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Abstract: Acute postsurgical pain (APSP) has received growing attention as a surgical outcome. When poorly controlled, APSP can
affect short- and long-term outcomes in patients. Despite the steady increase in awareness about postoperative pain and standardization
of pain prevention and treatment strategies, moderate-to-severe APSP is frequently reported in clinical practice. This is possibly
because pain varies widely among individuals and is influenced by distinct factors, such as demographic, perioperative, psychological,
and genetic factors. This review investigates the risk factors for APSP, including gender, age, obesity, smoking history, preoperative
pain history, pain sensitivity, preoperative anxiety, depression, pain catastrophizing, expected postoperative pain, surgical fear, and
genetic polymorphisms. By identifying patients having an increased risk of moderate-to-severe APSP at an early stage, clinicians can
more effectively manage individualized analgesic treatment protocols with a combination of pharmacological and non-
pharmacological interventions. This would alleviate the transition from APSP to chronic pain and reduce the severity of APSP-
induced chronic physical disability and social psychological distress.
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Introduction
Pain is a complex, unpleasant sensory and emotional experience that occurs following actual or potential tissue damage.'
Because of the increase in the aging population and advancements in medical technology, more than 312.9 million
surgical procedures are performed annually worldwide.? According to epidemiological studies, postoperative pain
remains under-treated,” > thereby adversely affecting cardiovascular, respiratory, and immune system functions and
delaying postoperative recovery.®

Postoperative pain is acute in nature and occurs immediately after surgery and usually lasts for 3—7 days.” According
to a United States national survey, approximately 80% surgical patients experienced acute postsurgical pain (APSP), of
which 86% reported moderate, severe, or extreme pain.® When poorly controlled, APSP can prolong hospital stay,
increase opioid use, and contribute to health care costs.”'’ Additionally, APSP is correlated with poor prognosis
including postoperative delirium, cardiovascular events, thromboembolism, pulmonary complications, and chronic pain
syndrome.''™'° Although the interest in APSP is growing in the recent decades, effective pain management is a clinical
challenge.®'® Identifying patients with high APSP-related risk factors on the basis of individual differences in patients’
social, psychological, and genetic factors is essential for the early prevention and individualized treatment of APSP.

APSP-related risk factors vary according to the surgery type. Ip et al'’ were the first to systematically review APSP
predictors. They found that preoperative pain, anxiety, age, and surgery type were the four most significant predictors of
APSP. Sobol-Kwapinska et al'® reviewed APSP-related psychological factors and noted the probable association between
APSP and anxiety, pain catastrophizing, expectation of pain, and depression. On conducting a systematic review of
literature on pain sensitivity for predicting APSP, Werner et al'® observed that the predictive strength of pain sensitivity is
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considerably higher than that of demographics and psychologic factors. Through a systematic review and meta-analysis,
Yang et al*® explored preoperative predictors of poorly controlled APSP. However, they could not identify the predictive
role of some factors, such as pain sensitivity and genetic polymorphisms.

By conducting an extensive literature review, we here provide a comprehensive overview of APSP-related risk factors
in terms of demographic, perioperative, psychological, and genetic factors. Identification of these risk factors will allow
early prevention and active intervention in high-risk patients for reducing short- and long-term postoperative complica-

tions and accelerating postoperative recovery.

Methods

We here conducted a literature search of the electronic databases of PUBMED, Embase, Web of Science, and Cochrane
Library between January 1990 and December 2023 to identify APSP-related risk factors. Search strategy is presented in
Supplementary Table 1. Only studies involving adult patients, which were published in English were included in the
study. The study selection process for the narrative review is shown in Figure 1. A systematic literature search identified
20,829 potentially relevant studies. After eliminating duplicates and excluding all ineligible studies, 64 studies were
included. Furthermore, six crucial studies retrieved through manual search were also included. Ultimately, 70 studies
were included in the narrative review. Important information of the studies is described in Supplementary Table 2.

Table 1 lists some references about APSP-related risk factors.
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Figure | Flowchart of study selection.
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Table | Risk Factors for Acute Postsurgical Pain

Variables References with References Without
Predictive Power Predictive Power
Demographic characteristics Age 21-37 3842
Gender 30,44-51 24,26,40,42,52
Obesity 29,30,38,45,49,54-56 22,35,39,42,57-60
Smoking 29,51,62,63 30,38,64-68
Perioperative factors Preoperative pain history 23,26,27,29-32,37,51,59,68-71 None
Pain sensitivity 22,45,52,72-77 64,68
Types of surgery 27,51,79-81 25
Surgical approaches 22,38,56,62,63,69,72 None
Analgesic consumption 21,42,66,87 None
Psychological factors Anxiety 22,23,35,59,67-69,88-92 42,64,76,94
Depression 31,38,59,23 39,42,60,87,95
Pain catastrophizing 34,39,46,60,67,68,75,76,94,96,97 26,45,52
Expected pain 25,64,67,76,96 None
Surgical fear 25,26,96 32,76
Genetic factors p-opioid receptors gene 102,103 87,104,105
Catechol-O-methyl transferase None 87,105

Demographic Characteristics

Age

Pain sensitivity varies with age. Three prospective cohort studies, one retrospective cohort study, and one cross-section
study have reported that being a categorical variable, younger age is an independent predictor of moderate-to-severe
APSP.2'?* Furthermore, two cross-section studies, one prospective cohort study, and one retrospective cohort study have
revealed that as a continuous variable, younger age can predict moderate-to-severe APSP.>*? Liu et al*” reported that
the incidence of moderate-to-severe postoperative pain at rest decreased by 4% for per year increase in age, but that of
pain with activity showed no decrease. The incidence of postoperative moderate-to-severe resting pain decreased by 20%
for per 5-year increase in age, but that of movement pain exhibited no decrease.’’

Five prospective cohort studies have demonstrated that age, as a continuous variable, is negatively associated with
APSP intensity.** ¢ Moreover, Gerbershagen et al*” reported that the continuous variable age predicted not only APSP
intensity but also severe pain.

However, some studies have reported results inconsistent with these findings. Two prospective cohort studies and two
retrospective cohort studies have revealed that age, being a continuous variable, is not an independent risk factor for
moderate-to-severe APSP after the confounding factors are controlled.”® *! Strutz et al** reported that the continuous
variable age was not significantly related to APSP intensity after the perioperative opioid dose was controlled. Significant
heterogeneity may be observed because of the variable age and other strong confounding factors. Age as a categorical
variable seems to be more predictive for moderate-to-severe APSP.

Gender
As observed through most clinically relevant pain models, women are more sensitive to pain and suffer from more severe
postoperative pain than men.*> Two prospective cohort studies have reported that female gender is a significant risk
factor for APSP intensity in patients surgically treated for thumb base osteoarthritis and those undergoing primary knee
arthroplasty, respectively.**** In patients who had undergone one-level instrumented lumbar fusion surgery, female
gender predicted APSP intensity at rest, but not during activity.*®

A cross-section study reported that female gender predicted moderate-to-severe APSP at rest as well as pain with activity
after total hip and knee replacement.*® The female gender was an independent predictor of moderate-to-severe APSP only in
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patients who had received no regional anesthesia perioperatively.*’ A secondary analysis of three randomized controlled
trials demonstrated that women exhibited considerably higher levels of moderate-to-severe APSP than men after arthroscopic
surgery (RR 1.47, 95% CI 1.23-1.74).* Furthermore, a retrospective cohort study, a prospective cohort study, and
a secondary analysis have unveiled that female gender is a significant risk factor for severe APSP.**™"

However, two prospective cohort studies and one cross-section study have demonstrated that female gender is not
significantly related to APSP intensity.”®**>* Moreover, two retrospective cohort studies have reported that female
gender fails to independently predict moderate-or-severe acute pain after orthopedic surgery.***® A major problem of
gender research data heterogeneity and study complexity.

Obesity
The effect of obesity on pain remains controversial.>®> Saloom et al>* reported that obesity independently predicted the
mean pain level at each time point during the first week after fixed-appliance orthodontic placement (B 4.42, 95% CI
0.79-8.05, P = 0.018). In a retrospective study, obese patients with a body mass index (BMI) of >30 kg/m? required
a higher narcotic dose for controlling early pain after total joint arthroplasty.”®> Two prospective cohort studies and one
cross-sectional study have shown that BMI can independently predict acute pain intensity or severity after knee
arthroplasty.>**>** Moreover, BMI was reported to be a significant risk factor for moderate-to-severe acute pain after
open radical gastrectomy,® thoracoscopic surgery,”” and breast cancer surgery.’®

One retrospective study and one cross-section study have noted the correlation between BMI and APSP. These studies
reported that BMI is not significantly correlated with APSP intensity following total hip arthroplasty and anterior cervical
discectomy and fusion.’”>® According to five prospective cohort studies, BMI fails to independently predict APSP
intensity and severity after confounding factors, such as preoperative chronic pain, anxiety, and pain catastrophizing, are
controlled for.?2>>3%->%%% Fyrthermore, on evaluating the relation between obstructive sleep apnea and APSP, Strutz
et al*? found that obstructive sleep apnea was unlikely to be a strong risk factor for APSP severity. The results were
possibly inconsistent because of the differences in vital confounding factors such as preoperative chronic pain and
psychological factors.

Smoking
The underlying effects of smoking in APSP development are complex and not completely understood yet.®' In
a retrospective study, smoking history increased the incidence of moderate-to-severe pain at 24 and 48
h postoperatively by 86 and 53%, respectively.”’ One prospective cohort study and one secondary analysis have revealed
that current smoking can significantly predict moderate-to-severe APSP.>'**> Moreover, Chowdhury et al reported that
current smoking significantly predicted APSP intensity after endoscopic sinus surgery.®’

A few studies have not revealed the predictive effect of current smoking or smoking history on APSP. Former and
current smoking did not exhibit a significant correlation with moderate-to-severe pain during the first 3 days after video-
assisted thoracoscopic surgery. The only predictor was the preoperative average intensity of expected postoperative

pain.®® Similarly, Chiang et al®®

found that former and current smoking could not independently predict APSP intensity
after the adjustment for age, a variable. Furthermore, two prospective cohort studies and one cross-section study have
demonstrated that current smoking does not significantly predict moderate-to-severe APSP after the confounding factors
preoperative stress, BMI, or age are controlled for.>*~% Two prospective cohort studies have shown that current
smoking fails to predict APSP intensity, but some psychological factors can.®”-*® Given the heterogeneity of studies, the
predictive effect of smoking on APSP remains inconsistent. In addition, the predictive effect of the dose of smoking on

APSP also needs to be investigated.

Perioperative Factors

Preoperative Pain History
Chronic pain patients generally have lower preoperative pain thresholds and higher postoperative pain intensity. As the
effect is in the same direction in all studies, preoperative pain is likely to strongly predict APSP. Two prospective cohort
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studies, one cross-section study, and one retrospective study have reported that preoperative chronic pain history
independently predicts moderate-or-severe APSP.27:29:69.70 According to Raza et al,”' the independent predictor of
APSP intensity after breast cancer surgery was preexisting chronic pain in the breast (B 1.00, 95% CI 0.58-1.44), not
elsewhere (B 0.08, 95% CI —0.23 to 0.39). However, past surgery-related pain and -unrelated pain both are related to
APSP intensity after general, thoracic, and gynecological surgeries.*?

Two cross-section studies and one prospective cohort study have found that preoperative chronic pain intensity
predicts APSP intensity and severity.?***®® In 30 surgical groups,®’ preoperative chronic pain intensity was significantly
related to higher postoperative pain intensity and severe pain. Furthermore, three prospective studies have shown that
preoperative moderate-to-severe pain is an independent risk factor for moderate-to-severe APSP.>**'*% According to the
results of a secondary analysis of the perioperative quality improvement program dataset, preoperative moderate and
severe pain was significantly related to severe acute pain after major surgery.”'

Finally, a qualitative systematic review including 48 studies with 23,037 patients also confirmed the role of
preoperative pain as an independent predictor of APSP."”

Pain Sensitivity
Pain sensitivity assessment mainly includes quantitative sensory testing (QST) and pain sensitivity questionnaire (PSQ).
In QST, pain hypersensitivity can be quantitatively measured based on the responses of the subject, and the measure-
ments are possibly correlated with postoperative pain. Eight studies were included in this QST. Three studies have
unveiled that the mechanical temporal summation of pain (TSP) significantly predicts moderate-to-severe pain after
breast surgery and acute pain intensity after knee arthroplasty or thoracotomy.**? In two studies, the preoperative
finger pressure pain threshold (PPT) and vaginal PPT were found to be related to acute pain intensity after anorectal
surgery and hysterectomy, respectively.”’* A weaker conditioning pain modulation (CPM), which was calculated as
[(PPT at baseline) — (PPT during the conditioning stimulus)]/(PPT at baseline) x 100 (%), was linked to more acute pain
following orthognathic surgery.”” The CPM, which was quantified as test stimulus rating during the conditioning
stimulus-test stimulus rating before the conditioning stimulus, independently predicted maximum pain intensity after
breast surgery in patients without pre-existing chronic pain.”® PSQ are an alternative to QST for inferring central
sensitization. According to a prospective cohort study, the PSQ is an independent risk factor for at least moderate pain
after breast cancer surgery.”” Similarly, Ruscheweyh et al’® reported that the PSQ was an independent risk factor for
maximum pain intensity following breast surgery. The PSQ also predicted pain in patients with pre-existing chronic pain.
Pan et al’’ reported the preoperative thermal pain threshold to heat stimuli in the back as a predictor of resting and
evoked pain 24 h after undergoing cesarean section.

However, according to Lunn et al,’® preoperative short (5 seconds) and long (7 minutes) heat stimuli on the thigh
16 cm above the upper patellar border are not independent clinically relevant predictors of acute pain after total knee
arthroplasty. Moreover, the suprathreshold cold stimulus on the forearm did not predict moderate-to-severe acute pain
following video-assisted thoracoscopic surgery.®* Results obtained for the different QST tools, postoperative pain
assessment, and type of surgery are inconsistent. Usually, central QST variables, such as TSP and CPM, are likely
reliable predictors of APSP in patients after elective surgery.”® Future high-quality studies should focus on combining
different QST tools and considering pain-related psychosocial factors for the establishment of the clinical significance
of QST.

Types of Surgery and Surgical Approaches

Tissue and nerve injury generally cause postoperative pain. This pain varies by the types of surgery and surgical
approaches used. Patients who undergo major surgery experience more severe APSP.>' On examining the pain pattern
in 10,008 ambulatory surgical patients, Chung et al’® found that patients who underwent urological, general, or
orthopedic surgery were at least 17 times more likely to develop severe pain than those who underwent ophthalmic
surgery. Meanwhile, neurological, gynecological, or plastic surgery is at least 9 times more likely to develop severe pain
than ophthalmic surgery. Similarly, some types of surgery, such as orthopedic and abdominal surgeries, are independent
predictors of severe postoperative pain compared with ophthalmic surgery.®® Caesarean section and some invasive
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laparoscopic procedures such as laparoscopic ectopic pregnancy surgery exhibited significant correlations with a higher
acute pain risk compared with other gynecological surgeries.””®' Furthermore, a qualitative systematic review revealed
that abdominal, orthopedic, and thoracic surgeries exhibited a positive relationship with APSP. In fact, surgery type is
among the independent predictors of APSP.!” However, surgery type was not significantly related to APSP after day-case
surgery, possibly because tissue injury for minor and intermediate day-case surgeries is not severe.*’

Axillary lymph node dissection (ALND) is a standard initial approach for breast cancer patients. ALND potentially
damages the sympathetic nerve and is correlated with APSP. Prospective and retrospective cohort studies have revealed
that ALND is among the independent predictors of moderate-to-severe acute pain following breast cancer surgery.”>>%7?
Additionally, this surgical approach exhibited an independent association with APSP among other surgery types, such as
inguinal hernia repair,®? cesarean section,’” open radical gastrectomy,’® and endoscopic sinus surgery.®® Postoperative
pain is generally accepted to be more severe in patients undergoing major surgeries or surgeries with more extensive

nerve damage.

Analgesic Consumption

At present, randomized controlled trials have focused on the efficacy for decreasing pain intensity and analgesic
consumption. Observational studies investigating the association between analgesic consumption and APSP are scant.
Opioid requirements vary widely among patients, and pharmacokinetics and pharmacodynamics may influence these

82.83 obesity,®* pain sensitivity,®> and genetic heritability®® have been found to be strongly

requirements. In addition, age,
correlated with postoperative analgesic consumption, which is generally significantly related to APSP.*'

In a prospective cohort study investigating predictors of APSP in 109 patients following total knee arthroplasty, the
mean opioid consumption over 5 days postoperatively was positively correlated to the mean resting pain intensity over 5
days postoperatively (B = 0.0053, P < 0.001).®” Postoperative morphine consumption by patients controlled analgesia
(mg/kg) and predicted moderate-to-severe APSP (OR 1.02, 95% CI 1.01-1.04). Furthermore, the perioperative opioid
dose exhibited significant association with maximum postoperative pain at days 1-3 after non-neurosurgical inpatient

operation (B 0.123, 95% CI 0.081—0.166).**

Psychological Factors
Anxiety

Preoperative anxiety is always considered a significant predictor of APSP, especially in gynecological, obstetric, and
gastrointestinal surgeries.'” Twelve prospective cohort studies have confirmed that preoperative anxiety is strongly
associated with APSP. Of these, seven studies have shown that preoperative anxiety independently predicted APSP
intensity during different postoperative periods.?>%¢7-6%8890 Eive studies have demonstrated that preoperative anxiety
independently predicted moderate-to-severe acute pain after cesarean section or breast cancer surgery.®>2>:¢%91:92
According to a systematic review, preoperative anxiety independently predicted APSP following breast cancer surgery.”
Inconsistently, one cross-sectional study revealed that preoperative anxiety is not a significant risk factor for APSP
intensity after cardiac surgery, but pain catastrophizing is. Pain catastrophizing was found to fully mediate the relation-
ship between anxiety and APSP intensity.”* Moreover, a retrospective cohort study and three prospective cohort studies
have reported that preoperative anxiety has no significant relationship with APSP when confounding factors such as pain
catastrophizing, expected postoperative pain, and perioperative opioid dose are controlled for.****%*7¢ Heterogeneity
was observed among studies, especially regarding strong psychological confounding factors and perioperative opioid.

Depression

Psychological distress, such as depression and a negative effect, may influence APSP. According to a retrospective cohort
study, preoperative depression independently predicts moderate-to-severe acute pain following mastectomy.’® Two
prospective cohort studies have unveiled that preoperative depression is a significant risk factor for moderate-to-severe

23,59

acute pain after radical prostatectomy, total knee replacement, and abdominal surgery. Preoperative depression
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independently predicted moderate-to-severe resting pain (OR 2.87, 95% CI 1.04-7.97) following total knee replacement,
but not movement pain (OR 2.70, 95% CI 0.83-8.79) on postoperative day 23!

On the other hand, some studies have found no independent correlation between preoperative depression and APSP
intensity after the adjustment for strong confounding factors.**%° In knee replacement surgery, preoperative anxiety, but
not depression independently predicted the mean postoperative pain intensity.®” Furthermore, no significant correlation
was observed between preoperative depression and APSP intensity after breast cancer surgery.*””> Overall, preoperative
depression seemed to be significantly correlated with APSP severity, but not APSP intensity.

Pain Catastrophizing

Cognitive and psychological factors play a critical role in postoperative pain progression. Pain catastrophizing is an
exaggerated and negative cognitive—affective response observed during actual or perceived painful stimulation and is
correlated with APSP. Pain catastrophizing has been found to be strongly associated with APSP intensity,>*3%:46:60:67.75.94
Furthermore, Ruscheweyh et al’® reported that pain catastrophizing independently predicted maximum pain intensity in
patients with pre-existing chronic pain who underwent breast surgery. Two prospective cohort studies have revealed that
pain catastrophizing independently predict moderate-to-severe acute pain.®®*°® According to Pinto et al,”” pain catastro-
phizing is a significant risk factor for moderate-to-severe pain (OR 3.37, 95% CI 1.63—-6.95) and acute pain intensity at
48 h after hysterectomy (f = 0.245, P < 0.01).

Furthermore, two prospective cohort studies have explored the predictive role of pain catastrophizing in pain intensity
when confounding factors such as TSP were controlled for. They found that pain catastrophizing failed to predict APSP
intensity.*>>* Additionally, in a cross-sectional study, pain catastrophizing exhibited no significant association with APSP
severity following orthopedic surgery.”® The heterogeneity for pain catastrophizing studies was due to confounding
factors such as TSP and other psychological factors. On the whole, some reviews highlighted that pain catastrophizing is

the psychological factor most strongly correlated with APSP.'®%®

Expected Pain
The effect of expected pain on the subjective pain experience has been well established. Psychological expectation is
a central mechanism of placebo analgesia.”® In prospective cohort studies, expected postoperative pain (VAS > 40 mm)
increased the incidence of moderate-to-severe pain on day 0—4 after ambulatory surgery>> and on day 1-4 after elective
surgery.”® Bayman et al®® evaluated the relationship between expected pain and APSP in patients who underwent
thoracoscopic surgery. They noted that the average expected pain was the only predictor of moderate-to-severe mean
pain intensity over the 3-day postoperative period (OR 1.12, 95% CI 1.02—1.23).

Similarly, expected postoperative pain (VAS > 40 mm) exhibited a significant correlation with maximum pain

intensity on day 1 after breast surgery.”® However, Minic et al®’

reported that only expected postoperative pain predicted
pain intensity in the “immediate early” period (1-8 h) after open nephrectomy. This independent association diminished
in the “early” period (12—24 h) and “late early” period (48—72 h). Expected postoperative pain is a simple and effective

tool for predicting APSP and is recommended for routine use before surgery.

Surgical Fear
Surgical fear is an easily identifiable emotional state prior to surgery. It includes fear of short-term consequences (eg,
anesthesia, pain, and side effects) and long-term consequences (eg, surgical recovery). The German version of the
surgical fear questionnaire is a clear predictor of APSP.*°

In fact, preoperative surgical fear was found to be an independent risk factor for APSP in 1490 patients undergoing
different elective ambulatory surgeries.”® In day-case surgery, Gramke et al*® reported that the fear of short-term
consequences significantly predicted moderate-to-severe pain (defined by VAS > 40 mm) on postoperative days 0-2,

but the fear of long-term consequences did not. Additionally, Ruscheweyh et al’® evaluated psychological predictors of
APSP after breast surgery. According to their findings, preoperative surgical fear did not independently predict maximum

pain intensity in patients with or without pre-existing chronic pain. Wang et al*? also reported that surgical fear was not
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Figure 2 Risk factors for acute postsurgical pain.

associated with acute pain intensity after gynecologic and thoracic surgeries. Given the heterogeneity of studies, the
predictive effect of surgical fear on APSP remains fluctuating.

Genetic Factors

According to accumulated evidence, genetic polymorphisms may influence pain perception. Individual differences in
pain sensitivity have been explained based on catechol-O-methyl transferase (COMT) activity and genetic polymorphism
of the opioid receptor mu 1 (OPRM1) gene.'” On examining the correlation between the A118G single nucleotide
polymorphism (SNP) of OPRM1 and pain sensitivity in healthy adults, a study found that this rare allele could predict
higher pressure pain thresholds.'®! Sia et al'®? investigated the correlation between the OPRMI1 gene SNP and opioids
used for APSP following abdominal hysterectomy. They found that patients with OPRM1 118GG carriers had higher
pain scores than those with the 118GA and 118AA genotypes. Additionally, on evaluating DNA methylation at the
OPRMI1 promoter, a prospective cohort study exhibited that methylation at CpG sites 4, 17, and 18 was associated with

. . . . 103
spine fusion-induced acute pain.

1'% examined the relationship between candidate SNPs

However, in their genome-wide association study, Kim et a
and APSP after oral surgery. The results revealed that the candidate SNP (rs17122021) was correlated with maximum
postoperative pain, and rs6693882 was related to the time of onset of postoperative pain. But these genetic associations

did not sustain after adjustments were made for multiple comparisons. Moreover, Thomazeau et al®’

investigated genetic
risk factors for acute pain following knee arthroplasty. They exhibited that a COMT SNP did not predict the mean resting
pain over a 5-day postoperative period (§ = 0.0865, P = 0.265). In another prospective cohort, OPRM1 and COMT SNPs
were not correlated with APSP intensity after third molar removal.'®® This inconsistency in results was possibly caused

by the difference in the predictive gene allele for different surgeries.

Conclusion

Managing APSP remains a considerable challenge. Individual variations in postoperative pain are prominent in terms of
the impact of different risk factors for APSP. For example, younger age, female gender, preoperative pain, pain
sensitivity, analgesic consumption, preoperative anxiety, pain catastrophizing, and expected pain exhibit significant
association with APSP (Figure 2). Early identification of predictors in patients at a high APSP risk will promote the

development of more effective interventions.
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