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Purpose: To address the prevalence and risk factors of postoperative chronic opioid dependence, focusing on the development of 
a predictive scoring system to identify high-risk populations.
Methods: We analyzed data from the Taiwan Health Insurance Research Database spanning January 2016 to December 2018, 
encompassing adults undergoing major elective surgeries with general anesthesia. Patient demographics, surgical details, comorbid
ities, and preoperative medication use were scrutinized. Wu and Zhang’s scores, a predictive system, were developed through 
a stepwise multivariate model, incorporating factors significantly linked to chronic opioid dependence. Internal validation was 
executed using bootstrap sampling.
Results: Among 111,069 patients, 1.6% developed chronic opioid dependence postoperatively. Significant risk factors included age, 
gender, surgical type, anesthesia duration, preoperative opioid use, and comorbidities. Wu and Zhang’s scores demonstrated good 
predictive accuracy (AUC=0.83), with risk categories (low, moderate, high) showing varying susceptibility (0.7%, 1.4%, 3.5%, 
respectively). Internal validation confirmed the model’s stability and potential applicability to external populations.
Conclusion: This study provides a comprehensive understanding of postoperative chronic opioid dependence and introduces an 
effective predictive scoring system. The identified risk factors and risk stratification allow for early detection and targeted interven
tions, aligning with the broader initiative to enhance patient outcomes, minimize societal burdens, and contribute to the nuanced 
management of postoperative pain.
Keywords: chronic opioid dependence, postoperative care, predictive scores, general anesthesia, surgical risk stratification

Introduction
Chronic pain, persisting for over six months, is a pervasive issue affecting approximately 30% of patients in developed 
countries.1 The Centers for Disease Control and Prevention’s (CDC) 2023 analysis in the United States highlighted that 
20.9% of adults experienced chronic pain, with 6.9% facing high-impact chronic pain, significantly impacting daily 
activities.2 Various demographic factors, disabilities, and specific health conditions contribute to higher prevalence rates.2 

Chronic Postsurgical Pain (CPSP) contributes significantly to chronic pain cases, affecting 10–50% of surgical 
patients.3,4 The economic burden of CPSP is substantial, adding to the costs associated with chronic pain, including 
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direct medical expenses and lost productivity.5 Moreover, CPSP poses challenges in pain management, often leading to 
prolonged opioid use and associated risks.6 Tailored prevention and management strategies for CPSP become crucial in 
mitigating its broader implications on public health, the economy, and individual well-being.

The presentation of patients at risk for developing CPSP is diverse, encompassing both surgical and patient-related 
risk factors.7–12 Factors contributing to CPSP risk include surgical complexity, nerve damage, psychosocial aspects, and 
genetics.7–14 Risk reduction strategies, such as psychotherapies, modifying or avoiding surgery, and careful anesthetic 
management, aim to alleviate the incidence of CPSP.8,15–19 Coordinated perioperative care and follow-up are crucial for 
addressing and managing CPSP comprehensively.20,21 Long-term opioid use, often resulting from CPSP,6,7 extends 
beyond pain management, leading to dependence, tolerance, and various side effects.22–26 Persistence of opioid use is 
associated with specific risk factors, and the practice implications emphasize judicious prescription, risk factor screening, 
and comprehensive discussions with patients.27–29 Considering the potential implications of postoperative chronic opioid 
dependence, such as inducing dementia, elevating cancer risk, and increasing cancer mortality,22–26 prioritizing the high- 
risk group becomes imperative. The multifaceted interplay between CPSP and chronic opioid dependence underscores 
the need for nuanced approaches to enhance patient outcomes and minimize societal burdens in postoperative pain 
management.

Creating predictive scores for postoperative chronic opioid use is vital for early detection of high-risk populations, 
facilitating timely intervention, and implementing non-opioid analgesics or alternative pain control methods such as 
psychotherapies. This proactive approach aims to prevent the development of chronic opioid dependence, thereby 
mitigating potential individual, social, family, and national economic burdens. By addressing this pressing issue, we 
strive to enhance patient outcomes, minimize societal burdens, and contribute to a more comprehensive understanding of 
postoperative pain dynamics.

Patients and Methods
Study Population
This investigation utilized the extensive dataset from the Taiwan National Health Insurance (NHI) Research Database 
(NHIRD), covering the period from January 2008 to December 2018, with follow-up extending until December 31, 2020. 
The NHIRD, boasting a considerable cohort of approximately 27.38 million beneficiaries, serves as a robust repository of 
registration records and unaltered claims data. This database is a formidable resource due to its inclusion of comprehensive 
details, such as patient identification numbers, birthdates, gender, and diagnoses coded according to the International 
Classification of Diseases, Ninth and Tenth Revision, Clinical Modification (ICD-9-CM and ICD-10-CM). Additionally, it 
captures treatment specifics, financial outlays, dates of hospitalization commencement and cessation, and even mortality 
dates.30 All these datasets, encrypted within the NHIRD archives, were meticulously interconnected using patient 
identification numbers, providing a comprehensive and panoramic view of the healthcare landscape.

Inclusion and Exclusion Criteria for Patient Selection
In our investigation, we included individuals aged 18 years or older who underwent significant inpatient elective surgery 
necessitating general anesthesia and required hospitalization for more than one day between 2008 and 2018 in Taiwan.24 

The selected surgical types included spine surgery, open thoracic surgery, knee or hip surgery, mastectomy, or abdominal 
surgery, including laparoscopic surgery, specifically chosen for their association with a higher incidence of persistent 
postoperative pain.31–35 The index date was defined as the surgical date.

Chronic postsurgical pain is defined as pain that persists for at least three months following a surgical procedure.36 In 
our study, we define Chronic Opioid Dependence based on the use of opioids, as detailed in Supplemental Table 1, which 
captures opioids use data from the NHIRD for at least three months post-surgery.

Patients were deemed ineligible if their surgery was minor and did not require general anesthesia, if they were 
younger than 18 years old, or if they had a history of cancer that might induce cancer pain. Additionally, patients with 
a diagnosis of chronic pain, long-term analgesic use (> 28 cumulative Defined Daily Dose before the index date), or 
multiple surgical histories were excluded. Ensuring that all enrolled patients were undergoing their first surgery under 
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general anesthesia aimed to distinguish Chronic Opioid Dependence from the effects of previous multiple surgeries. 
Patients with incomplete baseline information, as detailed in Supplemental Table 2, were also excluded from our study. In 
our study, we also excluded patients with known psychiatric diseases, such as schizophrenia, post-traumatic stress 
disorder (PTSD), substance use disorders, personality disorders, obsessive-compulsive disorder (OCD), and attention- 
deficit/hyperactivity disorder (ADHD), were excluded from the study to avoid confounding factors. However, depression 
and anxiety were included and analyzed as risk factors in our study.

Variables
Demographic characteristics and clinical parameters underwent thorough evaluation, encompassing a range of factors 
such as age, sex, income levels, urbanization, types of surgery, American Society of Anesthesiologists (ASA) physical 
status, duration of anesthesia (in hours), levels of the hospital, preoperative opioid use within 7 days, preoperative non- 
opioid analgesic use within 7 days, coexisting comorbidities associated with chronic pain, and CCI (Charlson 
Comorbidity Index) scores (as depicted in Supplemental Table 2).

Evaluating Postoperative Chronic Opioid Dependence with Wu and Zhang’s Scoring
The Wu and Zhang Predictive Scoring System was used to calculate cumulative risk scores by consolidating key risk 
factors. In our analysis, detailed in Table 1, we assessed the predictive efficiency of this scoring system for postoperative 

Table 1 Assessment of Chronic Opioid Dependence Beyond 90 Days Postoperatively Using 
Wu and Zhang’s Predictive Scores in Patients Undergoing General Anesthesia Surgery

Wu and Zhang’s 
Predictive Scoring 
System

Number of No 
Chronic Opioid 

Dependence

Number of Chronic 
Opioid 

Dependence

Chronic Opioid 
Dependence 

Incidence

1 239 0 0.0%

2 5912 32 0.5%

3 11,351 51 0.5%

4 13,006 106 0.8%

5 15,053 133 0.9%

6 15,312 167 1.1%

7 12,110 183 1.5%

8 8977 153 1.7%

9 7040 169 2.4%

10 5455 134 2.4%

11 4450 153 3.3%

12 3420 130 3.7%

13 2625 114 4.2%

14 1694 79 4.5%

15 1077 58 5.1%

16 696 58 7.7%

(Continued)
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chronic opioid dependence. This evaluation involved a rigorous analysis to determine the correlation between cumulative 
risk scores and the risk of developing postoperative chronic opioid dependence.

Area Under the Curve of Wu and Zhang’s Predictive Scores for Postoperative 
Chronic Opioid Dependence
The area under the ROC curve (AUC) was utilized to evaluate the predictive ability of Wu and Zhang’s scoring system 
for postoperative chronic opioid dependence. The AUC serves as a comprehensive metric for assessing the overall 
discriminatory power of the predictive model, providing insights into its accuracy in distinguishing between patients with 
and without chronic opioid dependence following surgery.

Validating Wu and Zhang’s Predictive Scores for Postoperative Chronic Opioid 
Dependence
To validate Wu and Zhang’s Predictive Scores, we conducted ROC analysis using a bootstrap sample. The AUC was 
calculated to assess the overlap with the original predictive scores. Additionally, the DeLong test was performed to 
evaluate the statistical significance of the overlap. This internal validation process helps determine the potential 
applicability of the predictive model to other external populations.

Risk Stratification with Wu and Zhang’s Predictive Scoring Systems for Postoperative 
Chronic Opioid Dependence
Patients were categorized into three distinct groups based on risk scores generated from Wu and Zhang’s predictive 
scoring system: low-risk (score 1–5), moderate-risk (score 6–8), and high-risk (score ≥9). These risk groups were then 
analyzed to evaluate variations in the risk of developing postoperative chronic opioid dependence within one year. 
Statistical analysis was performed to assess the significance of these differences.

Statistical Analysis
We performed all statistical analyses using SAS for Windows (version 9.4; SAS Institute, Cary, NC, USA), with 
statistical significance set at P < 0.05. Crucial demographic parameters, including gender and age, were stratified and 
categorized accordingly, with patient age determined at the index date. The primary variables of interest included age, 

Table 1 (Continued). 

Wu and Zhang’s 
Predictive Scoring 
System

Number of No 
Chronic Opioid 

Dependence

Number of Chronic 
Opioid 

Dependence

Chronic Opioid 
Dependence 

Incidence

17 394 31 7.3%

18 233 24 9.3%

19 116 20 14.7%

20 52 8 13.3%

21 25 4 13.8%

22 10 2 16.7%

23 6 1 14.3%

24 2 1 33.3%

25 1 1 50.0%

26 0 1 100.0%

https://doi.org/10.2147/JPR.S471040                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2024:17 4424

Sun et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


sex, income levels, urbanization, surgical types, ASA physical status, anesthesia duration (hours), hospital levels, 
preoperative opioid use within 7 days, preoperative non-opioid analgesic use within 7 days, coexisting comorbidities 
related to chronic pain, and CCI scores, as outlined in Supplemental Table 2. To assess group differences, chi-square tests 
and t-tests were utilized. T-tests evaluated dependent quantitative variables concerning independent categorical variables 
with two groups, while chi-square tests assessed associations between two categorical variables.

Significant factors were identified to construct Wu and Zhang’s Predictive Scoring System for Chronic Opioid 
Dependence beyond 90 Days Postoperatively in Patients Following General Anesthesia Surgery. The forward stepwise 
selection method was employed to choose factors significantly predicting Chronic Opioid Dependence beyond 90 Days 
Postoperatively (P < 0.05; Table 2). Factors with a coefficient of >0 or an adjusted hazard ratio (aHR) of >1 were selected 
as risk factors, with points added based on the aHR.37 Nonsignificant factors were eliminated using a modified forward 
selection technique in the stepwise method. Duplicate entry and removal approaches were used for forward selection and 
backward elimination, applying the “minimum F-to-enter” criterion. The model with the lowest Akaike information 
criterion (AIC) estimated Chronic Opioid Dependence beyond 90 Days Postoperatively.38 Patients were categorized into 
three risk groups based on their scores, predicting higher risk for those with moderate to high risk scores. Receiver 
operating characteristic (ROC) curves were created for each score, and areas under the ROC curves were determined.

We utilized bootstrap sampling,39 a resampling technique treating the original sample as the population, and samples 
were drawn repeatedly with replacement. Bootstrap resampling enhances model assessment credibility by deriving 
distributions for performance metrics.40 This process evaluates the model’s stability and generalization capacity across 
scenarios. The DeLong test rigorously compared diagnostic test performance, assessing differences in ROC curve areas 
between Bootstrap validation and Wu and Zhang’s predictive scoring system.39 Kaplan-Meier analysis evaluated Chronic 

Table 2 Stepwise Multivariate Cox Proportional Hazards Model for Chronic Opioid Dependence Beyond 90 
Days Postoperatively in Patients Following General Anesthesia Surgery

Factor aHR* 95% CI P value Assigned points

Age > 60 years-old 1.48 1.35 1.84 <0.0001 1

Male 1.34 1.04 1.71 0.0212 1

Rural residents 1.45 1.21 1.99 0.0006 1

Knee or hip surgery 1.42 1.21 1.96 <0.0001 1

Open thoracic surgery 1.27 1.43 3.16 <0.0001 1

ASA scores=3 1.44 1.26 2.43 0.0364 1

ASA scores=4 2.34 1.46 3.75 0.0154 2

Anesthesia duration >2 hours 3.18 2.68 4.84 <0.0001 3

Preoperative Opioid Use Within 7 Days 6.02 3.18 11.38 <0.0001 6

Preoperative Non-Opioid Analgesic Use Within 7 Days 1.43 1.04 2.03 0.0302 1

Depression 2.39 1.14 3.70 0.0011 2

Anxiety 2.45 1.18 2.22 0.0179 2

Pressure Ulcer 1.47 1.57 6.40 0.0013 1

Diabetes 1.51 1.07 2.10 0.0202 2

CCI≥1 1.29 1.12 1.48 0.0005 1

Abbreviations: ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index; HR, Hazard Ratio; aHR, Adjusted Hazard 
Ratio; CI, Confidence Interval.
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Opioid Dependence beyond 90 Days postoperatively using Wu and Zhang’s predictive scoring system, with the Log rank 
test determining differences among risk groups. A two-tailed P value of <0.05 indicated statistical significance.

Results
Demographics of Postoperative Chronic Opioid Dependence
In this study, we conducted a comprehensive comparison of demographic characteristics between patients who experienced 
chronic opioid dependence beyond 90 days postoperatively and those without such dependence following surgery under 
general anesthesia. Among the 111,069 patients included, 1812 (1.6%) developed postoperative chronic opioid dependence, 
while 109,257 did not. Postoperative chronic opioid dependence was associated with older age, a higher proportion of male 
patients, lower income levels, rural residence, knee and hip surgery, spine surgery, open thoracic surgery, higher ASA 
scores, longer anesthesia duration (hours), surgeries in medical centers, preoperative opioid use within 7 days, preoperative 
non-opioid analgesic use within 7 days, and various comorbidities (including depression, anxiety, dysthymic disorder, 
peripheral vascular diseases, osteoporosis, gout, headache, rheumatoid arthritis, pressure ulcer, chronic obstructive 
pulmonary disease, acute respiratory distress, diabetes, hypertension, and hyperlipidemia). Additionally, patients with 
postoperative chronic opioid dependence exhibited higher CCI scores compared to those without chronic opioid depen
dence among individuals undergoing elective General Anesthesia Surgery (Supplemental Table 2).

Postoperative Predictors of Chronic Opioid Dependence in General Anesthesia 
Surgery
Table 2 displays the significant factors identified through the stepwise method in the multivariate model for variable 
selection. Each risk factor received a score based on its adjusted hazard ratio (aHR). In the multivariate Cox proportional 
hazards model for postoperative chronic opioid dependence in elective general anesthesia surgery patients, the following 
factors emerged as significant independent contributors to chronic opioid dependence beyond 90 days postoperatively, 
along with their respective aHRs and assigned scores: age > 60 years-old (aHR: 1.48, score: 1), male (aHR: 1.34, 
score: 1), rural residents (aHR: 1.45, score: 1), knee or hip surgery (aHR: 1.42, score: 1), open thoracic surgery (aHR: 
1.27, score: 1), ASA scores=3 (aHR: 1.44, score: 1), ASA scores=4 (aHR: 2.34, score: 2), anesthesia duration >2 hours 
(aHR: 3.18, score: 3), preoperative opioid use within 7 days (aHR: 6.02, score: 6), preoperative non-opioid analgesic use 
within 7 days (aHR: 1.42, score: 1), depression (aHR: 2.39, score: 2), anxiety (aHR: 2.45, score: 2), pressure ulcer (aHR: 
1.47, score: 1), diabetes (aHR: 1.51, score: 2), and CCI ≥ 1 (aHR: 1.29, score: 1). These factors significantly enhance the 
predictive accuracy of chronic opioid dependence.

Evaluating Postoperative Chronic Opioid Dependence with Wu and Zhang’s Scoring
The risk of postoperative chronic opioid dependence varies across distinct score ranges: [score: 1–5, 0.7%], [score: 6–8, 
1.4%], and [score: ≥9, 3.5%]. These risk categories, precisely delineated to represent varying degrees of susceptibility, 
include the following: low-risk (score 1–5), moderate risk (score 6–8), and high risk (score ≥9), as clarified in Table 3. 

Table 3 Chronic Opioid Dependence Assessment Beyond 90 Days Postoperatively Utilizing 
Wu and Zhang’s Predictive Scores

Wu and Zhang’s 
Predictive 
Scoring System

Risk 
Group

Patients Following 
General Anesthesia 

Surgery, N (%)

Chronic Opioid Dependence 
Among Patients Following General 

Anesthesia Surgery, N (%)

Score

1–5 Low 45,883 (41.3%) 322 (0.7%)

6–8 Moderate 36,902 (33.2%) 503 (1.4%)

9–26 High 28,284 (25.5%) 987 (3.5%)

Abbreviation: N, Numbers.
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This categorization of risk groups enables us to identify surgical patients more prone to developing postoperative chronic 
opioid dependence.

Area Under the Curve of Wu and Zhang’s Predictive Scores for Postoperative 
Chronic Opioid Dependence
This AUC value of 0.83 indicates a good predictive ability of the scoring system for distinguishing between patients with 
and without chronic opioid dependence following surgery. The AUC is a comprehensive metric that assesses the overall 
discriminatory power of a predictive model. In this context, an AUC of 0.83 signifies a high level of accuracy in terms of 
sensitivity and specificity, implying that Wu and Zhang’s predictive scores exhibit robust performance in identifying 
individuals at risk of postoperative chronic opioid dependence.

Validating Wu and Zhang’s Predictive Scores for Postoperative Chronic Opioid Dependence
Using this bootstrap sample, we conducted ROC analysis,39 and the AUC closely overlapped with Wu and Zhang’s 
predictive scores. Additionally, we performed the DeLong test, resulting in a p-value of 0.99, indicating substantial 
overlap (Figure 1).39 This internal validation was further compared, suggesting that the predictive model trained on this 
sample might have potential applicability to other external populations if the differences between the two sets of results 
are minimal.

Risk Stratification with Wu and Zhang’s Predictive Scoring Systems for Postoperative 
Chronic Opioid Dependence
These risk groups demonstrated substantial variations in 1-year postoperative chronic opioid dependence risk (low-risk: 
0.7%, moderate-risk: 1.4%, and high-risk: 3.5%). Statistical analysis affirmed the significance of these differences (Log 
rank test P < 0.001), as illustrated in Figure 2.

Figure 1 ROC Curves: Areas Under the Curve for Wu and Zhang’s Predictive Scores with Bootstrap Validation in Chronic Opioid Dependence Beyond 90 Days 
Postoperatively in Patients Undergoing General Anesthesia Surgery. 
Notes: Wu and Zhang’s predictive score exhibited substantial concordance with the BOOTSTRAP validation model, and the DeLong test revealed no statistically significant 
difference (p = 0.99). 
Abbreviation: AUC, Area Under the Curve.

Journal of Pain Research 2024:17                                                                                                     https://doi.org/10.2147/JPR.S471040                                                                                                                                                                                                                       

DovePress                                                                                                                       
4427

Dovepress                                                                                                                                                              Sun et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Discussion
Given the significant sequela associated with postoperative chronic opioid dependence, stemming from CPSP,5,22–26 it 
becomes imperative to identify high-risk populations promptly. Timely identification of individuals at risk of chronic 
opioid dependence enables targeted interventions, including the utilization of non-opioid analgesics, psychotherapies, 
modifying or avoiding surgery, meticulous anesthetic management, and considering minimally invasive surgical 
approaches.8,15–19 The primary objective of our study is to mitigate the risk of chronic opioid dependence and its 
subsequent repercussions. Through a concentrated emphasis on risk identification and preemptive measures, our study 
not only advances patient care but also contributes to the overarching endeavor of cultivating a healthcare paradigm that 
prioritizes individual well-being, minimizes societal burdens, and advocates for more efficacious and sustainable post
operative outcomes. Our study represents a groundbreaking initiative, standing out as the first to leverage 
a comprehensive dataset from the largest surgical population to craft innovative predictive scores for postoperative 
chronic opioid dependence (Table 3). The model’s remarkable accuracy, reflected in an AUC of 0.83 (Figure 1), 
underscores its robust predictive capabilities. Importantly, we have identified and weighted specific risk factors con
tributing to postoperative chronic opioid dependence, providing a nuanced understanding of its etiology (Table 2 and 
Table 3). Furthermore, the Wu and Zhang’s predictive scores encompass easily assessable risk factors, obviating the 
necessity for interventions or blood tests, relying solely on patient-reported comorbidities, demographics, and medication 
usage. This tool is convenient, easily accessible, and exhibits high accuracy in predicting postoperative chronic opioid 
dependence. This unique combination of risk factors and predictive scores empowers clinicians with the precision to 
identify high-risk individuals. For example, an elderly (> 60 years old) diabetic patient with ASA scores 3, a history of 
preoperative opioid use within 7 days, and facing hip surgery emerges as a high-risk subgroup (The Wu and Zhang’s 
predictive score 10, high-risk group). Armed with this insight, timely interventions like non-opioid analgesics, psy
chotherapies, modified surgery or avoidance, careful anesthetic management, and minimally invasive surgical approaches 
can mitigate the risk of chronic opioid dependence.8,15–19 This approach not only ensures early intervention for high-risk 
patients but also underscores the transformative potential of personalized and proactive postoperative care.

Complications arising from chronic opioid dependence are diverse, significantly impacting an individual’s health.41–44 

Long-term opioid use leads to tolerance, necessitating higher doses for pain relief and elevating the risk of side effects, 
including constipation, sleep disturbances, hormonal imbalances, and respiratory depression.45 Immunological repercus
sions, including heightened cancer risk and reduced cancer survival due to immunosuppression, also increase suscept
ibility to infections.22–26,46 Neurologically, opioid-induced hyperalgesia may elevate pain sensitivity over time.47 

Figure 2 Kaplan–Meier Cumulative Incidence Curves for Chronic Opioid Dependence Beyond 90 Days Postoperatively in Patients Undergoing General Anesthesia Surgery 
Stratified by Wu and Zhang’s Predictive Scores Risk Groups.
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Psychologically, chronic opioid dependence could contribute to mood disorders such as depression and anxiety, imposing 
a substantial burden on public health and potentially increasing the risk of dementia.26,48 Societal repercussions include 
strain on healthcare systems, increased economic burdens associated with addiction treatment, and social challenges, 
including stigma and isolation.49 The risk of opioid overdose, accidental injuries, and involvement in criminal activities 
further complicates the scenario.50 To mitigate postoperative chronic opioid dependence linked to CPSP, a tailored, 
multifaceted approach is essential.8,15–19 Timely identification and management of postoperative pain using Wu and 
Zhang’s scores (Table 3 and Figure 1), coupled with psychosocial screening and risk assessments, enable personalized 
interventions. Optimization of anesthetic techniques, coordinated care, restricted opioid prescriptions, and postoperative 
follow-ups form a comprehensive strategy, addressing the complex factors leading to postoperative chronic opioid 
dependence.8,15–19 Recognizing potential consequences such as elevated cancer risk, dementia, depression, anxiety, 
and increased mortality, the prioritization of the high-risk group through the utilization of Wu and Zhang’s scores for 
the development of postoperative opioid dependence is essential for early detection and effective risk reduction.

The factors identified, along with their corresponding aHRs and assigned scores, offer a comprehensive understanding of 
the complex interplay influencing long-term opioid use following surgery (Table 1). Consistent with prior literature, advancing 
age emerges as a significant factor, with individuals over 60 years old exhibiting a higher risk of chronic opioid 
dependence.36,51 Male gender, rural residence, knee or hip surgery, and open thoracic surgery also contribute to increased 
risk, aligning with existing evidence on the impact of demographic and procedural factors on postoperative opioid use.31–36,51 

The ASA scores serve as a reliable predictor, with ASA scores of 3 and 4 indicating a higher likelihood of chronic opioid 
dependence.36,51 Anesthesia duration exceeding 2 hours is identified as a significant factor, emphasizing the role of surgical 
complexity and duration in influencing long-term opioid use.28 Preoperative opioid use within 7 days is a potent predictor, 
underlining the impact of preexisting opioid use patterns on postoperative outcomes.28 Interestingly, preoperative non-opioid 
analgesic use within 7 days also contributes to the risk, shedding light on the multifaceted nature of analgesic consumption 
before surgery.28 Psychosocial factors, including depression and anxiety, emerge as strong contributors to chronic opioid 
dependence, reinforcing the interconnectedness of mental health and pain outcomes.22,23,25,26,36,51,52 Other health-related 
factors such as pressure ulcer, diabetes, and CCI scores ≥ 1 further underscore the intricate relationship between overall health 
status and postoperative opioid dependence.22,23,25,26,36,51,52 The Wu and Zhang’s scoring system assigned to each factor 
reflects their relative impact on chronic opioid dependence (Table 1), offering a quantifiable tool for risk stratification. This 
nuanced approach enables healthcare providers to identify high-risk individuals and tailor interventions accordingly, paving 
the way for more personalized and effective postoperative pain management. The study contributes valuable insights into both 
consistent and novel risk factors, enriching the existing knowledge base and providing a foundation for targeted interventions 
to mitigate the risk of chronic opioid dependence in elective general anesthesia surgery patients.

The study’s strength lies in its innovative and comprehensive approach to investigating the prevalence and risk factors 
of postoperative chronic opioid dependence, particularly within the Asian population. Wu and Zhang’s predictive model, 
with an AUC of 0.83, serves as a valuable tool for risk stratification by easily assessing and capturing patients’ 
demographics. The study benefits from Taiwan’s stringent regulatory framework for opioids, ensuring controlled 
accessibility and meticulous documentation. This process guarantees a precise diagnosis of postoperative chronic opioid 
dependence, supported by the strict control and monitoring of opioid distribution in Taiwan. The regulatory environment 
enhances the reliability of the study’s findings on prevalence and risk factors following elective surgery. Including 
previously unexplored Asian data fills a significant gap in the literature, revealing a 1.6% incidence of chronic opioid 
dependence after elective surgery under general anesthesia in this demographic. Identification of independent risk factors, 
including age, gender, surgical procedures, comorbidities, and preoperative opioid use, contributes valuable insights for 
tailored interventions. Recognizing a high-risk group exceeding a 3.5% risk underscores the study’s relevance and its 
potential to inform targeted public health interventions. These strengths position the study as a significant contribution to 
the field, impacting clinical practice, public health, and inspiring further research endeavors.

Despite its valuable contributions, this study has several limitations that merit consideration. Firstly, the general
izability of the findings may be restricted by the predominantly Asian population, limiting the extrapolation of results to 
more diverse demographic groups. Additionally, the absence of data from other geographic regions may impede 
a comprehensive understanding of global patterns in postoperative chronic opioid dependence. While the predictive 
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model demonstrated commendable accuracy, the study lacked external validation, potentially impacting the model’s 
applicability to other settings. Moreover, the dosage of intraoperative opioid administration is not available in the 
NHIRD. Therefore, we could not determine whether a higher intraoperative opioid dosage leads to a greater need for 
opioids in the postoperative period, and consequently to chronic pain. Lastly, the data collection occurred over the period 
from 2016–2018, potentially rendering the information less reflective of current surgical practices and trends. Changes in 
healthcare practices over time could influence the relevance of the findings in the contemporary landscape. Despite these 
limitations, the study serves as a crucial starting point for further investigations into postoperative chronic opioid 
dependence and highlights areas for refinement and expansion in future research.

Conclusions
Our study found that 1.6% of patients developed chronic opioid dependence beyond 90 days postoperatively. Using Wu 
and Zhang’s predictive scores, we identified significant risk factors contributing to this condition, including age, gender, 
type of surgery, and preoperative opioid use. These findings highlight the importance of early identification and targeted 
interventions to mitigate the risk of chronic postoperative pain and opioid dependence in surgical patients.

Abbreviations
AUC, Area Under the Curve; CDC, Centers for Disease Control and Prevention; CPSP, Chronic Postsurgical Pain; NHI, 
National Health Insurance; NHIRD, National Health Insurance Research Database; ICD-9-CM, International 
Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM, International Classification of Diseases, 
Tenth Revision, Clinical Modification; ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index; 
HR, Hazard Ratio; aHR, Adjusted Hazard Ratio; AIC, Akaike Information Criterion; SD, Standard Deviation; IQR, 
Interquartile Range; NTD, New Taiwan Dollar; N, Numbers; Q1, First Quartile; Q3, Third Quartile; CI, Confidence 
Interval.

Data Sharing Statement
The datasets supporting the study conclusions are included within this manuscript and its additional files.

Ethics Approval and Consent
The study protocols were reviewed and approved by the Institutional Review Board of Tzu-Chi Medical Foundation 
(IRB109-015-B). Lotung Poh-Ai Hospital does not have its own Institutional Review Board (IRB); therefore, we 
commissioned the IRB of Tzu-Chi Medical Foundation to review our human trials. All our clinical trials undergo 
regular audits by the Tzu-Chi Medical Foundation IRB, complying with human research regulations and AAHRPP 
accreditation standards.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
Lo-Hsu Medical Foundation, LotungPoh-Ai Hospital, supports Szu-Yuan Wu and Zhang’s work (Funding Number: 
11001, 11010, 11013, 11103, 11303, 11304).

Disclosure
Mingyang Sun and Wan-Ming Chen are co-first authors for this study. The authors have no potential conflicts of interest 
to declare in this work.

https://doi.org/10.2147/JPR.S471040                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2024:17 4430

Sun et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


References
1. Simon LS. Relieving pain in America: a blueprint for transforming prevention, care, education, and research. J Pain Palliative Care Pharmacother. 

2012;26(2):197–198. doi:10.3109/15360288.2012.678473
2. Rikard SM, Strahan AE, Schmit KM, Guy GP. Chronic pain among adults - United States, 2019-2021. MMWR Morb Mortal Wkly Rep. 2023;72 

(15):379–385. doi:10.15585/mmwr.mm7215a1
3. Bruce J, Quinlan J. Chronic post surgical pain. Rev Pain. 2011;5(3):23–29. doi:10.1177/204946371100500306
4. Fregoso G, Wang A, Tseng K, Wang J. Transition from acute to chronic pain: evaluating risk for chronic postsurgical pain. Pain Physician. 2019;22 

(5):479–488.
5. Gaskin DJ, Richard P. The economic costs of pain in the United States. J Pain. 2012;13(8):715–724. doi:10.1016/j.jpain.2012.03.009
6. Sun EC, Darnall BD, Baker LC, Mackey S. Incidence of and risk factors for chronic opioid use among opioid-naive patients in the postoperative 

period. JAMA Intern Med. 2016;176(9):1286–1293. doi:10.1001/jamainternmed.2016.3298
7. Petersen KK, Simonsen O, Laursen MB, Nielsen TA, Rasmussen S, Arendt-Nielsen L. Chronic postoperative pain after primary and revision total 

knee arthroplasty. Clin J Pain. 2015;31(1):1–6. doi:10.1097/AJP.0000000000000146
8. VanDenKerkhof EG, Peters ML, Bruce J. Chronic pain after surgery: time for standardization? A framework to establish core risk factor and 

outcome domains for epidemiological studies. Clin J Pain. 2013;29(1):2–8. doi:10.1097/AJP.0b013e31824730c2
9. Gan TJ. Poorly controlled postoperative pain: prevalence, consequences, and prevention. J Pain Res. 2017;10:2287–2298. doi:10.2147/JPR. 

S144066
10. Gerbershagen HJ, Dagtekin O, Rothe T, et al. Risk factors for acute and chronic postoperative pain in patients with benign and malignant renal 

disease after nephrectomy. Eur J Pain. 2009;13(8):853–860. doi:10.1016/j.ejpain.2008.10.001
11. Katz J, Poleshuck EL, Andrus CH, et al. Risk factors for acute pain and its persistence following breast cancer surgery. Pain. 2005;119(1–3):16–25. 

doi:10.1016/j.pain.2005.09.008
12. Lim J, Chen D, McNicol E, et al. Risk factors for persistent pain after breast and thoracic surgeries: a systematic literature review and 

meta-analysis. Pain. 2022;163(1):3–20. doi:10.1097/j.pain.0000000000002301
13. Liu X, Tian Y, Meng Z, et al. Up-regulation of Cathepsin G in the development of chronic postsurgical pain: an experimental and clinical genetic 

study. Anesthesiology. 2015;123(4):838–850. doi:10.1097/ALN.0000000000000828
14. Landreneau RJ, Mack MJ, Hazelrigg SR, et al. Prevalence of chronic pain after pulmonary resection by thoracotomy or video-assisted thoracic 

surgery. J Thorac Cardiovasc Surg. 1994;107(4):1079–1085. doi:10.1016/S0022-5223(94)70384-1
15. Makkad B, Heinke TL, Sheriffdeen R, et al. Practice advisory for preoperative and intraoperative pain management of cardiac surgical patients: part 

2. Anesth Analg. 2023;137(1):26–47. doi:10.1213/ANE.0000000000006506
16. Makkad B, Heinke TL, Sheriffdeen R, et al. Practice advisory for preoperative and intraoperative pain management of thoracic surgical patients: 

part 1. Anesth Analg. 2023;137(1):2–25.
17. Doan LV, Blitz J. Preoperative assessment and management of patients with pain and anxiety disorders. Curr Anesthesiol Rep. 2020;10(1):28–34. 

doi:10.1007/s40140-020-00367-9
18. Carley ME, Chaparro LE, Choiniere M, et al. Pharmacotherapy for the prevention of chronic pain after surgery in adults: an updated systematic 

review and meta-analysis. Anesthesiology. 2021;135(2):304–325. doi:10.1097/ALN.0000000000003837
19. Irwin MG, Chung CKE, Ip KY, Wiles MD. Influence of propofol-based total intravenous anaesthesia on peri-operative outcome measures: 

a narrative review. Anaesthesia. 2020;75(Suppl 1):e90–e100. doi:10.1111/anae.14905
20. Katz J, Weinrib A, Fashler SR, et al. The Toronto general hospital transitional pain service: development and implementation of a multidisciplinary 

program to prevent chronic postsurgical pain. J Pain Res. 2015;8:695–702. doi:10.2147/JPR.S91924
21. Clarke H, Azargive S, Montbriand J, et al. Opioid weaning and pain management in postsurgical patients at the Toronto general hospital transitional 

pain service. Can J Pain. 2018;2(1):236–247. doi:10.1080/24740527.2018.1501669
22. Sun M, Lin JA, Chang CL, Wu SY, Zhang J. Association between long-term opioid use and cancer risk in patients with chronic pain: a propensity 

score-matched cohort study. Br J Anaesth. 2022;129(1):84–91. doi:10.1016/j.bja.2022.04.014
23. Sun M, Chang CL, Lu CY, Zhang J, Wu SY. Effect of opioids on cancer survival in patients with chronic pain: a propensity score-matched 

population-based cohort study. Br J Anaesth. 2022;128(4):708–717. doi:10.1016/j.bja.2021.12.051
24. Sun M, Chen WM, Wu SY, Zhang J. Dementia risk after major elective surgery based on the route of anaesthesia: a propensity score-matched 

population-based cohort study. EClinicalMedicine. 2023;55:101727. doi:10.1016/j.eclinm.2022.101727
25. Sun M, Chen WM, Wu SY, Zhang J. Sarcopenia is associated with an increase in long-term use of analgesics after elective surgery under general 

anesthesia. Reg Anesth Pain Med. 2023;48(5):205–210. doi:10.1136/rapm-2022-104144
26. Sun M, Chen WM, Wu SY, Zhang J. Long-term opioid use and dementia risk in patients with chronic pain. J Am Med Dir Assoc. 2023;24(9):1420– 

1426e1422. doi:10.1016/j.jamda.2023.06.035
27. Page MG, Kudrina I, Zomahoun HTV, et al. A systematic review of the relative frequency and risk factors for prolonged opioid prescription 

following surgery and trauma among adults. Ann Surg. 2020;271(5):845–854. doi:10.1097/SLA.0000000000003403
28. Kuck K, Naik BI, Domino KB, et al. Prolonged opioid use and pain outcome and associated factors after surgery under general anesthesia: 

a prospective cohort association multicenter study. Anesthesiology. 2023;138(5):462–476. doi:10.1097/ALN.0000000000004510
29. Hamilton GM, Ladha K, Wheeler K, Nguyen F, McCartney CJL, McIsaac DI. Incidence of persistent postoperative opioid use in patients 

undergoing ambulatory surgery: a retrospective cohort study. Anaesthesia. 2023;78(2):170–179. doi:10.1111/anae.15900
30. Sun MY, Chang CL, Lu CY, Wu SY, Zhang JQ. Sarcopenia as an independent risk factor for specific cancers: a propensity score-matched Asian 

population-based cohort study. Nutrients. 2022;14(9). doi:10.3390/nu14091910
31. Goesling J, Moser SE, Zaidi B, et al. Trends and predictors of opioid use after total knee and total Hip arthroplasty. Pain. 2016;157(6):1259–1265. 

doi:10.1097/j.pain.0000000000000516
32. Brescia AA, Harrington CA, Mazurek AA, et al. Factors associated with new persistent opioid usage after lung resection. Ann Thorac Surg. 

2019;107(2):363–368. doi:10.1016/j.athoracsur.2018.08.057
33. Tan G, Jensen MP, Thornby JI, Shanti BF. Validation of the brief pain inventory for chronic nonmalignant pain. J Pain. 2004;5(2):133–137. 

doi:10.1016/j.jpain.2003.12.005

Journal of Pain Research 2024:17                                                                                                     https://doi.org/10.2147/JPR.S471040                                                                                                                                                                                                                       

DovePress                                                                                                                       
4431

Dovepress                                                                                                                                                              Sun et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3109/15360288.2012.678473
https://doi.org/10.15585/mmwr.mm7215a1
https://doi.org/10.1177/204946371100500306
https://doi.org/10.1016/j.jpain.2012.03.009
https://doi.org/10.1001/jamainternmed.2016.3298
https://doi.org/10.1097/AJP.0000000000000146
https://doi.org/10.1097/AJP.0b013e31824730c2
https://doi.org/10.2147/JPR.S144066
https://doi.org/10.2147/JPR.S144066
https://doi.org/10.1016/j.ejpain.2008.10.001
https://doi.org/10.1016/j.pain.2005.09.008
https://doi.org/10.1097/j.pain.0000000000002301
https://doi.org/10.1097/ALN.0000000000000828
https://doi.org/10.1016/S0022-5223(94)70384-1
https://doi.org/10.1213/ANE.0000000000006506
https://doi.org/10.1007/s40140-020-00367-9
https://doi.org/10.1097/ALN.0000000000003837
https://doi.org/10.1111/anae.14905
https://doi.org/10.2147/JPR.S91924
https://doi.org/10.1080/24740527.2018.1501669
https://doi.org/10.1016/j.bja.2022.04.014
https://doi.org/10.1016/j.bja.2021.12.051
https://doi.org/10.1016/j.eclinm.2022.101727
https://doi.org/10.1136/rapm-2022-104144
https://doi.org/10.1016/j.jamda.2023.06.035
https://doi.org/10.1097/SLA.0000000000003403
https://doi.org/10.1097/ALN.0000000000004510
https://doi.org/10.1111/anae.15900
https://doi.org/10.3390/nu14091910
https://doi.org/10.1097/j.pain.0000000000000516
https://doi.org/10.1016/j.athoracsur.2018.08.057
https://doi.org/10.1016/j.jpain.2003.12.005
https://www.dovepress.com
https://www.dovepress.com


34. Lee JS, Hu HM, Edelman AL, et al. New persistent opioid use among patients with cancer after curative-intent surgery. J Clin Oncol. 2017;35 
(36):4042–4049. doi:10.1200/JCO.2017.74.1363

35. Brummett CM, Waljee JF, Goesling J, et al. New persistent opioid use after minor and major surgical procedures in US adults. JAMA Surg. 
2017;152(6):e170504. doi:10.1001/jamasurg.2017.0504

36. Sun M, Chen WM, Wu SY, Zhang J. Chronic pain following elective surgery under general anesthesia in older adults. J Anesth. 2023;37 
(4):604–615. doi:10.1007/s00540-023-03215-2

37. Qin L, Chen T-M, Kao Y-W, et al. Predicting 90-day mortality in locoregionally advanced head and neck squamous cell carcinoma after curative 
surgery. Cancers. 2018;10(10):392. doi:10.3390/cancers10100392

38. Vrieze SI. Model selection and psychological theory: a discussion of the differences between the Akaike information criterion (AIC) and the 
Bayesian information criterion (BIC). Psychol Methods. 2012;17(2):228–243. doi:10.1037/a0027127

39. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more correlated receiver operating characteristic curves: 
a nonparametric approach. Biometrics. 1988;44(3):837–845. doi:10.2307/2531595

40. Henderson AR. The bootstrap: a technique for data-driven statistics. Using computer-intensive analyses to explore experimental data. Clin Chim 
Acta. 2005;359(1–2):1–26. doi:10.1016/j.cccn.2005.04.002

41. Grunkemeier DM, Cassara JE, Dalton CB, Drossman DA. The narcotic bowel syndrome: clinical features, pathophysiology, and management. Clin 
Gastroenterol Hepatol. 2007;5(10):1126–1139. doi:10.1016/j.cgh.2007.06.013

42. Kurita GP, Sjogren P, Ekholm O, et al. Prevalence and predictors of cognitive dysfunction in opioid-treated patients with cancer: a multinational 
study. J Clin Oncol. 2011;29(10):1297–1303. doi:10.1200/JCO.2010.32.6884

43. Cherny N, Ripamonti C, Pereira J, et al. Strategies to manage the adverse effects of oral morphine: an evidence-based report. J Clin Oncol. 2001;19 
(9):2542–2554. doi:10.1200/JCO.2001.19.9.2542

44. Babul N, Provencher L, Laberge F, Harsanyi Z, Moulin D. Comparative efficacy and safety of controlled-release morphine suppositories and tablets 
in cancer pain. J Clin Pharmacol. 1998;38(1):74–81. doi:10.1002/j.1552-4604.1998.tb04380.x

45. Benyamin R, Trescot AM, Datta S, et al. Opioid complications and side effects. Pain Physician. 2008;11(2 Suppl):S105–120. doi:10.36076/ 
ppj.2008/11/S105

46. Vallejo R, de Leon-Casasola O, Benyamin R. Opioid therapy and immunosuppression: a review. Am J Ther. 2004;11(5):354–365. doi:10.1097/01. 
mjt.0000132250.95650.85

47. Lee M, Silverman SM, Hansen H, Patel VB, Manchikanti L. A comprehensive review of opioid-induced hyperalgesia. Pain Physician. 2011;14 
(2):145–161. doi:10.36076/ppj.2011/14/145

48. Rosoff DB, Smith GD, Lohoff FW. Prescription opioid use and risk for major depressive disorder and anxiety and stress-related disorders: 
a multivariable Mendelian randomization analysis. JAMA Psychiatry. 2021;78(2):151–160. doi:10.1001/jamapsychiatry.2020.3554

49. Jalali MS, Botticelli M, Hwang RC, Koh HK, McHugh RK. The opioid crisis: a contextual, social-ecological framework. Health Res Policy Syst. 
2020;18(1):87. doi:10.1186/s12961-020-00596-8

50. Bohnert AS, Nandi A, Tracy M, et al. Policing and risk of overdose mortality in urban neighborhoods. Drug Alcohol Depend. 2011;113(1):62–68. 
doi:10.1016/j.drugalcdep.2010.07.008

51. Sun M, Chen WM, Wu SY, Zhang J. The influence of advanced age on long-term postsurgical analgesic use in patients receiving neuraxial 
anaesthesia for elective surgery. Eur J Pain. 2023;28(3):408–420. doi:10.1002/ejp.2191

52. Wu SY, Huang JY, Lai YR, Lin JA. Association between long-term opioid use and cancer risk in patients with chronic pain. Br J Anaesth. 2023;130 
(6):e488–e489. doi:10.1016/j.bja.2023.03.002

Journal of Pain Research                                                                                                                   Dovepress 

Publish your work in this journal 
The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the 
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and 
commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

DovePress                                                                                                                             Journal of Pain Research 2024:17 4432

Sun et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1200/JCO.2017.74.1363
https://doi.org/10.1001/jamasurg.2017.0504
https://doi.org/10.1007/s00540-023-03215-2
https://doi.org/10.3390/cancers10100392
https://doi.org/10.1037/a0027127
https://doi.org/10.2307/2531595
https://doi.org/10.1016/j.cccn.2005.04.002
https://doi.org/10.1016/j.cgh.2007.06.013
https://doi.org/10.1200/JCO.2010.32.6884
https://doi.org/10.1200/JCO.2001.19.9.2542
https://doi.org/10.1002/j.1552-4604.1998.tb04380.x
https://doi.org/10.36076/ppj.2008/11/S105
https://doi.org/10.36076/ppj.2008/11/S105
https://doi.org/10.1097/01.mjt.0000132250.95650.85
https://doi.org/10.1097/01.mjt.0000132250.95650.85
https://doi.org/10.36076/ppj.2011/14/145
https://doi.org/10.1001/jamapsychiatry.2020.3554
https://doi.org/10.1186/s12961-020-00596-8
https://doi.org/10.1016/j.drugalcdep.2010.07.008
https://doi.org/10.1002/ejp.2191
https://doi.org/10.1016/j.bja.2023.03.002
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Patients and Methods
	Study Population
	Inclusion and Exclusion Criteria for Patient Selection
	Variables
	Evaluating Postoperative Chronic Opioid Dependence with Wu and Zhang’s Scoring
	Area Under the Curve of Wu and Zhang’s Predictive Scores for Postoperative Chronic Opioid Dependence
	Validating Wu and Zhang’s Predictive Scores for Postoperative Chronic Opioid Dependence
	Risk Stratification with Wu and Zhang’s Predictive Scoring Systems for Postoperative Chronic Opioid Dependence
	Statistical Analysis

	Results
	Demographics of Postoperative Chronic Opioid Dependence
	Postoperative Predictors of Chronic Opioid Dependence in General Anesthesia Surgery
	Evaluating Postoperative Chronic Opioid Dependence with Wu and Zhang’s Scoring
	Area Under the Curve of Wu and Zhang’s Predictive Scores for Postoperative Chronic Opioid Dependence
	Validating Wu and Zhang’s Predictive Scores for Postoperative Chronic Opioid Dependence
	Risk Stratification with Wu and Zhang’s Predictive Scoring Systems for Postoperative Chronic Opioid Dependence

	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics Approval and Consent
	Author Contributions
	Funding
	Disclosure

