, TSH, FT4, urine
glucose, HbA1c, or neonatal TCB (measured morning and
evening on postpartum days 1 and 2) and immediate post-
natal blood glucose (all p > 0.05). However, the obser-
vation group exhibited significantly lower rates of positive
urine ketones, lower FPG fluctuations, and lower 2hPBG
fluctuations compared to the control group (all p < 0.05),
alongside higher postpartum day 1 CRP levels (p < 0.05;
Table 4).

3.6 Comparison of Delivery Outcomes
No statistically significant differences were observed

in delivery mode, postpartum urinary retention, postpartum
hemorrhage, neonatal clavicular fracture, neonatal transfer,
or incidence of patent foramen ovale/ductus arteriosus be-
tween the two groups (p > 0.05; Table 5).

4. Discussion
Labor analgesia, as a major breakthrough in obstetric

medicine, is now widely applied in parturients for effective
pain relief with a low risk of complications. Its significant
role in reducing non-medically indicated cesarean deliver-
ies underscores its value as a crucial intervention for pro-
moting vaginal delivery. GDM, the most common preg-
nancy complication, may increase maternal and neonatal
risks during labor due to hyperglycemia. This study com-
pared GDMparturients receiving labor analgesia with those
not receiving analgesia, revealing that the analgesia signifi-
cantly reduced NRS scores in the observation group. Addi-
tionally, the observation group exhibited lower rates of pos-
itive urine ketones, reduced 2-hourly intrapartum fingertip
glucose fluctuations, and decreased FPG and 2hPBG fluc-
tuations. However, they also experienced longer first and
second stages of labor, higher maximum intrapartum tem-
peratures, greater oxytocin use, increased episiotomy and
birth canal laceration rates, and elevated postpartum day 1
CRP levels. No significant differences were observed in
delivery modes, other intrapartum parameters, or maternal-
neonatal outcomes.

EP and CSEA are currently recognized worldwide as
the most effective and widely used labor analgesia tech-
niques. Compared with alternative methods, they provide
the most comprehensive and controllable analgesic effects.
Therefore, investigating their impact on women with GDM
yields findings with the strongest clinical relevance and
practical guidance. In contrast, intravenous analgesia and
other approaches yield weaker analgesic effects, are asso-
ciated with more pronounced side effects (such as sedation,
nausea, and vomiting), and are supported by lower levels
of evidence regarding their influence on labor progression
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Table 1. Comparison of baseline clinical characteristics between the two groups.
Variable Observation group (n = 111) Control group (n = 90) χ2/t/Z p-value

Age (years) 31.74 ± 5.23 33.04 ± 4.10 –1.935 0.054
Weight (kg) 71.48 ± 10.01 69.91 ± 9.93 1.113 0.267
Height (m) 1.61 ± 0.05 1.60 ± 0.05 1.849 0.066
Pre-pregnancy BMI (kg/m2) 22.87 ± 3.27 23.41 ± 3.82 –1.063 0.289
Pre-delivery BMI (kg/m2) 27.56 ± 3.63 27.40 ± 3.70 0.298 0.766
Education level [n (%)] 0.667 0.414
Primary/junior high/secondary 43 (38.74) 40 (44.44)
High school or above 68 (61.26) 50 (55.56)

Residence [n (%)] 0.018 0.894
Urban 98 (88.29) 80 (88.89)
Rural 13 (11.71) 10 (11.11)

Ethnicity [n (%)] 0.070 0.791
Han Chinese 104 (93.69) 86 (95.56)
Other 7 (6.31) 4 (4.44)

Family history of diabetes [n (%)] 1.103 0.294
Yes 9 (8.11) 4 (4.44)
No 102 (91.89) 86 (95.56)

Payment method [n (%)] 0.865 0.352
Medical insurance 91 (81.98) 69 (76.67)
Self-pay 20 (18.02) 21 (23.33)

Gravidity (times) 3.00 (1.00, 4.00) 2.00 (2.00, 3.00) –0.544 0.587
Parity (times) 1.00 (0.00, 1.00) 1.00 (0.00, 1.00) –1.770 0.077
Gestational age at delivery (weeks) 38.88 ± 1.01 38.64 ± 1.63 1.257 0.210
Conception method [n (%)] - 0.066
Natural conception 106 (95.50) 90 (100.00)
IVF/ovulation induction 5 (4.50) 0 (0.00)

History of adverse pregnancy [n (%)] 0.397 0.529
Yes 17 (15.32) 11 (12.22)
No 94 (84.68) 79 (87.78)

History of tocolysis [n (%)] 1.080 0.299
Yes 18 (16.22) 10 (11.11)
No 93 (83.78) 80 (88.89)

Onset of labor [n (%)] 3.570 0.059
Induced 58 (52.25) 35 (38.89)
Spontaneous 53 (47.75) 55 (61.11)

Premature rupture of membranes [n (%)] 0.608 0.436
Yes 26 (23.42) 17 (18.89)
No 85 (76.58) 73 (81.11)

Abbreviations: BMI, body mass index; IVF, in vitro fertilization.

Table 2. Comparison of blood glucose levels in parturients between the EP and CSEA groups.
Variable EP group (n = 70) CSEA group (n = 41) Z p-value

2-hourly intrapartum fingertip glucose fluctuations
(mmol/L)

2.20 (1.00, 2.93) 0.70 (0.50, 1.90) –3.314 <0.001

Postpartum FPG fluctuation (mmol/L) 0.95 (0.60, 1.50) 0.50 (0.25, 0.65) –4.481 <0.001
2hPBG fluctuation (mmol/L) 3.45 (2.20, 4.30) 3.20 (2.40, 4.50) –0.510 0.610
Abbreviations: EP, epidural analgesia; CSEA, combined spinal-epidural analgesia; FPG, fasting plasma glucose; 2hPBG, 2-
hour postprandial blood glucose.

and maternal-neonatal outcomes. To maintain statistical
power and ensure the reliability of study results, it is es-
sential to appropriately control research variables. GDM
itself represents a relevant confounding factor that requires
focused consideration. Including multiple analgesia tech-

niques would inevitably demand a substantially larger sam-
ple size to achieve adequate statistical power for each sub-
group. Within the constraints of limited resources and time,
we therefore focused on the two most prominent labor anal-
gesia techniques.
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Table 3. Comparison of intrapartum parameters between the two groups.
Variable Observation group (n = 111) Control group (n = 90) χ2/t/Z p-value
First stage duration (min) 360.00 (235.00, 510.00) 157.50 (83.75, 222.50) –8.256 <0.001
Second stage duration (min) 44.00 (18.00, 86.00) 15.00 (9.00, 25.25) –6.125 <0.001
2-hourly fingertip glucose fluctuation (mmol/L) 1.40 (0.70, 2.80) 2.40 (1.90, 3.20) –3.971 0.001
Maximum intrapartum temperature (°C) 37.40 ± 0.51 37.01 ± 0.38 6.071 <0.001
Fetal monitoring type [n (%)] 0.855 0.355

Category I 80 (72.07) 70 (77.78)
Category II/III 31 (27.93) 20 (22.22)

Oxytocin use [n (%)] 18.874 <0.001
Yes 58 (52.25) 20 (22.22)
No 53 (47.75) 70 (77.78)

Shoulder dystocia [n (%)] 0.080 0.777
Yes 3 (2.70) 4 (4.44)
No 108 (97.30) 86 (95.56)

Episiotomy [n (%)] 12.649 <0.001
Yes 44 (39.64) 15 (16.67)
No 67 (60.36) 75 (83.33)

Soft tissue laceration [n (%)] 11.991 0.001
Yes 92 (82.88) 55 (61.11)
No 19 (17.12) 35 (38.89)

Amniotic fluid volume (mL) 460.00 (400.00, 500.00) 400.00 (350.00, 500.00) –1.509 0.131
Neonatal weight (g) 3413.96 ± 378.58 3311.22 ± 444.07 1.770 0.078
Neonatal sex [n (%)] 0.436 0.509

Male 57 (51.35) 42 (46.67)
Female 54 (48.65) 48 (53.33)

1-min Apgar score 9.92 ± 0.47 9.90 ± 0.43 0.296 0.767
5-min Apgar score 9.98 ± 0.19 9.99 ± 0.11 –0.309 0.758
Notes: Fetal monitoring categories were classified according to the National Institute of Child Health and Human Development
three-tier system [20]: Category I (normal: baseline fetal heart rate 110–160 bpm, moderate variability, accelerations present, no
decelerations), Category II (indeterminate: requires continued evaluation; e.g., minimal variability or recurrent decelerations), and
Category III (abnormal: mandates immediate intervention, e.g., absent variability with recurrent decelerations or bradycardia).

Regarding pain relief, after administration of labor
analgesia, the NRS scores of parturients in the observation
group decreased from 6.75 ± 0.87 to 1.63 ± 0.50, falling
within the tolerable mild pain range. This represents the
most direct advantage of labor analgesia. Luo et al. [21], in
a study of non-GDM primiparas, also concluded that labor
analgesia significantly lowers NRS scores. Another criti-
cal question is whether analgesia influences delivery mode.
Fieni et al. [22] reported that parturients receiving labor
analgesia during delivery exhibited significantly higher ce-
sarean section rates. Similarly, Bannister-Tyrrell et al. [23]
and Djaković et al. [24] concluded that analgesia use sig-
nificantly increases the proportion of emergency cesarean
deliveries. Conversely, Olszynska et al. [25] found that
labor analgesia does not increase but rather reduces emer-
gency cesarean risk, a conclusion corroborated by Vaajala
et al. [26] in twin pregnancies. In our study, no significant
difference in delivery mode was observed between groups,
indicating that labor analgesia does not elevate emergency
cesarean risk, consistent with the findings of Zhang et al.
[27] and Ambrosetti et al. [28].

Labor analgesia may also influence the duration of la-
bor [29,30]. In this study, both the first and second stages
of labor were prolonged in the observation group compared

to the control group, a finding consistent with previous re-
ports. Branecka-Woźniak et al. [31] conducted a retro-
spective analysis of 300 parturients receiving labor analge-
sia and observed prolonged durations of both labor stages,
suggesting that analgesia may disrupt the natural rhythm of
childbirth. This effect has been attributed to skeletal mus-
cle relaxation associated with pain relief during analgesia,
which reduces maternal expulsive force. The higher oxy-
tocin use rate observed in our study further supports this
mechanism. Although Liu et al. [7] reported that labor anal-
gesia during spontaneous vaginal delivery does not increase
episiotomy risk, our findings revealed higher rates of both
episiotomy and birth canal lacerations in the observation
group. Bodner-Adler et al. [32] similarly proposed that la-
bor analgesia elevates episiotomy and oxytocin (uterotonic
agent) use, both of which may contribute to prolonged la-
bor.

For GDM parturients undergoing spontaneous vagi-
nal delivery, unstable glycemic control directly influences
maternal and neonatal outcomes [13,33], highlighting the
value of investigating the glycemic effects of labor anal-
gesia. Our study demonstrated lower positive urine ketone
rates, reduced 2-hourly intrapartum fingertip glucose fluc-
tuations, and decreased FPG and 2hPBG fluctuations in the
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Table 4. Comparison of maternal and neonatal biochemical markers.
Variable Observation group (n = 111) Control group (n = 90) χ2/t/Z p-value

WBC count (109/L) 8.35 ± 2.18 8.27 ± 2.47 0.234 0.816
RBC count (1012/L) 4.05 ± 0.38 4.03 ± 0.47 0.254 0.800
Hb (g/L) 123.86 ± 11.24 122.13 ± 10.00 1.140 0.256
SCr (µmol/L) 42.86 ± 7.33 43.02 ± 6.59 –0.158 0.874
TC (mmol/L) 6.17 ± 1.51 5.93 ± 1.03 1.318 0.189
TG (mmol/L) 4.09 ± 1.59 4.25 ± 1.80 –0.671 0.503
HDL-C (mmol/L) 1.83 ± 0.38 1.83 ± 0.39 0.054 0.957
LDL-C (mmol/L) 2.99 (2.35, 3.84) 2.90 (2.37, 3.41) –1.171 0.242
TBA (µmol/L) 3.00 (2.00, 4.00) 2.00 (2.00, 3.25) –0.591 0.554
Potassium (mmol/L) 3.98 ± 0.22 3.97 ± 0.24 0.239 0.812
CRP (mg/L) 4.20 (2.30, 7.20) 4.85 (2.60, 8.32) –0.783 0.434
D-D (µg/LFEU) 1621.00 (1254.00, 2076.00) 1613.50 (1192.00, 2516.25) –0.205 0.838
Fib (g/L) 4.53 ± 0.63 4.61 ± 0.66 –0.976 0.330
TSH (mIU/L) 2.17 (1.52, 2.74) 2.34 (1.53, 3.25) –1.214 0.225
FT4 (pmol/L) 11.90 (10.70, 13.40) 12.60 (10.67, 14.00) –1.066 0.287
Urine ketones [n (%)] 5.004 0.025

Positive 5 (4.50) 12 (13.33)
Negative 106 (95.50) 78 (86.68)

Urine Glucose [n (%)] 0.002 0.963
Positive 6 (5.41) 5 (5.56)
Negative 105 (94.59) 85 (94.44)

HbA1c (%) 5.49 ± 0.40 5.47 ± 0.40 0.262 0.794
FPG fluctuation (mmol/L) 0.70 (0.40, 1.20) 1.10 (0.60, 1.53) –3.460 <0.001
2hPBG fluctuation (mmol/L) 3.40 (2.30, 4.30) 3.75 (2.78, 4.85) –2.320 0.020
Postpartum day 1 CRP (mg/L) 48.60 (24.90, 71.20) 23.80 (17.15, 37.00) –6.126 <0.001
Neonatal TCB (mg/dL)

Day 1 morning 4.50 (3.10, 5.90) 4.50 (2.98, 5.80) –0.545 0.586
Day 1 evening 5.50 (4.50, 6.70) 5.50 (4.50, 7.00) –0.082 0.935
Day 2 morning 8.40 (7.50, 9.60) 8.35 (7.00, 9.93) –0.588 0.557
Day 2 evening 9.10 (7.80, 10.50) 9.00 (7.58, 10.23) –1.296 0.195

Blood glucose (mmol/L) 4.10 (3.65, 4.60) 4.05 (3.60, 4.63) –0.262 0.793
Abbreviations: WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; SCr, serum creatinine; TC, total
cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TBA, total bile acids; CRP, C-reactive protein; D-D, D-dimer; LFEU, lysis fibrinogen equivalent
units; Fib, fibrinogen; TSH, thyroid-stimulating hormone; FT4, free thyroxine; HbA1c, hemoglobin A1c;
TCB, transcutaneous bilirubin.

observation group compared with controls, indicating that
analgesia mitigates intrapartum glucose variability, consis-
tent with the findings of Sana et al. [16]. This effect can
be explained by the fact that labor pain triggers stress re-
sponses, leading to counterregulatory hormone secretion,
increased peripheral insulin resistance, and reduced insulin
release, thereby impairing glucose uptake and elevating in-
trapartum blood glucose. By alleviating pain-induced stress
responses, labor analgesia attenuates stress-induced hyper-
glycemia and stabilizes glucose levels. Although our study
found no significant differences in neonatal glucose lev-
els or transfer rates, previous reports suggest that analge-
sia may either increase or decrease neonatal hypoglycemia
risk in GDM [15,17]. Such discrepancies may reflect dif-
ferences in analgesic regimens, maternalmetabolic profiles,

or interindividual variation across populations and ethnic
groups. Clinically, analgesics and protocols should there-
fore be tailored to individual parturient profiles, with close
maternal and neonatal glucose monitoring to ensure safety.

Our findings also revealed higher maximum intra-
partum temperatures in the observation group compared
with the control group. It is speculated that maternal tem-
perature elevation associated with labor analgesia may re-
sult from incomplete heat dissipation during labor due to
sympathetic blockade [34]. Additionally, a study suggests
that labor analgesia may be associated with non-infectious
inflammatory mechanisms [35]. The elevated postpartum
day 1 CRP levels observed in the observation group fur-
ther indicate an inflammatory response. Yuan et al. [36]
reported that maternal intrapartum fever during labor anal-
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Table 5. Comparison of delivery outcomes.
Variable Observation group (n = 111) Control group (n = 90) χ2 p-value
Delivery mode [n (%)] 2.680 0.262
Spontaneous vaginal 103 (92.79) 88 (97.78)
Cesarean section 3 (2.70) 1 (1.11)
Forceps-assisted 5 (4.50) 1 (1.11)

Postpartum urinary retention [n (%)] 0.858 0.354
Yes 13 (11.71) 7 (7.78)
No 98 (88.29) 83 (92.22)

Postpartum hemorrhage [n (%)] 1.482 0.223
Yes 7 (6.31) 10 (11.11)
No 104 (93.69) 80 (88.89)

Neonatal clavicular fracture [n (%)] 0.000 1.000
Yes 2 (1.80) 1 (1.11)
No 109 (98.20) 89 (98.89)

Neonatal transfer [n (%)] 0.958 0.328
Yes 26 (23.42) 16 (17.78)
No 85 (76.58) 74 (82.22)

Incidence of patent foramen ovale/
ductus arteriosus [n (%)]

1.475 0.225

Yes 29 (26.13) 17 (18.89)
No 82 (73.87) 73 (81.11)

gesia is a common phenomenon, while Zhao et al. [37] and
He and Wang [38] both demonstrated associations between
labor analgesia, prolonged labor duration, and maternal in-
trapartum fever. Ren et al. [39] also confirmed that anal-
gesia increases maternal intrapartum fever risk without af-
fecting neonatal outcomes. Our study is the first to confirm
this conclusion in GDM parturients.

Further subgroup analysis revealed that FPG fluctua-
tions were significantly higher in the EP subgroup than in
the CSEA subgroup, indicating smaller fluctuations in 2-
hourly intrapartum fingertip glucose and FPG levels among
CSEA recipients compared to EP recipients. These obser-
vations may be related to differences in onset speed: CSEA
provides rapid analgesia within 5–10 minutes through sub-
arachnoid injection of local anesthetics or opioids, thereby
significantly reducing sympathetic excitability and stress
hormone release, which in turn inhibits gluconeogenesis
and insulin resistance. This mechanism supports early sta-
bilization of glucose levels. In contrast, EP requires approx-
imately 30–45 minutes to achieve full effect after a single
injection. Inadequate analgesia during this initial period
may contribute to larger glucose fluctuations. Moreover,
EP typically requires higher doses of local anesthetics to
maintain analgesic efficacy, potentially exerting a greater
impact on insulin secretion and glucose utilization.

Based on the above findings, the authors propose the
following recommendations to optimize delivery outcomes
for GDM parturients receiving labor analgesia: First, la-
bor management should be strengthened by carefully se-
lecting the timing of analgesia administration to avoid pre-
mature intervention leading to uterine inertia. Simultane-
ously, non-pharmacological interventions such as breathing
and relaxation techniques may be combined with pharma-

cological analgesia to reduce overall analgesic drug dosage
and minimize impacts on labor progression. To address
potential sweat suppression and temperature elevation in-
duced by analgesia, delivery room temperature and mater-
nal attire should be appropriately adjusted, with cold towel
compresses applied to major vascular areas (forehead, ax-
illae, neck, groin) when necessary to facilitate heat dis-
sipation. Additionally, during late pregnancy, parturients
may enhance muscle elasticity through perineal massage
and pelvic floor muscle exercises to reduce episiotomy rates
and laceration risks.

It is important to acknowledge that this study still has
limitations. First, the sample size was relatively small, and
as a single-center retrospective study, it may have inherent
selection bias affecting the generalizability of the findings.
Second, all observation indicators in this study were short-
term, lacking long-term follow-up onmaternal and neonatal
outcomes. Third, this study adopted the range, calculated
as the difference between maximum and minimum blood
glucose values, to quantify fluctuations in fasting plasma
glucose and 2-hour postprandial blood glucose. However,
this index is determined merely by two extreme values and
is strongly affected by outliers. It may overestimate or un-
derestimate the true glycemic variability, thereby introduc-
ing potential bias into our findings. Additionally, analgesic
efficacy in GDM parturients may be influenced by addi-
tional factors such as psychological status, dietary habits,
and physical activity during pregnancy. Therefore, future
studies should include multicenter prospective cohorts with
larger sample sizes, extend follow-up to evaluate long-term
outcomes, and integrate psychosocial variables to optimize
labor analgesia strategies for GDM parturients.
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5. Conclusion
Labor analgesia contributes to glycemic stabilization

during labor in GDM parturients and does not signif-
icantly impact delivery mode or maternal-neonatal out-
comes. However, it prolongs labor duration, elevates in-
trapartum temperature, and increases rates of oxytocin use,
episiotomy, and birth canal lacerations. These findings sug-
gest that labor analgesia exerts a positive impact on improv-
ing the metabolic status of GDM parturients, likely by al-
leviating labor pain-induced stress and optimizing energy
metabolism pathways to promote glycemic stability. Al-
though the extended labor duration and higher intervention
requirements may reflect the potential influence of analge-
sia on uterine dynamics, these factors do not significantly
compromisematernal and neonatal outcomes. Therefore, in
clinical practice, the application of labor analgesia should
be based on a thorough assessment of the individual par-
turient, balancing its metabolic benefits in glycemic man-
agement against potential risks of prolonged labor and in-
creased intervention needs, thereby supporting individual-
ized delivery management.

Key Points
• Labor analgesia stabilizes intrapartum glucose in

GDM parturients, with CSEA superior to EP.
• Labor analgesia does not increase cesarean rates in

GDM parturients and has no adverse impact on maternal-
neonatal outcomes.

• Labor analgesia prolongs labor duration and elevates
intrapartum temperature in GDM parturients.

• Labor analgesia increases rates of oxytocin use, epi-
siotomy, and birth canal lacerations in GDM parturients.
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