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Abstract

Objective Several studies have attempted to identify genetic determinants of clinical response to opioids administered during
labor or after cesarean section. However, their results were often contrasting. A systematic review and meta-analysis was
conducted to quantitatively assess the association between gene polymorphisms and clinical outcomes of opioid administra-
tion in the treatment of labor pain and post-cesarean pain.

Methods A comprehensive search was performed up to December 2023 using PubMed, Web of Knowledge, Cochrane
Library, and OpenGrey databases. The clinical endpoints of interest were pain score after opioid treatment, total opioid
consumption, patient’s analgesic satisfaction, and incidence of opioid side effects. Random-effects meta-analyses were
conducted when data were available in at least three studies.

Results Twenty-six studies enrolling 7765 patients were included in the systematic review. Overall, a total of 12 candidate
polymorphic genes (OPRM1, COMT, CYP2D6, CYP3A4, ABCB1, ABCC3, UGT2B7, CGRP, OPRK1, OPRD1, KCNJ6,
KCNJ9) were considered by the included studies, among which the most investigated variant was OPRM1 rs1799971. Overall
pooled results indicated that individuals carrying the G allele of OPRM 1 rs1799971 required higher opioid doses for pain
management in comparison to rs1799971 AA subjects (standardized mean difference: 0.26; 95% CI: 0.09-0.44; P=0.003).
Such an association was confirmed in the subgroups of patients with labor pain and post-cesarean pain.

Conclusion The present meta-analysis provides strong evidence of an association between OPRM1 rs1799971 and opioid
dose requirement for relief of labor pain or post-cesarean pain. However, given the insufficient evidence for other polymor-
phic gene variants, large studies are still needed to investigate the impact of genetic variability on the efficacy and safety of
opioid medications for relief of labor pain and post-cesarean pain (INPLASY Registration No. 202410040).
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Introduction [2, 3]. A significant proportion of postpartum women expe-

rience uterine involution pain, perineal pain, and incisional

Labor pain and delivery pain are among the worst pains
that women experience in their lives [1]. Although not life-
threatening, labor pain has relevant short- and long-term
consequences for the well-being of mother and fetus. Poorly
controlled labor pain can exacerbate maternal stress and
anxiety, prolong labor, and lead to fetal metabolic acidosis
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pain following cesarean section, which evolve into chronic
painin 6.1 to 11.5% of women [4, 5]. Notably, patients who
do not receive adequate analgesia before and after labor are
at higher risk of postpartum depression and post-traumatic
stress syndrome [6, 7]. Therefore, the provision of analgesics
to mitigate such harmful effects is becoming increasingly
common, especially in high-income countries [8].

Opioids are drugs often used for the management of labor
and post-cesarean pain [9-11]. However, patient response to
opioids is highly variable in terms of pain relief, occurrence,
and severity of side effects [12]. There are several factors
that can contribute to the inter-individual variability of opi-
oid response. These include clinical factors, such as age,
parity, stage of labor, ethnicity [13, 14], and genetic factors

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00228-024-03798-z&domain=pdf

European Journal of Clinical Pharmacology

[15]. Among the polymorphic variants of genes involved in
opioid pharmacokinetics (e.g., CYP2D6, CYP3A4, ABCBI,
COMT) or pharmacodynamics (e.g., OPRM ), much interest
has been focused on OPRM1 rs1799971 (A118G), a func-
tional single nucleotide polymorphism (SNP) in the gene
encoding the mu opioid receptor (MOR). This SNP con-
sists of an Asn40Asp amino substitution in the extracellular
N-terminus of the receptor which leads to reduced MOR
density on neuronal membranes and altered MOR-mediated
responses [16]. Some studies have shown that carriers of
OPRM1 151799971 G allele require higher opioid doses
to achieve pain relief during labor [17] or after a cesarean
section [18-20], when compared to homozygotes for the
rs1799971 A allele. Conversely, some other studies suggest
that the OPRM1 A118G polymorphism does not affect the
opioid dose requirement in both clinical settings [21-23].
Given the conflicting results of previous studies and the
increasing number of publications in this field, we herein
conducted a systematic review of published studies aimed
at quantitatively summarizing the evidence on the associa-
tion between gene polymorphisms and clinical outcomes of
opioid medications in the context of labor and post-cesarean
pain management.

Methods

This meta-analysis follows the Meta-analysis Of Observa-
tional Studies in Epidemiology (MOOSE) guidelines. The
MOOSE checklist is available in the Supplementary Materi-
als (Supplementary Table 1).

Literature search and inclusion/exclusion criteria

The protocol was set a priori to the literature search and
registered on the International Platform of Registered Sys-
tematic Review and Meta-analysis Protocols (INPLASY)
(Registration No. 202410040, doi:https://doi.org/10.37766/
inplasy2024.1.0040). A comprehensive search of electronic
databases (PubMed, Web of Knowledge, Cochrane Library,
and OpenGrey) was conducted up to November19'", 2024,
to identify potentially eligible studies. A Boolean combi-
nation of the following keywords was used: (opioid* OR
opiate* OR analges*) AND (polymorphism* OR SNP OR
SNPs OR variant* OR pharmacogenetic* OR pharmacog-
enomic*) AND (labor OR labour OR birth OR childbirth
OR afterbirth OR “after-birth” OR “post-childbirth” OR
prebirth OR “pre-birth” OR “near-birth” OR delivery OR
“post-delivery” OR postdelivery OR “pre-delivery” OR
predelivery OR postpartum OR “post-partum” OR antepar-
tum OR “ante-partum” OR intrapartum OR “intra-partum”
OR peripartum OR “peri-partum” OR partum OR natal OR
prenatal OR “pre-natal” OR postnatal OR “post-natal” OR
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neonatal OR “neo-natal” OR perinatal OR “peri-natal” OR
antenatal OR “ante-natal” OR intranatal OR “intra-natal”).
To be included, studies had to meet the following eligibil-
ity criteria: (1) observational studies or randomized clinical
trials including women treated with opioids by any route
of administration for relief of labor pain or post-cesarean
pain; (2) studies evaluating the association of any gene poly-
morphism with at least one of the following outcomes: (a)
pain score after opioid administration based on any patient-
reported scale; (b) total opioid consumption; (c) 50% effec-
tive opioid dose (ED50); (d) analgesic satisfaction based on
any patient-reported scale; (3) studies with sufficient data to
calculate the above-mentioned outcomes (pain score, total
opioid consumption, ED50, and analgesic satisfaction) as
mean + standard deviation; (4) incidence of any specific
adverse effect of opioid therapy. The following studies were
excluded from systematic review: (1) not human studies;
(2) studies not related to the research topics; (3) reports,
case series, meeting abstract, editorials, letters to the editor,
review articles, and meta-analyses; (4) studies not evaluating
the association of gene polymorphisms with at least one of
the outcomes of interest; (5) non-English publications, due
to limited translation resources.

All potentially relevant studies identified in the first
screening step were then read in full to check whether they
were eligible for inclusion. A manual review of primary
and review article references was also performed to iden-
tify additional relevant studies that had been overlooked in
the initial electronic search. In cases where data for a given
clinical outcome could not be extracted from an eligible
study, the missing data were requested by email to the cor-
responding author of the study. The study was excluded from
the systematic review or meta-analysis if the corresponding
author did not respond to the email or did not provide the
data requested for the effect size calculation. Two investiga-
tors (M.G. and S.C) independently screened the papers to
minimize the risk of excluding relevant records and a third
investigator (S.T.) resolved any discrepancies or conflicts.
The citations located and those excluded, including justifi-
cation, have been listed in an Excel file, which is available
upon request.

Data extraction

The following information was recorded for each included
study: first author’s last name, year of publication, study
location, patient ethnicity, type of pain (i.e., labor pain or
post-cesarean pain), time of pain assessment, opioid admin-
istered and route of administration, total number of opioid-
treated patients, reported outcome of interest, scale used
for pain score assessment, gene variant investigated, and
the genotyping method used. As for OPRM1 rs1799971,
which was found the most investigated SNP, the minor allele
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frequency (MAF) and the P-value of Hardy Weinberg Equi-
librium (HWE) test were also calculated from each study
when genotype distribution was reported as three sepa-
rate groups (AA, AG, GG), by an online HWE calculator
(https://www.had2know.org/academics/hardy-weinberg-
equilibrium-calculator-2-alleles.html). Means and standard
deviations for continuous outcomes (pain score, total opioid
consumption, ED50, and analgesic satisfaction), as well as
incidence of adverse events following opioid therapy were
extracted (or calculated) from each study for the three geno-
types, when available as separate groups (homozygous major
allele, heterozygous, and homozygous minor allele) or for
combined groups as reported in the primary study. For con-
tinuous outcomes, regrouping heterozygous data to either
homozygous group was calculated by combining means and
standard deviations from each group, using an online tool
available at https://www.statstodo.com/CombineMeansSDs.
php. When data were reported as means with confidence
intervals the standard deviation for each group was calcu-
lated by dividing the length of the confidence interval by
3.92 and then multiplying by the square root of the sample
size, as reported by the Cochrane Handbook for System-
atic Reviews of Interventions (https://training.cochrane.org/
handbook/current/chapter-06#section-6-5-2-2). If the inter-
quartile range (IQR, i.e., the difference between the third
and first quartile values) was available, rather than standard
deviation (SD), the standard deviation for each group was
estimated with the formula proposed by the Cochrane hand-
book: SD=1IQR/1.35 (https://training.cochrane.org/handb
ook/current/chapter-O6#section-6-5-2—5). When median and
range (minimum and maximum) or median, the first and
the third quartile values were reported, the mean +SD was
estimated using an online tool available at https://www.math.
hkbu.edu.hk/~tongt/papers/median2mean.html, which was
also used to verify lack of data skewness. If the data were
not skewed, mean and SD were used for calculation of the
pooled estimate. In two cases [17, 24], the freely available
software WebPlotDigitizer (version 4.6, https://automeris.
io/WebPlotDigitizer/) was used to extract data from graphs.
The data were independently extracted from eligible papers
by two researchers (M.G. and S.T.), who subsequently cross-
checked the data and resolved discrepancies.

Assessment of study quality

Two reviewers (M.G. and S.C.) independently assessed the
quality of the included studies using the Q-Genie tool and
any disagreement was resolved by consensus or by a third
reviewer (S.T.). The Q-Genie tool has been validated for
assessing the quality of genetic association studies and is
a Likert-type scale consisting of eleven questions (item 1,
rationale for study; item 2, selection and definition of out-
come of interest; item 3, selection and comparability of

comparison groups; item 4, technical classification of the
exposure; item 5, non-technical classification of the expo-
sure; item 6, other sources of bias; item 7, sample size and
power; item 8, a priori planning of analyses; item 9, statis-
tical methods and control for confounding; item 10, test-
ing of assumptions and inferences for genetic analyses; and
item 11, appropriateness of inferences drawn from results),
with a maximum score of 7 and a minimum score of 1 for
each question [25]. For studies with a control group, a
score < 35 indicates poor quality, 35-45 moderate quality,
and >45 good quality. For studies without a control group,
a score < 32 indicates low quality, 32—40 moderate quality,
and > 40 good quality.

Statistical analysis

The mean difference (MD) and its 95% confidence inter-
vals were used as summary statistics in meta-analyses of
continuous variables if the outcome measures were on the
same scale in all studies, otherwise the standard mean differ-
ence (SMD) and its 95% confidence intervals were derived
for each study and used for pooling the results. If repeated
time observations were reported in a single study, data with
a normal distribution at the longest time point were used to
determine the effect size of each study. With regard to the
pooled risk of a given adverse effect, the odds ratio (OR)
with 95% confidence intervals was calculated for each study
and used as the summary effect size. Studies, irrespectively
from the effect size, were pooled with the random-effect
model, which assumes that the true effect size may differ
from study to study due to differences (heterogeneity) among
studies [26]. The inverse variance weighted average statisti-
cal method was used for all comparisons of MD or SMD,
while the Mantel-Haenszel statistical method was used for
pooling ORs. Heterogeneity between studies was estimated
using the chi-squared-based Cochran’s Q test and its statis-
tical significance was set at P <0.10. Between-study het-
erogeneity was also estimated by the I? statistic, with an I
value ranging from O to 25% indicating insignificant hetero-
geneity, 26-50% implying low heterogeneity, 51-75% rep-
resenting medium heterogeneity, and 76—100% indicating
high heterogeneity. Meta-analyses were performed for each
gene polymorphism and outcome of interest when data were
available from at least three studies, and subgroup analyses
were performed based on the type of pain (i.e., labor pain
or post-cesarean pain). In addition, leave-one-out sensitive
meta- analyses were performed to assess the contribution of
each study to the pooled estimate by excluding individual
results one at a time and recalculating the pooled OR esti-
mates for the remaining results. All meta-analyses were con-
ducted using the Review Manager (RevMan) 5.4.1 software
and the statistically significant threshold for pooled analyses
was set at P <0.05. The presence of publication bias was
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assessed graphically by drawing funnel plots and statisti-
cally by the Egger’s test if at least ten studies were present
in the pooled analysis. If there was statistical evidence of
asymmetry in the funnel plot (Egger’s P-value <0.10), the
“trim-and-fill” method was used to adjust the overall effect
estimate. The ProMeta version 2 software (INTERNOVI di
Scarpellini Daniele s.a.s., Cesena FO, Italy) was used for
performing leave-one-out meta-analyses and assessment of
publication bias and trim-and-fill analysis.

Results
Literature search

A total of 1198 studies were identified from databases
(PubMed, n=558; Web of Knowledge, n=499; Cochrane
Library, n=139; OpenGray, n=0) and manual literature
search (n=2). After removing 202 duplicates and 969
reports not fulfilling inclusion and exclusion criteria, 27
studies, all observational studies in study design, published
between 2008 and 2024 were finally included in the system-
atic review [17-24, 27-45]. A detailed flowchart of the study
selection process is shown in Fig. 1.

General characteristics and quality of included
studies

The summarized characteristics of the included stud-
ies are shown in Table 1. Twelve studies included Asian
patients from China and Singapore [17, 18, 20, 24, 28, 29,
37, 39, 41-45]; 9 studies enrolled multi-ethnic patients
from the USA, Canada, Switzerland, Israel, and Singapore
[19, 21-23, 27, 31, 33, 34, 36]; 4 studies included Cau-
casian patients from Europe [30, 32, 35, 38]; and 1 study
enrolled patients from the Middle East [40]. Seventeen
studies recruited patients with post-cesarean pain [18-20,
22-24,28-31, 35-39, 41, 42], 9 studies enrolled patients
with labor pain [17, 27, 32-34, 40, 43-45], and 1 study
included patients with both types of pain [21]. In terms of
prescribed opioids, morphine was administered in 7 studies
[18, 19, 28, 29, 35, 38, 41], sufentanil in 8 studies [17, 24,
30, 32, 37, 43-45], fentanyl in 6 [20, 27, 33, 34, 39, 40],
codeine in 2 [23, 31], hydrocodone and hydromorphone in
2 [22, 36], fentanyl with morphine in 1 [21], and sufentanil
with tramadol in 1 study [42]. Overall, a total of 12 candi-
date polymorphic genes were analyzed (OPRM1, COMT,
CYP2D6, CYP3A4, ABCBI, ABCC3, UGT2B7, CGRP,
OPRKI, OPRDI1, KCNJ6, KCNJ9), among which OPRM1
rs1799971 was investigated in 17 studies [17-23, 27, 29, 30,
32-34, 37, 38, 40, 42]. As for the outcome investigated, the
majority of the included studies assessed pain score after
opioid administration (n=20), followed by total opioid
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consumption (n=15), analgesic satisfaction (n=4), and
half-maximal effective opioid concentration (EC50, n=2).
In addition, pruritus, nausea, and vomiting were the most
frequent types of adverse effects investigated. The Q-Genie
tool indicated that 22 studies were of good quality, 4 were of
moderate quality, and 1 study was of low quality, indicating
an overall good methodological quality of the considered
studies. The results of the quality assessment for each study
are presented in Supplementary Table 2. Meta-analyses with
at least three studies were conducted for OPRM1 rs1799971,
ABCBI1 rs1128503, COMT rs4680, CYP3A4 rs2242480,
and genetically predicted CYP2D6 phenotype. Results of
quantitative data synthesis for OPRM1 rs1799971 are pre-
sented below, while results for the other genetic variants
are described and presented in the Supplementary Material.

Association of OPRM1 rs1799971 with pain score
after opioid treatment

Thirteen cohorts from 12 studies, enrolling a total of 3320
patients, were available for the meta-analysis of the domi-
nant model of OPRM1 rs1799971 (GG or AG vs AA) and
association with pain score after opioid treatment [18-23,
27, 30, 34, 37, 40, 42]. The pooled results showed no
association with pain score under the dominant model of
rs1799971 (Fig. 2A), both in the overall analysis, as well
as in the subgroup of subjects with pain after cesarean sec-
tion or patients with labor pain. In the overall analysis, a
significant funnel plot asymmetry was detected according
to the Egger’s test (P=0.001) and the subsequent trim-and-
fill analysis identified six missing studies on the right side
of the funnel plot (Supplementary Fig. 1). The adjusted
trim-and-fill effect size was significant (SMD =0.18, 95%
CI10.08-0.28. P=0.001), indicating that the observed effect
size was influenced by missing studies.

Six studies, including a total of 2344 patients, were avail-
able for the meta-analysis between the recessive model of
OPRM1 151799971(GG vs AG or AA) and pain score after
opioid treatment [18-20, 23, 37, 42]. The Cochran’s Q test
revealed absence of between-study heterogeneity under the
recessive model (I’=0%, P=0.72). A significant difference
of pain score was detected in the pooled analysis (Fig. 2B),
which included patients with post-cesarean pain only (MD:
0.06; 95% CI: 0.00-0.12; P=0.04).

Association of OPRM1 rs1799971 with total opioid
consumption

Ten cohorts from 9 studies [17-23, 37, 42] were included
in the meta-analysis of the dominant model of OPRM1
rs1799971 and association with total opioid consumption.
In the overall analysis (Fig. 3A), the pooled results indi-
cated that individuals carrying the G allele (AG or GG) of



European Journal of Clinical Pharmacology

Identification

Screening

Eligibility

Included

558 Studies
identified
through PubMed

499 Studies 139 Studies 2 Studies 0 Studies
identified through identified through identified through identified through
Web of Knowledge Cochrane Library manual search OpenGray

202 Duplicates

A\ 4

996 Studies selected for
title and abstract
screening

\ 4

936 Excluded on basis of title and

abstract screening, with reasons:

e Reviews, meta-analysis, case reports,
editorials (n=129)

v

60 Studies selected for
full-text screening

\4

e Not human studies (n=64)

e Not related to research topics
(n=739)

e Notin English (n=4)

33 Excluded on basis of full-text

screening, with reasons:

e Not outcome of interest (n=7)

e Meeting abstract, protocol of study
(n=6)

\4

27 Studies included in
the systematic review

v
[ )

Not population of interest (n=14)

e Ongoing trial with not available
results (n=2)

e Not extractable data in the paper and

authors did not respond to our e-mail

(n=4)

Fig. 1 Flowchart of literature search and selection process of eligible studies

rs1799971 required higher opioid doses for pain manage-
ment compared to AA homozygous subjects (SMD: 0.26;
95% CI: 0.09-0.44; P=0.003). The results were stable in
sensitivity analysis (Supplementary Fig. 2A) with pooled

SMD values ranging between 0.26 (95%CI: 0.09-0.44,
P=0.003) and 0.46 (95%CI: 0.26-0.67, P <0.0001), and
no publication bias was detected in the funnel plot (Egger’s
test P-value=0.431, Supplementary Fig. 3). In addition
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Fig.2 Forest plots of the standardized mean differences of pain score
after opioid treatment for relief of labor pain and post-cesarean pain,
for the dominant model (GG or AG vs AA) (A) or for the recessive

(Fig. 3A), a significant effect of the dominant model of
rs1799971 on total opioid consumption was detected also
in the subgroups of subjects with labor pain (SMD: 0.25;
95% CI: 0.05-0.44; P=0.01) and post-cesarean pain (SMD:
0.27; 95% CI: 0.05-0.48; P=0.01).

Six studies including patients with post-cesarean pain
only [18-20, 23, 37, 42] were available for the associa-
tion between the recessive model of OPRM1 rs1799971
and total opioid consumption (Fig. 3B). A significant

@ Springer

GG A-carriers

model (GG vs AG or AA) (B) of OPRM1I 1s1799971. Note that the
diamond symbol in B is shown twice to emphasize the lack of studies
for the subgroup of patients with labor pain

difference was observed among carriers of rs1799971
GG genotype in comparison to carriers of the A-allele in
terms of opioid dose requirement for pain management
of post-cesarean pain (SMD: 0.59; 95% CI: 0.17-1.02;
P =0.006, Fig. 3B). The results were stable in sensitivity
analysis (Supplementary Fig. 2B), with pooled SMD val-
ues ranging between 0.41 (95%CI: 0.09-0.72, P=0.011)
and 0.67 (95%CI: 0.20-1.14, P=0.005).
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Fig.3 Forest plots of the standardized mean differences of total
opioid consumption after opioid treatment for relief of labor pain
and post-cesarean pain, for the dominant model (GG or AG vs AA)
(A) or for the recessive model (GG vs AG or AA) (B) of OPRM1

Association of OPRM1 rs1799971 with patient’s
analgesic satisfaction and risk of opioid side effects

Four studies [21, 27, 37, 40] involving 669 subjects were
available for the effect of the dominant model of OPRM 1
151799971 (GG or AG vs AA) on patient’s analgesic satis-
faction (Fig. 4). No significant differences were detected in
the pooled results between carriers of the rs1799971 G allele
in comparison to carriers of the rs1799971 AA genotype, in
both the overall and subgroup analyses (Fig. 4). As regard
to the association of OPRM1 rs1799971 with the risk of
opioid side effects, meta-analyses with at least three studies

GG A-carriers

rs1799971. Note that the diamond symbol in B is shown twice to
emphasize the lack of studies for the subgroup of patients with labor
pain

were available for pruritus (N, gies=9), nausea (N gies =7)s
and vomiting (Ng,4.s=3)- No significant differences were
found in the overall analyses or in the subgroups of patients
under either the dominant or the recessive genetic model of

rs1799971 (Supplementary Figs. 4, 5 and 6).

Discussion
In the present study we conducted a systematic review and

meta-analysis of the association between genetic polymor-
phisms and efficacy and safety of opioids administered

@ Springer
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- .

05 -025 0 025 05
G-carriers AA

Fig.4 Forest plot of the standardized mean difference of patient’s analgesic satisfaction after opioid treatment for relief of labor pain and post-
cesarean pain, for the dominant model of OPRM1 rs1799971 (GG or AG vs AA)

for pain relief during labor or after cesarean section. The
pooled results of good/moderate quality of the included stud-
ies highlight OPRM 1 151799971 as a determinant of opioid
consumption for labor and post-cesarean pain relief, with
carriers of the variant G allele requiring higher opioid doses
compared to AA subjects. The robustness of this finding was
proven by sensitivity meta-analysis that showed stability of
the pooled effect estimate. In addition, the recessive model
of rs1799971 was found associated with pain scores and
total opioid consumption of patients with post-cesarean pain.
Conversely, all overall meta-analyses conducted for ABCB1
rs1128503, COMT rs4680, CYP3A4 rs2242480, and geneti-
cally predicted CYP2D6 phenotype revealed no significant
association with the clinical endpoint investigated, which
included pain score, total opioid consumption, patient’s anal-
gesic satisfaction, and opioid side effects.

OPRM]1 rs1799971 (118 A > G) is a functional variant
that has long been considered as one of the most promising
genetic candidates for pain sensitivity and opioid analgesia
[46]. OPRM1 151799971 leads to a non-synonymous A > G
substitution at position 118 of OPRM 1, which exchanges
an Asn residue at amino acid position 40 of the N-terminal
extracellular region of the receptor for an Asp. In wild-type
receptors, the Asn residue serves as a site for N-glyco-
sylation, which is completely removed by the amino acid
exchange for Asp [47]. The first molecular consequence
discovered for rs1799971 was an approximately three times
higher affinity of beta-endorphin for the variant MORs
compared to the most common allelic form of the receptor.
However, such evidence was not confirmed for exogenous
opioids, such as fentanyl and morphine, for which the bind-
ing affinity to MOR resulted unaltered [48]. Subsequently,
rs1799971 was reported to reduce the signaling efficiency

@ Springer

of MOR by more than a third when induced by exogenous
opioids [49] and to a decrease of MOR expression, with car-
riers of the G allele showing halved OPRMI mRNA levels
in the brain compared to wild-type A carriers [50]. Interest-
ingly, rs1799971 appears to affect MOR expression in the
brain via a genetic-epigenetic interaction conferred by the
minor 118G allele: rs1799971 replaces the CA nucleotides
at position 117/118 with CG, leading to the introduction of
a new CpG site that confers a higher methylation degree,
which in turn impedes MOR upregulation in brain tissues
[51]. Since opioid-mediated analgesia mainly relies on MOR
density, carriers of the variant G-allele have been postulated
to exhibit poor response to opioids. Nevertheless, to date, no
standardized genotype-to-phenotype groupings have been
proposed for OPRM 1 and none of the current guidelines
recommends the OPRM 1 genotype-guided dosing of opioids
in any pain setting [52].

Our pooled results showed that carriers of the variant
rs1799971 G allele require higher opioid doses for achiev-
ing adequate pain relief compared to wild-type homozygous
patients. These findings differ from a previous meta-analysis
published in 2013 [53], which showed that women carrying
the rs1799971 G allele require less fentanyl doses for labor
pain compared with those with the AA genotype. However,
such discrepant result can be ascribed to the smaller sample
size of the previous meta-analysis (N=460) compared to
the one included in the present study (N=3066). On the
other hand, our results are in the same direction of associa-
tion as compared to previous meta-analyses evaluating the
relationship between rs1799971 and opioid consumption
in patients with postsurgical pain [54, 55]. It is notewor-
thy that previous meta-analyses focusing on different types
of postsurgical pain [54, 55] included very few studies on
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post-cesarean pain, which in turn may differ from other types
of post-operative pain [56]. In addition, our pooled results
showed a statistically significant association between the
recessive model of 11799971 and pain score after opioid
treatment in patients with post-cesarean pain, with carri-
ers of 1s1799971GG genotype showing higher pain scores
compared to carriers of the A allele. On the other hand,
the present meta-analysis revealed no significant associa-
tion between the dominant model of rs1799971 and pain
score after opioid treatment. Nevertheless, the trim-and-fill-
adjusted result was significant, suggesting that the pooled
effect size may be underestimated due to possible missing
studies. This latter result is in line with results of the above-
mentioned meta-analyses conducted on patients with post-
surgical pain, which reported significant higher postopera-
tive pain scores after opioid treatment among carriers of the
G allele of rs1799971 when compared to AA individuals
[54, 55]. As regard to the association of OPRM rs1799971
with opioid side effects, no association was found in overall
analyses, as well in the subgroups of patients with labor
pain and post-cesarean pain. Although sparse evidence exists
on the association of rs1799971 with nausea and vomiting
induced by opioids when administered for postoperative pain
[57, 58], our findings are consistent with the results of a
recent meta-analysis that showed no impact of rs1799971 on
the risk of nausea or vomiting after opioid administration in
patients with postoperative pain [54].

We acknowledge some limitations of the present study
that should be considered when interpreting the results.
First, the sample size of our meta-analyses was relatively
small, especially when meta-analyses were conducted in
the subgroup of patients with labor pain or when the role
of SNPs other than rs1799971 was investigated. In addi-
tion, Hardy—Weinberg imbalance was found in some of the
included studies, so we cannot rule out population stratifica-
tion or selection bias in these studies. Therefore, the results
of the present meta-analysis should be interpreted with
caution. Despite this, only 1 (4%) of the included studies
was rated of poor quality, 4 studies (12%) were of moderate
quality, and 22 studies (81%) of good quality, suggesting
an overall good methodological quality of the considered
studies. Second, we attempted to conduct a comprehensive
systematic review of all available published reports; how-
ever, corresponding authors of some eligible studies were
unable to provide the data requested for the effect size cal-
culation or did not respond to our email. In addition, 4 non-
English reports were identified and excluded from the sys-
tematic review due to limited translation resources. This may
explain, at least in part, the asymmetry detected in the funnel
plot for the association of rs1799971 with pain score. Never-
theless, the trim-and-fill-adjusted result was significant, sug-
gesting that the pooled effect size may have been underesti-
mated. Third, the studies included in the present systematic

review differ with respect to the type of pain (i.e., labor pain
or post-cesarean pain). However, for each gene polymor-
phism and outcome of interest, subgroup analyses were per-
formed based on the type of pain. Moreover, the included
studies differ with respect to some other characteristics,
such as type of administered opioid, route of administra-
tion, patients’ ethnicity, and genotyping method, which may
have an impact on the effect size estimation. The opioids
investigated in the studies included in this systematic review
differ in their pharmacokinetic and pharmacodynamic prop-
erties. For example, morphine, codeine (which is converted
to morphine), fentanyl, and sufentanil act as complete ago-
nists with high selectivity for p-opioid receptors (MORs),
their primary site of action. Although hydrocodone has a
relatively weak binding affinity for MORs, it is metabolized
by CYP2D6 through demethylation at the 3-carbon position
to hydromorphone, a metabolite with significantly higher
MOR affinity. Tramadol, a 4-phenyl-piperidine derivative of
codeine, also shows high selectivity for MORs, but acts as a
partial agonist at these receptors. However, despite these dif-
ferences all opioid analgesics share the common characteris-
tic that they interact with opioid receptors to relieve pain and
that they have certain side effects, although some of these
are more common with one drug than another. Nevertheless,
the limited number of studies included in each meta-analysis
hampered the possibility to deeply investigate factors poten-
tially causing between-study heterogeneity, which emerged
in some of the meta-analyses conducted. Lastly, due to the
lack of access to original data of primary studies, our meta-
analyses are based on unadjusted estimates, so the pooled
results might be confounded by relevant covariates, such as
age, sex, comorbidities, and adjuvant multimodal analgesia
administered to manage labor and post-cesarean pain. There-
fore, a meta-analysis of individual participant data should be
performed in the future to obtain pooled estimates for SNPs
adjusted for confounding variables.

Conclusions

The present systematic review and meta-analysis reviewed
the relationship between genetic variants and efficacy and
safety of opioids for pain relief during labor or after cesar-
ean section. The pooled results highlight OPRM 1 rs1799971
as a genetic factor with potential clinical utility in predict-
ing opioid dose requirement in such pain settings. If further
corroborated by larger studies, this pharmacogenetic factor
could potentially assist clinicians in optimizing maternal
pain management during labor and after cesarean section.
However, given the insufficient evidence for other polymor-
phic variants, there remains a need to investigate the impact
of genetic variability on the efficacy and safety of opioid
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medications in the contexts of labor-and post-cesarean pain
management.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00228-024-03798-z.

Author contribution M.G.: acquisition of data, analysis and interpreta-
tion of data, drafting the manuscript, final approval of the version to be
published; S.C.: conception and design, acquisition of data, interpreta-
tion of data, critical revision, drafting the manuscript, final approval
of the version to be published; M.T.: interpretation of data, critical
revision, drafting the manuscript, final approval of the version to be
published; S.T.: conception and design, acquisition of data, interpreta-
tion of data, critical revision, drafting the manuscript, final approval of
the version to be published.

Funding Open access funding provided by Universita degli Studi
del Piemonte Orientale Amedeo Avogrado within the CRUI-CARE
Agreement.

Data availability Data is provided within the manuscript or supple-
mentary information files.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Thomson G, Feeley C, Moran VH, Downe S, Oladapo OT (2019)
Women’s experiences of pharmacological and non-pharmacolog-
ical pain relief methods for labour and childbirth: a qualitative
systematic review. Reprod Health 16:71

2. Reynolds F (2010) The effects of maternal labour analgesia on the
fetus. Best Pract Res Clin Obstet Gynaecol 24:289-302

3. Reynolds F (2011) Labour analgesia and the baby: good news is
no news. Int J Obstet Anesth 20:38-50

4. Mackenzie J, Murray E, Lusher J (2018) Women’s experiences of
pregnancy related pelvic girdle pain: a systematic review. Mid-
wifery 56:102-111

5. Lavand’homme P (2019) Postpartum chronic pain. Minerva Anes-
tesiol 85:320-324

6. Andersen LB, Melvaer LB, Videbech P, Lamont RF, Joergensen
JS (2012) Risk factors for developing post-traumatic stress disor-
der following childbirth: a systematic review. Acta Obstet Gynecol
Scand 91:1261-1272

7. Lim G, Farrell LM, Facco FL, Gold MS, Wasan AD (2018) Labor
analgesia as a predictor for reduced postpartum depression scores:
a retrospective observational study. Anesth Analg 126:1598-1605

@ Springer

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Seijmonsbergen-Schermers AE, van den Akker T, Rydahl E,
Beeckman K, Bogaerts A, Binfa L et al (2020) Variations in use
of childbirth interventions in 13 high-income countries: a multi-
national cross-sectional study. PLoS Med 17:e1003103
Zuarez-Easton S, Erez O, Zafran N, Carmeli J, Garmi G, Salim
R (2023) Pharmacologic and nonpharmacologic options for
pain relief during labor: an expert review. Am J Obstet Gynecol
228:S1246-S1259

Pharmacologic stepwise multimodal approach for postpartum
pain management (2021) ACOG Clinical Consensus No. 1. Obstet
Gynecol 138:507-517

Smith A, Laflamme E, Komanecky C (2021) Pain management in
labor. Am Fam Physician 103:355-364

Nanji JA, Carvalho B (2020) Pain management during labor and
vaginal birth. Best Pract Res Clin Obstet Gynaecol 67:100-112
Wong CA (2012) The promise of pharmacogenetics in labor
analgesia...tantalizing, but not there yet. Int J Obstet Anesth
21:105-108

Anim-Somuah M, Smyth RM, Cyna AM, Cuthbert A (2018)
Epidural versus non-epidural or no analgesia for pain manage-
ment in labour. Cochrane Database Syst Rev 5:CD000331
Magarbeh L, Gorbovskaya I, Le Foll B, Jhirad R, Miiller DJ
(2021) Reviewing pharmacogenetics to advance precision medi-
cine for opioids. Biomed Pharmacother 142:112060

Huang P, Chen C, Mague SD, Blendy JA, Liu-Chen LY (2012)
A common single nucleotide polymorphism A118G of the p
opioid receptor alters its N-glycosylation and protein stability.
Biochem J 441:379-386

Chen Y, Chen Q, Cai C, Lin X, Yu W, Huang H et al (2023)
Effect of OPRM1/COMT gene polymorphisms on sufentanil
labor analgesia: a cohort study based on propensity score match-
ing. Pharmacogenomics 24:675-684

Sia AT, Lim Y, Lim EC, Goh RW, Law HY, Landau R et al
(2008) A118G single nucleotide polymorphism of human mu-
opioid receptor gene influences pain perception and patient-con-
trolled intravenous morphine consumption after intrathecal mor-
phine for postcesarean analgesia. Anesthesiology 109:520-526
Tan EC, Lim EC, Teo YY, Lim Y, Law HY, Sia AT (2009) Eth-
nicity and OPRM variant independently predict pain perception
and patient-controlled analgesia usage for post-operative pain.
Mol Pain 5:32

Zhang J, Zhang L, Zhao X, Shen S, Luo X, Zhang Y (2018)
Association between MDR1/CYP3A4/OPRM1 gene polymor-
phisms and the post-caesarean fentanyl analgesic effect on Chi-
nese women. Gene 661:78-84

Wong CA, McCarthy RJ, Blouin J, Landau R (2010) Observa-
tional study of the effect of mu-opioid receptor genetic polymor-
phism on intrathecal opioid labor analgesia and post-cesarean
delivery analgesia. Int J Obstet Anesth 19:246-253

Boswell MV, Stauble ME, Loyd GE, Langman L, Ramey-Har-
tung B, Baumgartner RN et al (2013) The role of hydromor-
phone and OPRMI in postoperative pain relief with hydroco-
done. Pain Physician 16:E227-E235

Baber M, Chaudhry S, Kelly L, Ross C, Carleton B, Berger H
et al (2015) The pharmacogenetics of codeine pain relief in the
postpartum period. Pharmacogenomics J 15:430-435

Lv J, Liu F, Feng N, Sun X, Tang J, Xie L (2018) CYP3A4
gene polymorphism is correlated with individual consumption
of sufentanil. Acta Anaesthesiol Scand 62:1367-1373

Sohani ZN, Meyre D, de Souza RJ, Joseph PG, Gandhi M, Den-
nis BB et al (2015) Assessing the quality of published genetic
association studies in meta-analyses: the quality of genetic stud-
ies (Q-Genie) tool. BMC Genet 16:50

Borenstein M, Hedges LV, Higgins JP, Rothstein HR (2010) A
basic introduction to fixed-effect and random-effects models for
meta-analysis. Res Synth Methods 1:97-111


https://doi.org/10.1007/s00228-024-03798-z
http://creativecommons.org/licenses/by/4.0/

European Journal of Clinical Pharmacology

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Landau R, Kern C, Columb MO, Smiley RM, Blouin JL (2008)
Genetic variability of the mu-opioid receptor influences intrath-
ecal fentanyl analgesia requirements in laboring women. Pain
139:5-14

Sia AT, Sng BL, Lim EC, Law H, Tan EC (2010) The influence
of ATP-binding cassette sub-family B member -1 (ABCB1)
genetic polymorphisms on acute and chronic pain after intrath-
ecal morphine for caesarean section: a prospective cohort study.
Int J Obstet Anesth 19:254-260

Tsai FF, Fan SZ, Yang YM, Chien KL, Su YN, Chen LK (2010)
Human opioid p-receptor A118G polymorphism may protect
against central pruritus by epidural morphine for post-cesarean
analgesia. Acta Anaesthesiol Scand 54:1265-1269

De Capraris A, Cinnella G, Marolla A, Salatto P, Da Lima S,
Vetuschi P et al (2011) Micro opioid receptor A118G polymor-
phism and post-operative pain: opioids’ effects on heterozygous
patients. Int J Immunopathol Pharmacol 24:993-1004
VanderVaart S, Berger H, Sistonen J, Madadi P, Matok I, Gijsen
VM et al (2011) CYP2D6 polymorphisms and codeine analgesia
in postpartum pain management: a pilot study. Ther Drug Monit
33:425-432

Camorcia M, Capogna G, Stirparo S, Berritta C, Blouin JL, Lan-
dau R (2012) Effect of p-opioid receptor A118G polymorphism
on the ED50 of epidural sufentanil for labor analgesia. Int ] Obstet
Anesth 21:40-44

Landau R, Liu SK, Blouin JL, Carvalho B (2013) The effect of
OPRM1 and COMT genotypes on the analgesic response to intra-
venous fentanyl labor analgesia. Anesth Analg 116:386-391
Ginosar Y, Birnbach DJ, Shirov TT, Arheart K, Caraco Y, David-
son EM (2013) Duration of analgesia and pruritus following
intrathecal fentanyl for labour analgesia: no significant effect of
A118G p-opioid receptor polymorphism, but a marked effect of
ethnically distinct hospital populations. BrJ Anaesth 111:433-444
Quinta R (2014) CYP2D6 genetic variation and predicted meta-
bolic profile in post-cesarean section pain: pharmacogenetic inter-
pretation. PhD Thesis. Universidade de Coimbra (Portugal)
Stauble ME, Moore AW, Langman LJ, Boswell MV, Baumgartner
R, McGee S et al (2014) Hydrocodone in postoperative person-
alized pain management: pro-drug or drug? Clin Chim Acta
429:26-29

Xu GH, Gao M, Sheng QY, Liu XS, Gu EW (2015) Opioid recep-
tor A118G polymorphism does not affect the consumption of
sufentanil and ropivacaine by patient-controlled epidural analgesia
after cesarean section. Ther Drug Monit 37:53-57

Pettini E, Micaglio M, Bitossi U, De Gaudio AR, Degl’Innocenti
DR, Tofani L et al (2018) Influence of OPRM1 polymorphism on
postoperative pain after intrathecal morphine administration in
italian patients undergoing elective cesarean section. Clin J Pain
34:178-181

Xie W, Zhuang W, Chen L, Xie W, Jiang C, Liu N (2018) 4218T/C
polymorphism associations with post-cesarean patient-controlled
epidural fentanyl consumption and pain perception. Acta Anaes-
thesiol Scand 62:376-383

Zgheib NK, Aouad MT, Taha SK, Nassar AH, Masri RF, Khoury
MY et al (2018) p-opioid receptor genetic polymorphisms and
duration of epidural fentanyl analgesia during early labor. Minerva
Anestesiol 84:946-954

Kung CC, Chen SS, Yang HJ, Lai CJ, Chen LK (2018) Pharma-
cogenetic study of pruritus induced by epidural morphine for post
cesarean section analgesia. Taiwan J Obstet Gynecol 57:89-94
Wang L, Wei C, Xiao F, Chang X, Zhang Y (2019) Influences of
COMT 154680 and OPRM1 rs1799971 polymorphisms on chronic
postsurgical pain, acute pain, and analgesic consumption after
elective cesarean delivery. Clin J Pain 35:31-36

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Xiaohong Y, Xue-ming H (2020) COMTval158met gene polymor-
phism correlation with prenatal anxiety and labor analgesia. Int J
Hum Genet 20:104-109

Shu X, Yan Y, Yu J, Chi L (2024) Cytochrome P4503A4 gene
polymorphisms guide safe sufentanil analgesic doses in pregnant
Chinese mothers: a multicenter, randomized, prospective study.
Pharmacogenet Genomics 34:8-15

Li W, Xiao T, Wu X, Wu X, Xiang R, Liu H et al (2024) Associa-
tion between ABCB1 gene polymorphisms and labor analgesia in
primiparas. Clin Exp Obstet Gynecol 51:200

Walter C, Doehring A, Oertel BG, Lotsch J (2013) p-opioid
receptor gene variant OPRM1 118 A>G: a summary of its
molecular and clinical consequences for pain. Pharmacogenom-
ics 14:1915-1925

Mestek A, Hurley JH, Bye LS, Campbell AD, Chen Y, Tian M
et al (1995) The human mu opioid receptor: modulation of func-
tional desensitization by calcium/calmodulin-dependent protein
kinase and protein kinase C. J Neurosci 15:2396-2406

Bond C, LaForge KS, Tian M, Melia D, Zhang S, Borg L et al
(1998) Single-nucleotide polymorphism in the human mu opioid
receptor gene alters beta-endorphin binding and activity: possi-
ble implications for opiate addiction. Proc Natl Acad Sci U S A
95:9608-9613

Oertel BG, Kettner M, Scholich K, Renné C, Roskam B,
Geisslinger G et al (2009) A common human micro-opioid recep-
tor genetic variant diminishes the receptor signaling efficacy in
brain regions processing the sensory information of pain. J Biol
Chem 284:6530-6535

Zhang Y, Wang D, Johnson AD, Papp AC, Sadée W (2005) Allelic
expression imbalance of human mu opioid receptor (OPRM1)
caused by variant A118G. J Biol Chem 280:32618-32624
Oertel BG, Doehring A, Roskam B, Kettner M, Hackmann N,
Ferreiros N et al (2012) Genetic-epigenetic interaction modulates
p-opioid receptor regulation. Hum Mol Genet 21:4751-4760
Crews KR, Monte AA, Huddart R, Caudle KE, Kharasch ED,
Gaedigk A et al (2021) Clinical pharmacogenetics implementa-
tion consortium guideline for CYP2D6, OPRM1, and COMT
genotypes and select opioid therapy. Clin Pharmacol Ther
110:888-896

Song Z, Du B, Wang K, Shi X (2013) Effects of OPRM1 A118G
polymorphism on epidural analgesia with fentanyl during labor:
a meta-analysis. Genet Test Mol Biomarkers 17:743-749

Li ZX, Ye F, Li WY, Bao YP, Cheng YC, Song ZW et al (2023)
The effect of genetic variation on the sensitivity to opioid analge-
sics in patients with postoperative pain: an updated meta-analysis.
Pain Physician 26:E467-E485

Frangakis SG, MacEachern M, Akbar TA, Bolton C, Lin V, Smith
AV et al (2023) Association of genetic variants with postsurgi-
cal pain: a systematic review and meta-analyses. Anesthesiology
139:827-839

Landau R, Ortner CM, Vuilleumier PH (2013) The impact of
genetics and other factors on intra- and post-partum pain. Curr
Anesthesiol Rep 3:264-274

Kong Y, Yan T, Gong S, Deng H, Zhang G, Wang J (2018) Opi-
oid receptor mu 1 (OPRM1) A118G polymorphism (rs1799971)
and postoperative nausea and vomiting. Am J Transl Res
10:2764-2780

Zhang X, Liang Y, Zhang N, Yan Y, Liu S, Fengxi H et al (2019)
The relevance of the OPRM1 118A>G genetic variant for opioid
requirement in pain treatment: a meta-analysis. Pain Physician
22:331-340

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Pharmacogenetics of opioid medications for relief of labor pain and post-cesarean pain: a systematic review and meta-analysis
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Literature search and inclusionexclusion criteria
	Data extraction
	Assessment of study quality
	Statistical analysis

	Results
	Literature search
	General characteristics and quality of included studies
	Association of OPRM1 rs1799971 with pain score after opioid treatment
	Association of OPRM1 rs1799971 with total opioid consumption
	Association of OPRM1 rs1799971 with patient’s analgesic satisfaction and risk of opioid side effects

	Discussion
	Conclusions
	References


