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KEY POINTS

e Biological sex as a variable in pain perception has been rigorously studied.

e However, there is little correlation between clinical and experimental studies with regard to
this.

e There has been a surge of interest and research in the correlation of genes and single-
nucleotide polymorphisms in relation to pain perception, and opioid pharmacokinetics.

e However, there have not yet been studies or reports of generalized application of this
testing to improve acute postoperative pain outcomes.

INTRODUCTION

Acute postoperative pain is one of the major challenges in the immediate postopera-
tive period. Poorly controlled pain leads to increased morbidity and poor clinical out-
comes following surgery. A total of around 51.4 million surgical procedures were
performed in the United States in 2010," and addressing pain in very diverse clinical
situations poses a huge economic burden on the health care industry.

It can be challenging to assess and treat pain due to its subjective nature and differ-
ences in perception. Inadequately controlled pain is not just distressing to the patient
but can cause adverse physiologic effects, including tachycardia and increased car-
diac metabolic demand. This contributes to the risk for major adverse cardiac and
neurologic events. Uncontrolled acute pain further impairs a patient’s postoperative
recovery and rehabilitation, which in turn lengthens postanesthesia care unit and
hospital stay and increases hospital readmission rates.? In contrast, overtreatment
of acute pain may cause respiratory complications, delirium, oversedation, postoper-
ative nausea and vomiting, urinary retention, and ileus. These risks can be translated
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into individual patient morbidity and mortality, prolonged hospitalization, delayed re-
covery and rehabilitation, increased rates of hospital readmission, as well as increased
economic cost to society.®*

Identification of patient-specific and procedure-related factors predictive of these
complications may guide perioperative pain management and improve patient out-
comes. Because pain is a perceived, unpleasant sensory and emotional experience,
the individual’s pain perception is the basis of their treatment plan. Characterization
of factors that are associated with pain experience is one strategy to identify new tar-
gets for treatment. Differences in genetics and sex have been associated with vari-
ability in pain perception in experimental and clinical settings. Clearly, sex and
genotype are not modifiable variables. However, sex is associated with many other
variables, including hormonal differences that can be used to a patient’s advantage
for pain management.>® Smaller genetic differences in a gene or regulatory pathway
can also point to targets for intervention.

SEX AS A VARIABLE IN EXPERIMENTAL PAIN PERCEPTION

There has been a considerable interest in pain differences in male and female individ-
uals. Differences exist with respect to pain perception—clinical and experimental,
severity of pain, and treatment responses.”:

Woodrow and colleagues® in 1972 found men had greater pain tolerance to pres-
sure on Achilles tendon than women. Similar trends were noted with respect to pain
in cephalic muscles and first dorsal interossei muscle.%"

Heat Pain Stimuli

Painful perception of noxious stimuli is mediated by transient receptor potential vanil-
loid 1 (TRPV1) receptors on C nerve fibers. There has been evidence that men have a
higher thermal pain threshold and tolerance compared with women.'2~'% Women
rated noxious stimuli as more intense than men and also could differentiate the pain
intensities better than men.'®

Cold Pain Stimuli

Cold pressor task is commonly used to quantify cold pain perception. In the cold pres-
sor task, subjects are asked to immerse a body part in cold water as the experimenter
quantifies how pain is perceived. Multiple studies have consistently found that men have
a higher pain tolerance in cold pressor tasks than women. Cold sensory conduction is
primarily believed to be mediated by a member of TRP family of excitatory ion channels,
cold and menthol receptor 1 (CMR1)."® This cold and menthol-sensitive receptor trans-
duces cold stimuli in the somatosensory system. CMR1 also designated as transient
receptor potential channel M8 (TRPM8) transduces cold stimuli and mediated
menthol-induced analgesia in acute and inflammatory pain.'®'” Women exhibit
increased cold pain sensitivity, the mechanism for which is poorly understood.'”

Electrical Stimuli

In response to electrical stimuli, delivered at regular intervals, on the left hand finger pads,
Robin and colleagues'® showed a lower pain tolerance threshold in female individuals
than in male individuals. This study also showed a significant correlation between the
anxiety score and the pain tolerance threshold with a possible attribution of low pain
threshold to higher anxiety levels in female individuals. Lund and colleagues'® investi-
gated changesin electrical sensory thresholds and electrical pain thresholds, inresponse
to high-frequency transcutaneous electrical nerve stimulation. They noticed systematic
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changes toward increased electrical pain thresholds were only seen in women and not in
men. They found significant additional individual variations in the women’s responses of
assessed electrical sensory and pain thresholds but not in men. They concluded that
both women and men responded with a significant increase of the electrical sensory
threshold to high-frequency transcutaneous electrical nerve stimulation (TENS), but
only women responded with increase of the electrical pain thresholds.

Ischemic Pain Stimuli

Maixner and colleagues?’ studied gender-related differences in pain and cardiovascu-
lar responses to forearm ischemia produced by the submaximal effort tourniquet pro-
cedure. Though the time to onset and tolerance of ischemic pain was similar in both
male and female participants, female participants reported ischemic pain to be
more intense and of greater unpleasantness than male participants. Arm ischemia
evoked pressor responses in male participants and correlated with reported ischemic
pain. There was either a decrease or no change in arterial pressure in female partici-
pants and no correlation with reported pain. Similar patterns of association between
cardiovascular response and physical pain were seen in a study by Lincoln and col-
leagues®' where male participants exhibited moderate association, which was lacking
in female participants. This association was lost with habituation in a sex-dependent
manner. However, there has also been evidence of no significant differences in
ischemic pain between male and female individuals.??23

Inflammatory Pain Stimuli

Acute postoperative pain has an inflammatory component. Nonsteroidal anti-
inflammatory drugs are useful for inflammation-mediated pain management after sur-
gery. They have been shown to increase patient satisfaction and to decrease opioid
use.?* Kakei and colleagues?® studied the analgesic effects of ibuprofen gargle after
mandibular third molar extractions and found that women are more likely to benefit
from the short-term analgesic effects of ibuprofen gargle after mandibular third molar
extraction.

SEX HORMONES AND PAIN PERCEPTION IN WOMEN

The hormonal differences between male and female individuals and their effect on
pain perception has been an area of interest. The differences serve critical roles not
only in fetal development and physical changes during puberty but also can affect
the activities of the central nervous system (CNS) and peripheral nervous system.

A comparative study by Gueko and colleagues®® found that healthy women show
more experimentally induced central sensitization compared with men. They found
that the effect of a thermal central sensitization induction protocol on secondary me-
chanical hyperalgesia was higher in women than in men than a sham protocol. Their
findings indicate that dorsal horn central sensitization processes are more pronounced
in healthy women than in men.?® Pain perception varies with different phases of the
menstrual cycle with the follicular phase having higher pain thresholds compared to
the luteal phase.?” Similar differences have been in conditions such as rheumatoid
arthritis, hormone-related migraines, fibromyalgia, and chronic fatigue syndrome.?8-3°

The effects of estrogen and progesterone on pain are complicated as they have
both pronociceptive and antinociceptive properties. Estrogen has a significant role
in modulating endogenous opioid neurotransmission and associated psychophysical
responses to a pain stressor in humans.®" Oxytocin, a neuropeptide secreted by the
hypothalamus, is believed to have analgesic effects at the spinal cord and peripheral
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nerve levels in addition to its well-known role during childbirth and lactation. This could
be exploited to modulate pain perception3-3*

SEX AS A FACTOR IN ACUTE POSTOPERATIVE PAIN

Evidence regarding pain perception and the need for postoperative analgesia has
been conflicting. Women have exhibited more sensitivity to experimental noxious
stimuli and greater prevalence of pain in experimentally induced pain setting.”3%-%6
However, clinically the evidence is rather conflicting.®”~*° Numerous studies show
that women reported higher postoperative pain than men after elective abdominal sur-
geries, gastric bypass surgeries, unsedated colonoscopy, ultrasound-guided abdom-
inal interventions, cardiac and lung cancer surgeries, and total hip arthroplasty.*'=47

Despite reported higher ratings of postoperative pain in women, men used more
morphine in the acute postoperative period after elective abdominal surgery.*’ There
have been reports of male patients reporting more postoperative pain—excisional
hemorrhoidectomy, stapled hemorrhoidopexy, and liver transplantation.*®=°° Other
studies have reported no differences in postoperative pain.®'->* The wide variation
in the kind of postsurgical pain studied, study design, and the mixed evidence makes
it hard to generalize the findings to all kinds of acute postoperative pain.

Sex and Opioid Analgesia

Animal studies suggest that opioid analgesia is more effective in male rats than in fe-
male rats that have lesser body fat.®® However, the evidence in human studies in this
matter is inconsistent, though the differential proportion of body fat would be ex-
pected to affect the pharmacokinetics of highly lipophilic drugs.

Therisk of adverse effects is higher in women receiving opioid analgesia than their male
counterparts. Women reported a higher risk of postoperative nausea and vomiting.>%-%"
The risk of opioid-induced respiratory depression and CNS depression was also higherin
women than in men.>®-%° When administered as patient-controlled analgesia, women
used less morphine than men.*':6'-63 Women tend to have a slower onset and offset of
action of morphine suggesting greater potency of the drug. However, there were no dif-
ferences in the plasma concentration of morphine or its metabolites in both sexes.

Nalbuphine and butorphanol have better analgesia in women than in men. They pri-
marily act via the kappa receptors, suggesting a better kappa-induced analgesia in
women than in men.%

Studies of opioid consumption according to sex have been mixed; however, these
studies have been small with a high risk of bias. It is important to keep in mind that the
absence of a positive effect in small studies does not prove the negative, but often re-
flects a lack of statistical power.

OVERALL GENETIC VARIABILITY IN PAIN PERCEPTION

Comparing differences in pain perception between monozygotic and dizygotic twins
can help separate the role of genetics from the role of the environment. Twin studies
have been used to evaluate the role of genetics using quantitative sensory testing.
Although quantitative sensory testing may seem remote to acute and postoperative
pain experience, it has the benefit of allowing for the identification of a specific mech-
anism that can then be evaluated in the appropriate clinical model. For example, treat-
ments effective in modulating response to heat and acid would be important to
investigate in burn injury. Understanding the different aspects of pain perception,
including the underlying physiology and pharmacology, may yield clinically important
findings and treatment options.

Descargado para Daniela Zaiiiga Agiiero (danyzuag@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en febrero 13, 2025. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Acute Pain and Perioperative Opioid Analgesia

Pain perception studies frequently quantify pain threshold and pain tolerance. It is
important to note that pain threshold and tolerance are 2 different phenomena. Pain
threshold is a measure of pain perception sensitivity, whereas pain tolerance is a mea-
sure of the maximum painful stimulus a person can endure. Clinically, pain tolerance
may be of greater interest in patients with acute postoperative pain from surgery who
need to participate in activities related to recovery. This aspect of the pain experience
is impacted by physiologic and psychological factors.

In experimental pain paradigms, twin studies predict that approximately 50% of the
variance in cold pressor pain sensitivity can be attributed to genetic factors.®%° Simi-
larly, 25% to 53% of heat sensitivity variance was attributed to genetic factors.®%:6
Pain induced by injection of acid and ATP (modeling ischemic pain) has significant her-
itable component also.®”

SINGLE GENE MUTATIONS—SINGLE-NUCLEOTIDE POLYMORPHISMS AND PAIN

The advent of high-throughput DNA screening has made identification of single-
nucleotide polymorphisms (SNPs) not only possible but also affordable. Companies
have used “gene chips” that contain many small samples of DNA and allow for the
detection of many genetic differences or SNPs at one time. These chips are used to
identify genetic differences in disease processes and drug response and are marketed
directly to the public. They have also allowed for genetic association studies that link
SNPs to specific phenotypes of acute and persistent postsurgical pain, and response
to analgesic drugs.

The association of a wide variety of SNPs with pain and analgesia phenotypes after
a wide variety of surgeries has been studied. In these studies, postoperative pain
report, opioid analgesic use, and development of persistent postsurgical pain were
assessed and genetic differences were evaluated. A partial list of genes and surgery
types evaluated is found in Table 1. A more complete summary of genetic association
studies is beyond the scope of this review, but it can be found in the review articles
by Chidambaran and colleagues,®® Elmallah and colleagues,®® Fillingim and
colleagues,’® and Ren and colleagues.”"

Recent advances have made gene chip analysis routine, whole human genome
sequencing tractable, and likely soon economical. However, there are certain caveats
since these techniques are very powerful and have the possibility of finding important
associations and are capable of picking a needle out of a haystack. Making conclu-
sions from their results requires restraint and careful statistical consideration. If one
attempts to identify an association at a P value of .05, 5% of the time the apparent as-
sociation will be false. If one looks at 20 potential SNPs that have no association with
an outcome, you are virtually assured to find 1 false-positive association. For this
reason, the association must be very strong and replicated in another dataset.

With those limitations in mind, some pain-related outcomes have been mapped
multiple times to several genes in multiple different gene association studies using
different techniques. We discuss potentially pain-related SNPs in 4 pain-related genes
that have been extensively studied: catechol-o-methyltransferase (COMT), opioid re-
ceptor mu 1 (OPRM1), ATP-binding cassette (ABC) subfamily B member-1 (ABCB1),
and melanocortin 1 receptor (MC1R).

COMT Gene

The COMT gene encodes a protein that catalyzes the transfer of a methyl group from
S-adenosylmethionine in catecholamines and neurotransmitters, such as dopamine,
epinephrine, and norepinephrine. The COMT enzyme plays a role in phase Il
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Table 1
Single-nucleotide polymorphism variants implicated in postoperative acute pain according to
sex and surgery type
Gene Chromosome Surgery/Pain Sex References
MAOB 23 Tonsillectomy Both >4
COMT 22 Third molar extraction Both 55759
Lumbar spine surgery Both
Tonsillectomy Both
Cesarean section Female
Knee replacement Both
1L1R2 2 Breast cancer surgery Female 60
IL10 1 Breast cancer surgery Female 61
OPMR1 6 Hysterectomy Female 60,62-64
Cesarean section Female
Thoracotomy Both
Tonsillectomy Both
ABCD1 7 Cesarean section Female 65,66
Colorectal Both
NTRK1 1 Ortho/Abd Both 57
KCNA1 12 Breast cancer surgery Female 68
KCNJ3 2
KCNJ6 21
KCND2 7
KCNK9 8
GCH1 14 Herniotomy Male 69
HCRTR2 6 Abdominal surgery Both 70
SCN9A 2 Gynecologic laparoscopic surgery Female 71
BDNF 11 Various with skin incision Both 72
CTSG 14 Various with skin incision Both 73
ADRB2 5 First-stage labor pain Female 74

From: Kwon AH, Flood P. Genetics and Gender in Acute Pain and Perioperative Opioid Analgesia.
Anesthesiol Clin. 2020;38(2):341-355. https://doi.org/10.1016/j.anclin.2020.01.003.

biotransformation reactions when detoxifying medications. The activity of the COMT
enzyme plays a role in modulating catechol-dependent functions, such as cognition,
cardiovascular function, and pain signal processing. Patients with COMT SNPs
(rs6269, rs4633, rs4818, and rs4680) typically have lower metabolic activity of the
COMT enzyme that is associated with lower postoperative pain scores, less opioid re-
quirements, and a lower incidence of postsurgical persistent pain.”?>7¢ There are
many common SNPs in the COMT gene that are in linkage disequilibrium, and as
such, it is difficult to make mechanistic assumptions about the role of any particular
SNP. However, low enzyme activity would be expected to result in a greater average
amount of norepinephrine available at the synapse, facilitating descending inhibition.
Drugs that inhibit norepinephrine metabolism, including serotonin-norepinephrine re-
uptake inhibitors are effective analgesics.

ACBC1 Gene

The ABC transporters are membrane-associated active transporters of various mole-
cules across the cell membrane. ABCB1 codes for P-glycoprotein, which is also well
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known for the active transport of many drugs into and out of the cell and across the
blood-brain barrier.”® As part of the blood-brain barrier, it acts to actively transport
morphine out of the CNS. Important in anesthesia, this active transport is the reason
why in the CNS the activity of morphine takes longer to peak than that of other opioids.
Two different studies identified an SNP in the ABCB1 gene, C3435 T, which is asso-
ciated with clinically relevant persistent pain after cesarean section and opioid sensi-
tivity in abdominal surgical patients.””~"° Patients homozygous for the C3435 T allele
required less fentanyl postoperatively after colorectal abdominal surgery.”® Individuals
who are homozygous for the C3435 T allele have decreased drug efflux activity, which
presumably allows for more opioids to accumulate in the CNS compared with the wild-
type genotype. However, after cesarean section, Sia and colleagues®® did not find an
association between postoperative opioid use during the first 24 hours and ABCBH1
genotype. This is, perhaps, not surprising as in the study by Sia and colleagues, all
participants received morphine intrathecally on induction of surgical anesthesia for
caesarean section. Intrathecal morphine used in spinal anesthesia bypasses the
blood-brain barrier and metabolism by P-glycoprotein.

OPRM1 Gene

Opioid receptor agonists are currently the mainstay in the treatment of moderate-to-
severe postoperative pain. There are 3 major subtypes of opioid receptors: mu, delta,
and kappa. Commonly used opioid analgesic agents are divided into primarily 2 clas-
ses—mu and kappa—based on their predominant opioid receptor subtype activity.
The delta opioid receptor is the primary receptor for enkephalins, and its role in acute
pain is debated. There is a fourth subtype of opioid-like receptor, the nociception/
orphanin FQ receptor, which is thought to play a role in anxiety and stress that may
be related to the addictive potential of opioids and other drugs.

The opioid receptor mu 1 gene is intuitively relevant to acute pain as this is the prin-
cipal target of most endogenous and exogenous opioid compounds. Although it is
difficult to establish a causal role between OPRM1 SNPs and postsurgical acute
pain, chronic pain, and substance abuse phenotypes, the association has been iden-
tified in multiple genomic studies. Many studies have looked for association between
OPRM1 SNPS and acute postoperative pain after a variety of procedures and opioid
requirement. The 2 outcomes are usually followed in the same trial as they can be diffi-
cult to separate. In extreme situations, a patient with more pain may use minimal
opioid and report more pain. In contrast, a patient may have severe pain but take
more opioid and thus report a low pain score but have high opioid use. Most studies
find a combination of effects.

The OPRM1 A118 G allele has been associated with greater pain scores and opioid
requirement after hysterectomy and cesarean section in the Asian population.?® A
recent metanalysis and systematic review by Frangkais and colleagues®’ showed
that OPRM1A 118 G is modestly associated with an increased postsurgical opioid
use and pain scores postoperatively. Landau and colleagues® showed that the mu
opioid receptor (MuOR) 304G polymorphism in the OPRM1 gene has been found to
influence intrathecal fentanyl’s median effective dose when used for combined
spinal-epidural for labor analgesia. There is a significant reduction in the intrathecal
fentanyl effective dose 50 (ED50) for labor analgesia and women with this variant
are more responsive to opioids and require less analgesia.®?

MC1R Gene

It has been postulated that individuals who carry the mutation that results in red hair co-
lor require greater doses of opioid analgesics to achieve the same effect compared with
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dark haired counterparts. MC1R gene regulates the melanocortin-1 receptor, which is a
G-protein-coupled receptor that regulates pigmentation by its expression in melano-
cytes. Reduction in function can result in red hair. Although it seems odd that mutations
that regulate skin and hair pigmentation also affect opioid analgesia, the melanocortin-1
gene is expressed in glial cells and the ventral periaqueductal gray.®®

Mogil and colleagues® first reported the role of MC1R in pain. However, recent
studies show that MC1R genetic variants relevant to pain sensitivity are distinct
from genetic variants responsible for red hair. The identification of rs3272367 and
rs885479 by Zorina-Lichtenwalter and colleagues ° can help identify patients with
pain sensitivity, and targeted therapy can be facilitated in the future.

METABOLIC PATHWAY GENETIC POLYMORPHISMS AND OPIOID ANALGESIA

The influence of individual variations in metabolism and opioid analgesic effects has
produced a significant body of research. Although these findings are robust and
repeatable, clinical consequences are less clear, except in the case of codeine (dis-
cussed in later section). There is a significant industry that has grown up around
providing consumers with a report on their personal genetic polymorphisms related
to drug metabolism that suggests what drugs they should and should not use. These
services are not approved by the Food and Drug Administration and should not be
used in the absence of medical advice.

Opioids are predominantly metabolized by the liver. Cytochrome P450 (CYP)
family enzymes carry out phase | and phase Il biotransformation reactions. Some
metabolites can still have activity at the target receptor until they are further metab-
olized or excreted. In contrast, when an opioid prodrug is metabolized, it becomes
active. Codeine, for example, is metabolized to the active moiety, morphine,
through cytochrome P450 2D6 (CYP2D6). Then, morphine undergoes conjugation
by UDP-glucuronosyltransferase-2B7 (UGT2B7) to morphine-6-glucuronide and
morphine-3-glucuronide. Morphine-6-glucuronide has less but some residual
opioid analgesic activity.

The liver enzymes CYP2D6 and UGT2B7 have numerous genetic variants described
that affect enzymatic activity. Individuals who have genotypes that result in lower activ-
ity of the enzyme are called “poor metabolizers,” whereas patient who carry at least 3
normal activity variant genes are called “ultrarapid metabolizers.” Ultrarapid metaboliz-
ers who take codeine may quickly reach supratherapeutic levels of morphine that cause
more side effects and the analgesic effect may be short lived.®%87 Alternatively, poor
metabolizers of codeine may not achieve a therapeutic level of morphine and may
not receive any analgesic benefits. In respect to postoperative opioid analgesics, co-
deine is generally no longer used. Tramadol is also a prodrug metabolized by CYP en-
zymes CYP2D6 and CYP3A4 to more potent opioid analgesic metabolites. Tramadol’s
potency is also affected by genetics, with poor metabolizers experiencing little conver-
sion to the active form and ultrametabolizers experiencing the greatest opioid analgesic
effects. Genetic variability in metabolism of oxycodone,?88° fentanyl,®° tramadol,®'-%?
and hydrocodone®® has been reported. However, other than the aforementioned exam-
ples, there are not enough replicated studies to make specific recommendations for the
management of patients suspected to be ultrarapid or poor metabolizers.

In the future, recognizing interindividual differences in metabolism of opioids and
other analgesic drugs may prove to be a practical strategy to predict an individual's
response and appropriately adjust the pharmacotherapy. However, peer-reviewed ev-
idence to support the use of a genetic report in postoperative opioid prescription
beyond the recommendation to avoid codeine is still forthcoming.
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SUMMARY

Over the past several decades, a large number of studies have been conducted to bet-
ter understand and characterize the differences in pain sensitivity, tolerance, and
response to analgesics based on sex. However, there is little consistency or correla-
tion between experimental observations and clinical outcomes for acute postopera-
tive pain.

With the development of affordable and high-fidelity genetic assays, there is a sig-
nificant interest in understanding genetic differences in pain, and identifying specific
gene polymorphisms and their implications. While this knowledge will certainly change
the way we practice pain medicine and pave the way for more personalized pain stra-
tegies, we acknowledge that this is still in the nascent stage. It will be prudent for us to
understand and acknowledge that this ability to rapidly categorize thousands of genes
is powerful but is fraught with a higher chance of finding false positives. Recognizing
interindividual pharmacokinetic differences will help in appropriate selection and
dosing of analgesics in the perioperative period. At this time, our knowledge about dif-
ferences in pain perception, response to analgesics and opioids based on sex and ge-
netics is not generalizable or in the stage of broad clinical application.

CLINICS CARE POINTS

e Though experimental studies on pain show differences between men and women in pain
perception, there is no reliable clinical correlation.

e Tramadol is a prodrug metabolized by enzymes CYP2D6 and CYP3A4 to more potent opioid
analgesic metabolites. Tramadol'’s potency is affected by genetics, with poor metabolizers
experiencing little conversion to the active form and ultrametabolizers experiencing the
greatest opioid analgesic effects.

Patients with COMT SNPs (rs6269, rs4633, rs4818, and rs4680) typically have lower metabolic
activity of the COMT enzyme that is associated with lower postoperative pain scores, less
opioid requirements, and a lower incidence of postsurgical persistent pain.
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