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Abstract
Background  Women experiencing labor pain undergo significant psychological and physiological challenges, often leading 
to increased rates of cesarean sections.
Epidural analgesia has proven effective in managing labor pain, but its efficacy varies among individuals, partly due to genetic 
differences, including variations in the COMT gene, which influences pain perception pathways.
Methodology  Fifty-three hospitalized patients provided informed consent to participate in this study. Peripheral venous 
blood samples were collected in EDTA tubes for DNA isolation and Polymerase Chain Reaction (PCR) analysis to investi-
gate COMT gene polymorphisms. Epidural analgesia (Fentanyl with Ropivacaine) was administered upon reaching regular 
uterine contractions and cervical dilation of 4–5 cm. Pain and anxiety levels were assessed using the Visual Analog Scale 
(VAS) and State Anxiety Inventory (SAI) at predetermined intervals post-administration. Data analysis focused on exploring 
associations between COMT gene variants and outcomes related to pain perception and anxiety during labor.
Results  Of the 53 participants, 35 were homozygous for the wild-type genotype (Val/Val). Approximately 33.9% displayed 
COMT gene polymorphisms: 14 women were heterozygous (Met/Val) and 4 were homozygous for the Met allele (Met/Met). 
Women with the Met/Met and Met/Val genotypes reported significantly higher scores on the State Anxiety Inventory (SAI) 
and Visual Analog Scale (VAS) compared to those with the Val/Val genotype (p < 0.005). These women also required more 
supplementary analgesia during labor.
Conclusion  The presence of the Val158Met mutation in the COMT gene correlates with increased labor anxiety and reduced effec-
tiveness of analgesia in pregnant women. Understanding the genetic factors influencing pain perception could improve analgesic 
strategies tailored to specific genetic profiles, potentially promoting higher rates of vaginal deliveries and better birth experiences for 
women. Further research into genetic markers of labor analgesia is crucial for refining pain management approaches in obstetrics.
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Introduction

Childbirth, or labor, is a fundamental aspect of human exist-
ence. Often described as one of the most intense and excru-
ciating pains a woman may experience, the perception of this 
pain can vary greatly. Although the physiological process of 
labor and delivery is consistent across all women, individual 
childbirth experiences differ widely [1].

During labor, pain triggers a neuroendocrine stress 
response, which heightens sympathetic activity and releases 
catecholamines. Pain and anxiety, hence, become abnormal 
reactions that become detrimental to the adaptation of the 
mother and fetus. Excessive maternal distress may adversely 
affect fetal well being. This may lead to complications such as 
obstructed or prolonged labor, which in turn leads to increased 
rates of cesarean section [2].

Furthermore, women have begun to request cesarean sec-
tions because they feel afraid or anxious during labor. The 
worldwide incidence of cesarean sections has been rising 
owing to the growing demand for cesarean deliveries on 
maternal request (CDMR) [3]. Even with the most effective 
type of labor analgesia–epidural analgesia, some women still 
report experiencing severe pain and fear while giving birth.

 Longitudinal assessment of pain scores demonstrates con-
siderable inter-individual variability, independent of parity or 
cervical dilatation. The notion that genetic variability may be 
a significant influence has recently come to light as a possi-
ble explanation for the reported disparities in pain perception 
and analgesic requirements during labor and delivery between 
women. Several studies have linked polymorphisms at specific 
gene loci to the sense of pain, a field known as “Functional 
Pain Genomics.”[4].

Among the most extensively studied genes are catechol-
O-methyltransferase (COMT), human opioid receptor 1 
(OPRM1), guanosine triphosphate cyclohydrolase 1 (GCH1), 
and melanocortin-1 receptor (MC1R). Advances in under-
standing the genetic basis of pain are opening new possibilities 
for predicting individual pain sensitivity and tailoring treat-
ments based on specific genetic variation patterns.

COMT enzyme is a crucial regulator of adrenergic, noradren-
ergic, and dopaminergic neurotransmission, primarily involved 
in the degradation of catecholamines [5]. The most exten-
sively researched COMT genetic variation is “p.158Val/Met 
(c.472G/A)," linked to several pain phenotypes and sensitivity.

When Valine is replaced by Methionine at codon 158, 
it causes a multifold decrease in the activity of COMT [2]. 
This decreased COMT activity results in higher levels of epi-
nephrine and norepinephrine, which may increase pain sen-
sitivity by activating receptors in peripheral nerves. It also 
increases dopamine availability, which blocks the produc-
tion of enkephalins and endorphins, depriving the individual 

of endogenous opioids and, hence, more pain or analgesic 
requirements.

However, it is yet unknown whether the COMT gene poly-
morphism could impact pregnant women’s labor anxiety and 
analgesia. Our research will help to clarify this conundrum and 
contribute to the body of the literature already in existence.

Materials and Methods

The study included pregnant women admitted to the Labor 
Room at Shri B.M. Patil Medical College, Hospital and 
Research Centre, from April 2023 to April 2024. It was a 
prospective observational study with an intervention com-
ponent. Participants were primiparous women with single-
ton, term pregnancies (37–41 weeks) who were in the latent 
phase of labor and had consented to epidural analgesia. 
Women were excluded if they had cephalopelvic dispro-
portion, placental abnormalities, any pathological obstetric 
conditions, a history of mental illness such as anxiety or 
depression, or any contraindications to epidural analgesia.

Genetic Analysis for COMT Gene

After hospitalization, we collected 1 mL of peripheral 
venous blood from each participant in K2 EDTA vials and 
stored it at 4° Celsius. From 200 μl of peripheral blood, 
genomic DNA was isolated with the help of a commer-
cial DNA isolation kit. Web-based, freely available pro-
gram―Primer3, which is widely accepted, was used to 
develop PCR primers [6]. Screening of the forward primer 
for the C.O.M.T. polymorphism 5′-ACT​GGC​TAC​TCA​GCT​
GTG​-3′ and the reverse primer 5′-CCT​TTT​TCC​AGG​TCT​
GAC​AA-3′ was done. (Primers were designed with refer-
ence for genome—NG_001526.1; Reference for mRNA—
NM_000754.4; Reference for Protein—NP_001128634.1.)

PCR was carried out in a 20 μl reaction with 1 μl genomic 
DNA, 0.4 μl of each primer, 0.4 μl dNTPs, 10 μl Master Mix 
(Takara, Japan), and 8.2 μl water. Amplification involved an 
initial denaturation at 95 °C for 5 min, followed by 35 cycles 
of 95 °C for 30 s, 56 °C for 30 s, and 72 °C for 1 min, with a 
final extension at 72 °C for 5 min. PCR products were veri-
fied by gel electrophoresis using a 100-bp ladder.

For sequencing, PCR products were processed with Big-
Dye Terminator v3.1 and analyzed on an ABI 3730 genetic 
analyzer, with sequence quality assessed using Sequencing 
Analysis software.

Epidural Analgesia

At our institution, epidural analgesia is routinely offered 
to all eligible women in labor as part of standard obstetric 
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care. All participants received epidural analgesia using an 
identical standardized drug protocol, administered by the 
same anesthesiology team following uniform institutional 
guidelines.

When cervical dilatation reached 4–5 cm, the parturient 
was made to sit, back painted, and draped. Epidural analge-
sia was performed at the L2/L3 intervertebral space using 
an 18 G Tuohy epidural needle to insert an epidural catheter 
3–4 cm into the epidural space. After administering a test 
dose of 3 mL of 2% lidocaine, the parturient received 2 µg/
mL of Fentanyl together with 0.1% Ropivacaine as the load-
ing dose. The further top-up dose was given based on the 
patient’s need and pain scores.

Study Parameters

The patient’s pain and anxiety were assessed by Visual 
Analog Scale (VAS) and State Anxiety Inventory (SAI), 
respectively, along with other vital parameters (pulse rate, 

blood pressure). The VAS score and SAI score were evalu-
ated before epidural placement (baseline) and at 5, 10, 20, 
30, 60, and 90 min after the administration of the drug and 
10 min post-delivery to ensure consistency in measurements. 
All assessments were performed at predetermined standard-
ized intervals for every participant to ensure uniformity of 
measurement and minimize variability across genotype 
groups.

Statistical Processing

Data were entered into Microsoft Excel and analyzed using 
SPSS (version 20). Continuous variables were tested for 
normality. Normally distributed variables were expressed 
as mean ± standard deviation and compared using one-way 
ANOVA. Non-normally distributed variables were analyzed 
using the Kruskal–Wallis test. Categorical variables were 
compared using Chi-square or Fisher’s exact test, as appro-
priate. A p value < 0.05 was considered statistically signifi-
cant. All tests were two-tailed.

Fig. 1   A flowchart of the study
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Results

Fifty-three individuals who met the inclusion criteria were 
enrolled in the study and administered epidural analgesia. 
The anxiety and pain levels were assessed using SAI and 
VAS scores, respectively. These were then compared with 
their respective COMT genotype (see Fig. 1). There were no 
difficulties or failed follow-up cases in this study. Patients 
who underwent emergency cesarean section (4 cases) were 
also included for pain analysis.

Out of 53 patients, 35 were categorized into the GG 
(Valine/Valine; wild type) group, showing no mutations. 
Approximately 33.9% had single nucleotide polymorphisms 
(SNPs): Four women with a homozygous mutation were 
assigned to the AA (Methionine/Methionine) group (see 
Fig. 2a), while fourteen women with a heterozygous muta-
tion were classified into the GA (Valine/Methionine) group 
(see Fig. 2b), as detailed in Table 1.

Descriptive statistics and Kruskal–Wallis’s test results 
for age, gestation period, height, weight, and BMI showed 

no statistically significant differences among genotypes  (all 
p > 0.05). Vital parameters such as maternal heart rate, blood 
pressure, and fetal heart rate measured at baseline and vari-
ous intervals (5, 10, 20, 30, 60, 90 min, and 10 min post-
delivery) also showed no significant differences among the 
genotypes.

Significant differences in VAS scores were observed at 
all time intervals (VAS 0 min: p = 0.005; 5 min: p = 0.012; 
10 min: p < 0.001; 20 min: p < 0.001; 30 min: p < 0.001; 60 
min: p < 0.001; 90 min: p < 0.001; post-delivery: p = 0.004), 

Fig. 2   Chromatograph of patients showing mutation in COMT gene: a) Homozygous mutation b) Heterozygous mutation

Table 1   Distribution of 
COMT genotype in the study 
population

COMT 
gene 
analysis

Frequency Percent

AA 4 7.5
GA 14 26.4
GG 35 66
Total 53 100
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indicating that pain perception varies significantly based on 
COMT gene variants, as seen in Table 2. SAI scores dif-
fered significantly at all intervals (SAI 0 min to SAI 90 min: 
p < 0.001), except post-delivery (Table 3). It was observed 
that women with AA and GA genotypes had higher anxi-
ety scores compared to those with the GG genotype. Most 
participants with the GG genotype mostly (85.7%) did 
not require a top-up dose, whereas 71.4% of those with 
the GA genotype and all with the AA genotype did, indi-
cating reduced pain tolerance and higher analgesic needs 
(Table 4). The Chi-square test revealed a significant associa-
tion between COMT gene variants and the need for a top-up 
dose (Chi-square = 21.941, p = 0.001).  

Discussion

Labor pains is widely recognized as one of the most excru-
ciating experiences a woman can have in her lifetime. Neu-
raxial analgesia, often regarded as the gold standard of labor 
pain treatment, has redefined labor pain management. How-
ever, despite the use of epidural analgesia, some women do 

not achieve sufficient pain relief with standard dosages of 
analgesic drugs. This study aimed to explore the reasons for 
this variation, focusing mainly on genetic factors.

Research on the genetics of pain is still in its early stages. 
While there are likely numerous genes contributing to the 
human experience of pain, only a select few with functional 
polymorphisms may prove clinically significant. Exten-
sive research is presently being done on genes like COMT, 
GCH1, and OPRM1 to determine whether they may be used 
for genetic screening as potential diagnostics. The COMT 
gene, noted for its sensitivity in pain modulation, has been 
a primary focus of this study.

This study highlights the pivotal role of catechol-O-
methyltransferase (COMT) in modulating pain sensitiv-
ity through the degradation of catecholamines. A critical 
SNP, rs4680, introduces a Val158Met substitution, altering 
COMT activity by reducing its enzymatic function. This 
change potentially augments dopaminergic neurotransmis-
sion and diminishes endogenous enkephalin levels, thereby 
heightening pain sensitivity.

Table 2   The association between Visual Analog Score and COMT 
genotypes

Statistically significant (p values <0.05) are highlighted in bold

Variables Group N Mean STD. deviation P Value

VAS 0 min AA 4 8 0 0.005*
GA 14 7.64 0.497
GG 35 7.29 0.458

VAS 5 min AA 4 5.5 0.577 0.012*
GA 14 5.79 0.426
GG 35 5.31 0.471

VAS 10 min AA 4 4.75 0.5 0.001*
GA 14 4.14 0.663
GG 35 3.46 0.561

VAS 20 min AA 4 3.75 0.5 0.001*
GA 14 3.5 0.519
GG 35 2.63 0.598

VAS 30 min AA 4 4 0 0.001*
GA 14 3.43 0.514
GG 35 2.26 0.443

VAS 60 min AA 4 5.75 0.5 0.001*
GA 14 4.93 0.917
GG 35 2.71 0.825

VAS 90 min AA 4 4.75 0.5 0.001*
GA 14 4.21 0.579
GG 35 2.89 0.631

VAS POST-
DELIVERY (10 
mins)

AA 4 3.5 0.577 0.004*
GA 14 2.71 0.611
GG 35 2.37 0.547

Table 3   The association between State Anxiety Inventory Score and 
COMT genotypes

Statistically significant (p values <0.05) are highlighted in bold

Variables Group N Mean Standard devia-
tion

P Value

SAI 0 min AA 4 54.25 0.957 0.001*
GA 14 52.5 0.855
GG 35 46.23 0.973

SAI 5 min AA 4 49.75 0.957 0.001*
GA 14 49.21 0.579
GG 35 41.54 1.915

SAI 10 min AA 4 49.00 2.45 0.001*
GA 14 46.71 4.38
GG 35 40.60 2.09

SAI 20 min AA 4 43 6.218 0.001*
GA 14 44.36 3.855
GG 35 34.34 2.141

SAI 30 min AA 4 43.25 2.754 0.001*
GA 14 43.36 2.205
GG 35 30.8 2.688

SAI 60 min AA 4 47.25 2.062 0.001*
GA 14 43.07 3.43
GG 35 29.43 2.019

SAI 90 min AA 4 45.25 1.258 0.001*
GA 14 42.36 2.53
GG 35 30.6 2.44

SAI POST-
DELIVERY (10 
mins)

AA 4 26 2.449 0.185
GA 14 26.36 3.201
GG 35 24.69 2.285
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In our study, we assessed the distribution and impact of 
COMT gene variants among 53 participants, identifying 
three genotypes: AA (mutant homozygote), GA (mutant 
heterozygote), and GG (wild type). The genotype distribu-
tion in our sample was AA (7.5%), GA (26.4%), and GG 
(66%). This distribution closely mirrors the findings of 
Xiaohui Ren et al. [2] Conversely, Jadranka Šanjug et al. 
[7] found a different distribution: AA (25%), GA (53%), 
and GG (22%). As this was a prospective observational 
study, participants were enrolled based on clinical criteria, 
and genotyping was performed subsequently. Therefore, 
the genotype distribution reflected the natural population 
frequency of the COMT Val158Met polymorphism rather 
than predefined stratification. The relatively smaller AA 
subgroup represents the lower incidence of this genotype 
in the population.

Our study population had a mean age of 22.34 years and 
a mean gestational age of 39.04 weeks, with no statisti-
cally significant differences in these parameters among the 
genotypes (p > 0.05). This is consistent with results from 
Xiaohui Ren et al.

There was significant variability in anxiety levels, 
with higher State Anxiety Inventory (SAI) scores for AA 
(54.25) and GA (52.5) genotypes compared to GG (46.23), 
indicating increased anxiety among the former groups. 
This aligns with Xiaohui Ren et al., who also found higher 
anxiety levels in carriers of the COMT Val158Met muta-
tion (AA and GA).

In terms of labor pain, our study used Visual Analog 
Scale (VAS) scores to evaluate pain perception associated 
with COMT genotypes. Participants with the AA genotype 
reported higher pain scores compared to those with GA and 
GG genotypes, consistent with Jadranka Šanjug et al.’s find-
ings and previous research by Zubieta et al. and Xiaohui Ren 
et al., which attributed increased pain sensitivity to reduced 
COMT activity.

Li-Jia Tang et al. [8] found that dexmedetomidine reduced 
VAS scores more effectively in GG genotypes (mean 
VAS = 3.6) than in AA (4.8) and GA (4.2) genotypes. Our 
study, focusing on top-up dose requirements, found a signifi-
cant association with COMT variants (Chi-square = 21.941, 

p = 0.001). GG genotypes required no top-up, while 71.4% 
of GA and all AA genotypes did.

This study adds to the limited body of literature and rep-
resents one of the few studies from India exploring this asso-
ciation. However, the study’s limitations include its focus 
solely on the COMT gene, not considering other genetic 
factors, its confinement to a single healthcare center, and 
a relatively small sample size of 53 participants, particu-
larly the limited number of participants in the AA genotype 
group. Although appropriate nonparametric statistical meth-
ods were used to account for unequal group sizes, larger 
multi-center studies are required to validate these findings.

Current research projects look at portable instruments for 
on-site genotyping as well as analgesic dosage prediction 
equations based on genetic polymorphisms. By better cus-
tomizing analgesic treatments to individual genetic profiles, 
these developments may improve the efficacy of pain control 
during childbirth.

Conclusion

Pregnant women with the Val158Met mutation in the COMT 
gene experience severe labor anxiety and reduced analgesic 
efficacy. Further research into the genetics of labor analgesia 
is essential to enhance the effectiveness of analgesic drugs 
for specific populations and to improve labor analgesia and 
maternal experience.

These findings add to the expanding corpus of research 
on targeted obstetric care. Although routine genotyping is 
not currently part of standard obstetric practice, our findings 
contribute to the growing field of precision obstetrics. In the 
future, if rapid and cost-effective genetic testing becomes 
feasible, individualized counseling and tailored analgesic 
strategies may be considered for women at risk of height-
ened anxiety or increased analgesic requirements.
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Table 4   The association 
between the need for top-up 
dose and COMT genotypes

Statistically significant (p value <0.05) is highlighted in bold

COMT gene analysis Total Chi-square value P value

AA GA GG

Need for top-up dose No Count 0 4 30 34 21.941 0.001*
% 0% 28.6% 85.7% 64.2%

Yes Count 4 10 5 19
% 100% 71.4% 14.3% 35.8%

Total Count 4 14 35 53
% 100% 100% 100% 100%
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