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Background/Objectives: Hip osteoarthritis (OA) induces chronic pain and disability in aging populations. Opioids are increasingly
prescribed for refractory hip OA pain; however, comparative safety data are limited. This study aimed to compare the psychiatric,
cardiovascular and skeletal outcomes between codeine and oxycodone in patients with hip OA.

Methods: A population-based retrospective cohort using Korean Health Insurance Review and Assessment Service (HIRA) claims
data was performed in hip OA (M16) patients who initiated codeine or oxycodone. Propensity score matching (PSM) was applied with
sensitivity analyses performed using inverse probability of treatment weighting (IPTW). Outcomes included composite psychiatric
outcomes (depression, anxiety, bipolar disorder, sleep disorders, and schizophrenia), major adverse cardiovascular outcomes (MACE;
myocardial infarction, stroke, cardiovascular death/arrest, heart failure hospitalization), and fractures. Hazard ratios (HR) with 95%
confidence intervals (Cls) were estimated using Cox proportional hazard models.

Results: A total of 16,162 patients were included in the cohort after 1:1 PSM. Codeine was associated with a higher risk of psychiatric
disorders (HR 1.11, 95% CI 1.04-1.19), particularly anxiety (HR 1.14, 95% CI 1.03—1.26) and sleep disorders (HR 1.15, 95% CI
1.02—-1.30). Risks of MACE (HR 1.02, 95% CI 0.92—1.14) and death (HR 1.03, 95% CI 0.92—1.14) were comparable between groups.
Codeine was associated with a higher risk of non-femoral fractures (HR 1.10, 95% CI 1.04-1.16). Subgroup analyses revealed
differentiated risks across age, sex, comorbidities, and concomitant medications.

Conclusion: Codeine use in patients with hip osteoarthritis was associated with a higher risk of psychiatric disorders and distinct
fracture patterns. The observed risks varied according to patient characteristics, comorbidities, and concomitant medications,
emphasizing the need for individualized opioid prescribing strategies that incorporate psychiatric monitoring, fracture risk assessment,
and patient-specific factors. Further controlled studies integrating clinical, lifestyle, and genetic data are warranted to confirm these
findings and refine personalized opioid therapy in hip osteoarthritis.
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Introduction

Hip osteoarthritis (OA) is a highly prevalent musculoskeletal disorder and a leading cause of chronic pain, disability, and
reduced quality of life in aging populations worldwide, with an estimated global prevalence of 8.55%." As symptoms
progress, many patients usually require pharmacological interventions beyond nonsteroidal anti-inflammatory drugs
(NSAIDs) or acetaminophen, and current treatment guidelines recommend reserved opioid use for short-term manage-

ment of severe, refractory pain.® In particular, guidelines generally recommend the use of weak opioids, such as codeine
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or tramadol, before considering strong opioids such as oxycodone.” However, recent epidemiological studies have
reported increasing oxycodone use among patients with OA, raising concerns regarding potential differences in safety
profiles between weak and strong opioids.”*

Opioids not only carry elevated risk of dependence, misuse, or abuse, but also contribute to a wide range of systemic
adverse events affecting the gastrointestinal, neurological, cardiovascular, and psychiatric systems.”> Previous studies
have reported an association between opioid use and an increased risk of mood and anxiety disorders, particularly with
long-term exposure, and similar findings have also been observed among individuals using opioid for non-medical
purposes.®® Moreover, the duration of opioid use appears to be a stronger predictor of opioid-induced depression than
the prescribed opioid dose.” In addition, the risk of opioid misuse is substantially elevated in patients with preexisting
psychiatric disorders such as attention-deficit disorders, bipolar disorder, depression and schizophrenia, as implied by the
Opioid Risk Tool (ORT), a validated screening instrument developed to predict opioid misuse in patients with chronic
nonmalignant pain.'® These findings suggest a potential mutual relationship between psychiatric disorders and opioid use,
whereby psychiatric vulnerability predisposes patients to opioid misuse, while prolonged opioid exposure may exacer-
bate or induce psychiatric morbidity.

Beyond psychiatric outcomes, opioids have also been associated with adverse cardiovascular events, with studies
reporting up to a 74% increased risk of major adverse cardiovascular events (MACE) associated with chronic opioid
use.®!""!'2 Furthermore, opioid use has been consistently associated with an increased risk of falls and fractures,
especially among the elderly.'*'* Opioid has been associated with reduced bone mineral density (BMD), while additional
factors such as opioid-related sedation, impaired balance, dizziness, and orthostatic hypotension, may further contribute
to increased fall risk and fracture susceptibility.'>'® Emerging evidence has further expanded the scope of opioid-related
safety concerns to included neurodegenerative impacts, such as exacerbation of cognitive decline and neuroinflammation,
particularly in vulnerable, older populations.'” Despite known risks, direct comparative evidence of the safety profiles of
commonly prescribed opioids remains limited. Although codeine is generally recommended before the use of oxycodone,
recent epidemiological evidence indicate increasing oxycodone use among patients with OA.* However, comparative
evidence on safety outcomes, particularly psychiatric disorders, MACE, and fractures, between codeine and oxycodone,
is limited. Therefore, this study aimed to compare the risks of psychiatric disorders, MACE, and fractures between
codeine and oxycodone in patients with hip OA and to stratify these risks by patient characteristics to inform
individualized opioid prescribing and enhance patient safety.

Methods

Data Source and Study Population

This was a nationwide, population-based retrospective cohort study using the Health Insurance Review and Assessment
Service (HIRA) National Claims Data (M20230724004), conducted in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines.'® The HIRA database contains administrative data
from the National Health Insurance (NHI), including patient demographics, diagnoses, prescription records, healthcare
services, type of healthcare institution, outpatient and inpatient encounters, and details on hospitalizations.'” Diagnoses
were coded using the Korean Standard Classification of Diseases 8™ Revision, which was adapted from the International
Classification of Diseases, 10™ Revision (ICD-10).

Patients diagnosed with hip OA (ICD-10 code M16) between January 1, 2014 and December 31, 2017 who received
at least one prescription of either oxycodone or codeine were included in the cohort (Figure 1). The index date was
defined as the date of the first prescription of codeine or oxycodone following the initial diagnosis of hip OA. Opioid
exposure was treated as a time-fixed variable defined at the index date to ensure clinical interpretability and minimize
exposure misclassification, particularly given the intermittent and short-term prescribing patterns observed in our data.
After cohort entry, patients were followed longitudinally from the index date until the occurrence of the outcome of
interest, or December 31, 2022, whichever came first. Exclusion criteria were as follows: (1) age <20 or >85 years, (2)
history of codeine or oxycodone use within 1 year prior to index date, (3) diagnoses of psychiatric disorders (F13, F20-
F42, F51) within 1 year prior to the index date, defined as the date of the first codeine or oxycodone prescription
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Cohort Entry Date: First dispensation date of codeine or oxycodone after hip OA (M16) diagnosis
Day 0, index date

Exclusion Assessment Window
(continuous data coverage)
Days [-365, 0]

Washout Window (exposure)
(no codeine or oxycodone)
Days [-365, 0]

Exclusion Assessment Window Outcomes
(cancer, traffic accidents, major surgeries or any study outcome) 1. Psychiatric disorders (anxiety, bipolar disorder, depression, sleep disorder, schizophrenia)
Days [registration, 0] 2. Cardiovascular events (acute myocardial infarction, stroke, cardiovascular death, heart
failure hospitalization)
Exclusion Assessment Window 3. Fractures (fracture of femur, other fracture)
(Age <20 or 285) 4. All-cause mortality

Days [0, 0]

Covariate Assessment Window
(age, sex, cci, type of health insurance)
Days [0, 0]

Covariate Assessment Window
(medical conditions)
Days [registration, 0]

Covariate Assessment Window -
(concomitant medications and health utilization) : Follow-up Window :
Days [-365, 0] (The earliest of the outcome of interest, death, drug switch, loss to
follow-up, or the study end date)
Days [0, End] e

Figure | Study design.

following an M16 diagnosis, (4) diagnosis of cancer (C00-D48), (5) history of opioid-related disorders (F11), (6)
medication history of buprenorphine or naloxone injection,(7) history of orthopedic joint implants (Z96.6), burns injuries,
traffic crashes, and (8) use of low-dose (<50mg) dihydrocodeine, typically prescribed as an antitussive. The study
protocol was approved by Institutional Review Board (IRB) of Kyung Hee University (KHSIRB-23-272-1(EA)), and
requirement for informed consent was waived owing to the retrospective study design using anonymized data.

Study Outcomes and Covariates

The primary study outcome was the incidence of composite psychiatric disorders, defined as depression (F32-F33),
anxiety disorder (F41), bipolar disorder (F30-F31), sleep disorder (F51) or schizophrenia (F20-F25). Secondary study
outcomes were MACE, fractures, and mortality after initiation of either oxycodone or codeine. MACE was defined as
myocardial infarction (I121-122), stroke (160-164, 169), cardiovascular death/arrest (140, 146), or hospitalization for heart
failure (111, 113, 113.2, I50). Fractures were identified using prespecified diagnostic codes: S22, S32, S42, S52, S62, S72,
S82, S92, T02, TO8, T10-13, T142, M80. Patients were followed from the index date until the earliest of the following
events: outcome occurrence, medication switch, or December 31, 2022, with a maximum follow-up of nine years.
Baseline characteristics, including demographics, (age, sex), Charlson Comorbidity Index (CCI), comorbidities, and
concomitant medications, were assessed during the 12 months prior to the index date.

Statistical Analysis

To compare the risks of psychiatric disorders, MACE, fracture, and death between codeine and oxycodone users, a 1:1
nearest neighbor propensity score-matching (PSM) without replacement was performed using a caliper width of 0.1.
Covariate balance was assessed using standardized mean differences (SMD), with values <0.1 indicating adequate
balance. All baseline covariates were complete, with no missing values. Patients with medication use exceeding the
99th percentile of the overall distribution were excluded to minimize the influences of outliers. Cumulative incidence
rates were estimated using Kaplan-Meier curves and compared with the Log rank test. Multivariable Cox proportional
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hazard models were used to estimate hazard ratios (HR) with 95% confidence intervals (Cls), adjusted for age, sex, CCI,
baseline comorbidities (diabetes mellitus (DM), cardiovascular disorders (CVD), chronic kidney disease (CKD), neuro-
logical disease, thyroid disease, liver disease, gastrointestinal disease, osteoporosis, and asthma), and concomitant
medications (benzodiazepines, antidepressants, antipsychotics, anticonvulsants, non-steroidal anti-inflammatory drugs
[NSAIDs], and tramadol). The proportional hazards assumption was assessed using the Schoenfeld residual test.
Subgroup analyses were performed within the PSM cohort according to sex, age group (20-39 years, 40—64 years and
>65 years), CCI index, type of health insurance, comorbidities, and concomitant medications. To assess the robustness of
the primary findings, we conducted sensitivity analyses using inverse probability of treatment weighting (IPTW). In
addition, to evaluate potential duration-dependent effects, we performed a prespecified sensitivity analysis stratifying
patients into short-term (<30 days) and relatively sustained (=30 days) opioid use groups. All statistical analyses were
performed using SAS version 7.14 (SAS Institute, Inc., Cary, NC, USA) and R version 3.5.1 (R Core Team). A two-sided

P-value <0.05 was considered statistically significant.

Results

Characteristics of Patients Before and After Matching

Among 487,994 patients diagnosed with hip OA between 2014 and 2017, 29,919 patients who received at least one
prescription for either oxycodone or codeine were included in the cohort (Figure 2). A total of 16,162 patients were
retained after 1:1 PSM. Baseline characteristics before and after PSM are summarized in Table 1. The age distribution
was comparable between two groups, with more than 60% of patients aged >65 years. Comorbidities and concomitant
medications use were well balanced between the two groups; however, residual imbalance remained for tramadol use
(SMD = 0.381), asthma (SMD=0.130), and osteoporosis (SMD=0.101). In the matched cohort, the mean (£ standard
deviation) duration of opioid use was 59.57 + 206.39 days in the oxycodone and 40.63+101.18 days in the codeine group,
with median duration of 16 days (interquartile range [IQR] 37) and 14 days (IQR 28), respectively.

Study Flow Chart

N = 487,994

All patients with M 16 diagnosis (Hip OA) in

2014-2017 . . P L :
1. Patients diagnosed with hip osteoarthritis between 2014 and 2017

2. Patients who received at least one prescription for either codeine or oxycodone

\ 4

N =100,403

Patients who received at least one prescription of codeine
or oxycodone

v 1. Patients with no history of narcotic use (N=385,914)
Patients who concurrently received both codeine or oxycodone on index date
(N=1,677)

[

Cohort Entry

1. Patients aged <20 or =85 years (N=3,714)

History of using codeine or oxycodone within 1 year prior to index
date (N=5,908)

History of mental illness within 1 year prior to index date (N=38)
History of cancer within all year prior to index date (N=58.781)
Other pre-index 1-year exclusion criteria (N=1,587)

History of injection use or substance use disorder within 1 year
prior to index date (N=456)

[

oW

Codeine Group Oxycodone Group

Figure 2 Flowchart of Patients from the HIRA Database (2014-2022) with exclusion and inclusion criteria.
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Table | Baseline Characteristics of the PS-Matched Cohort

Before PS Matching

After PS Matching

Characteristics Codeine Oxycodone | SMD Codeine Oxycodone | SMD
(n=19,007) (n=8089) (n=8081) (n=8,081)

Age (%)

20-39 1,230 (6.5) 415 (5.1) 0.079 394 (4.9) 415 (5.1) 0.035

40-64 7,116 (37.4) | 2,863 (35.4) 2,742 (33.9) | 2,861 (35.4)

65~84 10,661 (56.1) | 4,811 (59.5) 4,945 (61.2) | 4,805 (59.5)

Sex (%)

Male 7,699 (40.5) | 3,163 (39.1) | 0.029 | 3,133 (38.8) | 3,I55(39.0) | 0.006

Female 11,308 (59.5) | 4,926 (60.9) 4,948 (61.2) | 4,926 (61.0)

CClI (%)

CClI (mean (sd)) 2.65 (2.09) 2.73 (2.21) | 0.003 | 2.84 (2.13) 2.73 (2.21) | 0.049

0 2,503 (13.2) 1,245 (15.4) | 0.097 | 945 (11.7) 1,244 (15.4) | 0.121

| 4,070 (21.4) 1,592 (19.7) 1,493 (18.5) | 1,590 (19.7)

2 4,059 (21.4) 1,616 (20.0) 1,716 (21.2) | 1,615 (20.0)

3 3,061 (16.1) 1,180 (14.6) 1,315 (16.3) | 1,180 (14.6)

4+ 5314 (28.0) | 2,456 (30.4) 2,612 (32.3) | 2,452 (30.3)

Index year (%)

2014 1,063 (5.6) 575 (7.1) 0.150 535 (6.6) 575 (7.1) 0.056

2015 2,047 (10.8) 91l (11.3) 925 (11.4) 9l (11.3)

2016 2,855 (15.0) 1,300 (16.1) 1,265 (15.7) | 1,298 (l6.1)

2017 3,372 (17.7) 1,404 (17.4) 1,373 (17.0) | 1,403 (17.4)

2018 3,144 (16.5) 1,071 (13.2) 1,145 (14.2) | 1,070 (13.2)

2019 2,488 (13.1) 894 (11.1) 986 (12.2) 894 (11.1)

2020 1,485 (7.8) 735 (9.1) 688 (8.5) 733 (9.1)

2021 1,177 (6.2) 648 (8.0) 602 (7.4) 647 (8.0)

2022 1,376 (7.2) 551 (6.8) 562 (7.0) 550 (6.8)

Insurance Type (%)

Health insurance 17,407 (91.6) | 7,349 (90.9) | 0.052 | 7,290 (90.2) | 7,349 (90.9) | 0.028

Medical aid 1,569 (8.3) 705 (8.7) 767 (9.5) 704 (8.7)

Veterans’ medical benefits 31 (0.2) 35 (0.4) 24 (0.3) 28 (0.3)

Comorbidities (%)

Hypertension 10,701 (56.3) | 4,904 (60.6) | 0.088 | 5,041 (62.4) | 4,896 (60.6) | 0.037

Dyslipidemia 11,232 (59.1) | 4,834 (59.8) | 0.014 | 5,068 (62.7) | 4,828 (59.7) | 0.06l

Arrhythmia 1,303 (6.9) 577 (7.1) 0.011 595 (7.4) 576 (7.1) 0.009

Heart Failure 1,540 (8.1) 683 (8.4) 0.012 692 (8.6) 681 (8.4) 0.005

Myocardial infarction 3,266 (17.2) 1,548 (19.1) | 0.051 | 1,516 (18.8) | 1,542 (19.1) | 0.008

Cardiovascular disease 14,042 (73.9) | 6,169 (76.3) | 0.055 | 6,419 (79.4) | 6,161 (76.2) | 0.077

DM 6,750 (35.5) | 3,088 (38.2) | 0.055 | 3,200 (39.6) | 3,083 (38.2) | 0.030

Stroke 1,724 (9.1) 809 (10.0) 0.032 | 847 (10.5) 808 (10.0) 0.016

CKD 579 (3.0) 342 (4.2) 0.063 328 (4.1) 341 (4.2) 0.008

COPD 1,437 (7.6) 496 (6.1) 0.057 572 (7.1) 496 (6.1) 0.038

Asthma 4,992 (26.3) 1,405 (17.4) | 0217 | 1,823 (22.6) | 1,405 (17.4) | 0.130

Dyspnea 2,219 (11.7) 793 (9.8) 0.06 896 (11.1) 793 (9.8) 0.042

Respiratory disease 6,669 (35.1) | 2,153 (26.6) | 0.184 | 2,502 (31.0) | 2,153 (26.6) | 0.095

(Continued)

Drug Design, Development and Therapy 2026:20

https:



Lee et al

Table | (Continued).

Before PS Matching After PS Matching
Characteristics Codeine Oxycodone | SMD Codeine Oxycodone | SMD
(n=19,007) (n=8089) (n=8081) (n=8,081)

Pulmonary edema 119 (0.6) 47 (0.6) 0.006 52 (0.6) 47 (0.6) 0.008
Other musculoskeletal disorders | 14,164 (74.5) | 6,928 (85.6) | 0.281 | 6,926 (85.7) | 6,920 (85.6) | 0.002
Rheumatic disease 1,852 (9.7) 1,122 (13.9) | 0.128 | 937 (11.6) 1,122 (13.9) | 0.069
Osteoporosis 6,472 (34.1) | 3,592 (44.4) | 0.213 | 3,185 (39.4) | 3,589 (44.4) | 0.101
Parkinson’s disease 505 (2.7) 240 (3.0) 0.019 245 (3.0) 240 (3.0) 0.004
Alzheimer’s disease 176 (0.9) 91 (1.1) 0.020 83 (1.0) 9l (1.1) 0.010
Epilepsy 656 (3.5) 324 (4.0) 0.029 349 (4.3) 323 (4.0) 0.016
Neurological disorder 1,180 (6.2) 577 (7.1) 0.037 604 (7.5) 576 (7.1) 0.013
Peripheral vascular disease 4,225 (22.2) 1,965 (24.3) | 0.049 | 2,104 (26.0) | 1,963 (24.3) | 0.040
Sleep Disorder 3,579 (18.8) 1,671 (20.7) | 0.046 | 1,784 (22.1) | 1,669 (20.7) | 0.035
Hypothyroidism 1,099 (5.8) 443 (5.5) 0.013 547 (6.8) 441 (5.5) 0.055
Hyperthyroidism 376 (2.0) 167 (2.1) 0.006 165 (2.0) 167 (2.1) 0.002
Thyroids disorder 1,391 (7.3) 574 (7.1) 0.009 671 (8.3) 572 (7.1) 0.046
Chronic liver disease 913 (4.8) 430 (5.3) 0.023 451 (5.6) 430 (5.3) 0.011
Peptic ulcer disease 6,855 (36.1) | 3,018 (37.3) | 0.026 | 3,129 (38.7) | 3,015 (37.3) | 0.029
GERD 12,656 (66.6) | 5,329 (65.9) | 0.015 | 5,558 (68.8) | 5,325 (65.9) | 0.062
IBD 41 (0.2) 22 (0.3) 0.011 14 (0.2) 22 (0.3) 0.021
Gastrointestinal disorder 14,460 (76.1) | 6,148 (76.0) | 0.002 | 6,322 (78.2) | 6,142 (76.0) | 0.053
Medication abuse 38 (0.2) 15 (0.2) 0.003 19 (0.2) 15 (0.2) 0.011
Fracture 2,952 (15.5) 1,464 (18.1) | 0.069 | 1,550 (19.2) | 1,464 (18.1) | 0.027
Concomitant Medications

Benzodiazepines 4,435 (23.3) 1,913 (23.6) | 0.007 | 2,168 (26.8) | 1,911 (23.6) | 0.073
Anticonvulsants 399 (2.1) 231 (2.9) 0.049 216 (2.7) 230 (2.8) 0.011
Antidepressants 2,553 (13.4) 1,287 (15.9) | 0.070 | 1,318 (16.3) | 1,284 (15.9) | 0.011
Antipsychotics 619 (3.3) 314 (3.9) 0.034 321 (4.0) 312 (3.9) 0.006
Hypnotics 1,122 (5.9) 564 (7.0) 0.044 581 (7.2) 564 (7.0) 0.008
NSAIDs 12,048 (63.4) | 6,703 (82.9) | 0.450 | 6,618 (81.9) | 6,695 (82.8) | 0.025
Acetaminophen 2,888 (15.2) 1,549 (19.1) | 0.105 | 1,574 (19.5) | 1,546 (19.1) | 0.009
Tramadol 6,946 (36.5) | 5,219 (64.5) | 0.583 | 3,709 (45.9) | 5,212 (64.5) | 0.381
Corticosteroids 2,174 (11.4) 964 (11.9) 0.015 | 1,061 (13.1) 964 (11.9) 0.036

Notes: After PS matching, p-values are not presented; between-group balance was evaluated using standardized mean differences (SMD).
SMD<0.I indicates adequate covariate balance.

Abbreviations: CCl, Charlson Comorbidity Index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; GERD,
gastroesophageal reflux disease; IBD, inflammatory bowel disease; NSAIDs, nonsteroidal anti-inflammatory drugs; PS, propensity score;
PVD, peripheral vascular disease; SMD, standardized mean difference.

Risk of Psychiatric Disease
Kaplan—Meier survival analyses further illustrated the cumulative incidence of study outcomes between the two groups
(Figure 3). Patients treated with codeine showed a significantly higher cumulative incidence of composite psychiatric
outcomes (log-rank p = 0.027) and sleep disorders (log-rank p = 0.031). With respect to skeletal outcomes, the cumulative
incidence of overall fracture (log-rank p = 0.032) and non-femoral fractures (log-rank p = 0.00042) was higher among codeine
users, whereas a lower cumulative incidence of femoral fractures was observed in the codeine group (log-rank p <0.0001). No
significant difference was observed in the cumulative incidence of MACE or all-cause mortality between the two groups.
The incidence rate (IR) of composite psychiatric disorders was 45.9 per 1,000 person-years (PY) for oxycodone and
51.0 per 1,000 PY for codeine, with an adjusted HR (aHR) of 1.11 (95% CI 1.04—1.19) (Table 2). The IR of anxiety was
18.7 per 1,000 PY for oxycodone and 20.3 per 1,000 PY for codeine (aHR 1.14, 95% CI 1.03—1.26). The IR of sleep
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Figure 3 Kaplan-Meier Curves for study outcomes. (A) Composite psychiatric outcomes, (B) Sleep disorders, (C) MACE, (D) Fracture, (E) Femoral fracture, (F) Non-
femoral fracture and (G) All-cause mortality.

disorder was also significantly higher among patients treated with codeine (aHR 1.15, 95% CI 1.02—1.30). With respect
to fracture outcomes, codeine use was associated with a higher risk of non-femoral fractures (aHR 1.10, 95% CI
1.04-1.16), whereas a lower risk of femoral fracture was observed (aHR 0.65, 95% CI 0.58-0.72). However, the overall
fracture risk did not differ significantly between the two groups in the fully adjusted model. No statistically significant
differences were observed between oxycodone and codeine users in the risks of death and MACE, including stroke,
cardiovascular death/arrest, and hospitalization for heart failure.

Subgroup Analysis

Subgroup-based stratified analyses of composite psychiatric outcomes by patient characteristics, including age, sex, CCI,
insurance type, comorbidities and concomitant medications, are summarized in Table 3. Among patients aged 40-64 years,
codeine use was associated with a significantly higher risk of composite psychiatric outcomes (HR 1.22, 95% CI 1.07-1.38)
and anxiety disorders (HR 1.25, 95% CI 1.04-1.51). Factors associated with a significantly higher risk of sleep disorders
with codeine included older age > 65 years (HR 1.17, 95% CI 1.00-1.37), female sex (HR 1.18, 95% CI 1.00-1.38), CCI
scores > 3 (HR 1.23, 95% CI 1.03-1.45), DM (1.32, 95% CI 1.09-1.61), and concomitant antidepressant use (HR 1.28,
95% CI 1.01-1.62). The risks of composite psychiatric disorders, including anxiety disorders and sleep disorders, were
more pronounced with codeine in patients without CKD, neurological disorders, or osteoporosis, as well as in those not
receiving concomitant benzodiazepines, antipsychotics, hypnotics, corticosteroids, and antiepileptics. The risk of composite
psychiatric disorder was greater with codeine regardless of NSAIDs use, but the risk of anxiety and depression was higher
in those not using NSAIDs (HR 1.38, 95% CI 1.05-1.81 for anxiety and HR 1.34, 95% CI 1.04-1.71 for depression). The
risk of anxiety was greater in the codeine group regardless of tramadol use, whereas composite psychiatric outcome was
significantly elevated with codeine among patients receiving tramadol (HR 1.13, 95% CI 1.04-1.22).

Concomitant use of benzodiazepines and antipsychotics was associated with higher risk of stroke and MACE among
patients received codeine (Table 4). In addition, codeine use was associated with an increased risk of MACE in patients
with underlying CKD or neurological disorders.

The risk of overall fracture was significantly elevated with codeine in patients without DM (HR 1.09, 95% CI
1.01-1.17), CKD (HR 1.08, 95% CI 1.02—1.14), asthma (HR 1.06, 95% CI 1.00-1.12), or neurological disorder (HR 1.08
95% CI 1.02-1.15), as well as in those without concomitant use of antiepileptics (HR 1.07, 95% CI 1.01-1.13), hypnotics
(HR 1.09, 95% CI 1.03—1.16), or corticosteroids (HR 1.07, 95% CI 1.01-1.14) (Table 5). Notably, heterogeneous patterns
in the risk of overall fracture were observed across subgroups stratified by NSAIDs and tramadol use, with elevated risks
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Table 2 Risk of Outcomes and All-Cause Mortality in Codeine vs Oxycodone Users

Outcome Incidence Rate HR
Codeine Oxycodone Crude Adjusted
Events Total IR/ Events Total IR/ HR P-value aHR? P-value aHR® P-value
PY 1000PY PY 1000PY (95% CI) (95% CI) (95% CI)
Composite Psychiatric 1567 30,732 51.0 1519 33,068 45.9 1.10 (1.03-1.18) 0.007 1.10 (1.03-1.19) 0.006 111 (1.04-1.19) 0.002
Outcome
Anxiety 691 34,038 203 682 36,481 18.7 .11 (1.00-1.24) 0.028 1.11 (1.00-1.24) 0.045 1.14 (1.03-1.26) 0.013
Bipolar disorder 78 36,172 22 82 38,653 2.1 0.81 (0.58-1.12) 0.204 0.88 (0.63-1.24) 0.469 1.04 (0.78-1.39) 0.772
Depression 732 33,766 21.7 726 36,104 20.1 1.07 (0.97-1.19) 0.179 1.08 (0.97-1.19) 0.167 1.07 (0.98-1.18) 0.149
Sleep Disorder 504 34,694 14.5 462 37,209 12.4 1.18 (1.04-1.34) 0.010 1.17 (1.03-1.32) 0.017 1.15 (1.02-1.30) 0.025
Schizophrenia 16 36,346 0.4 19 38,835 0.5 1.33 (0.73-2.44) 0.348 1.45 (0.79-2.68) 0.231 1.66 (0.93-2.95) 0.085
MACE 551 34,741 15.9 542 37,160 14.6 1.10 (0.97-1.24) 0.127 1.06 (0.94-1.19) 0.371 1.02 (0.92-1.14) 0.685
Acute Myocardial Infarction 70 36,191 1.9 98 38,631 2.5 0.76 (0.56—1.03) 0.077 0.74 (0.54-1.00) 0.052 0.77 (0.59-1.01) 0.056
Stroke 311 35,438 8.8 296 37,890 7.8 1.15 (0.98-1.35) 0.088 1.11 (0.95-1.30) 0.198 1.13 (0.98-1.31) 0.081
Cardiovascular death/ 49 36,271 1.4 48 38,796 1.2 0.94 (0.62-1.42) 0.769 0.88 (0.58-1.33) 0.532 0.86 (0.58-1.26) 0.434
Arrest
Heart Failure 150 35,972 42 140 38,494 3.6 1.20 (0.96-1.51) 0.116 1.14 (0.91-1.43) 0.271 1.01 (0.82-1.23) 0.961
hospitalization
Fracture 2256 28,843 782 2283 30,890 739 1.07 (1.01-1.13) 0.032 1.05 (0.99-1.11) 0.138 1.03 (0.98-1.08) 0.284
Fracture of Femur 316 35,221 9.0 453 37,170 12.2 0.74 (0.64-0.85) 0.000 0.72 (0.62-0.83) 0.000 0.65 (0.58-0.72) 0.000
Non-femoral Fractures 2079 29,621 70.2 2040 31,975 63.8 1.12 (1.05-1.19) 0.000 1.10 (1.03-1.16) 0.004 1.10 (1.04-1.16) 0.000
Death 618 34,564 17.9 574 37,242 15.4 1.11 (0.99-1.24) 0.087 1.05 (0.93-1.17) 0.443 1.03 (0.92-1.14) 0.635

Notes: *Adjusted for age, sex, CCl, comorbidities (CVD, DM, CKD, neurological disease, thyroid disease, liver disease, gastrointestinal disease), and comedications (benzodiazepine, anticonvulsant, antidepressant, and steroid).
bAd]usted for adjusted for age, sex, CCl, comorbidities (asthma, osteoporosis, CVD, DM, CKD, neurological disease, thyroid disease, liver disease, gastrointestinal disease), and comedications (tramadol, NSAIDs,
benzodiazepine, anticonvulsant, antidepressant, and steroid).

Abbreviations: Cl, confidence interval; HR, hazard ratio; IR, incidence rate; MACE, major adverse cardiovascular events; PY, person-years.
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Table 3 Subgroup Analysis on the Risk of Psychiatric Outcomes

Subgroup Composite Psychiatric Outcomes Anxiety Depression Sleep disorder
HR (95% CI) p-value HR (95% CI) | p-value | HR (95% Cl) | p-value [ HR (95% CI) | p-value

Age

20-39 1.21(0.86-1.71) 0.267 1.44(0.85-2.45) 0.176 1.22(0.77-1.92) 0.393 0.75(0.38-1.5) 0.419

40-64 1.22(1.07-1.38) 0.002 1.25(1.04-1.51) 0.019 1.1(0.92-1.32) 0313 1.23(0.98-1.54) 0.075

65+ 1.03(0.95-1.13) 0.455 1.04(0.92-1.19) 0.537 1.05(0.92-1.19) 0.489 1.17(1.00-1.37) 0.047
Sex

Male 1.14(1-1.29) 0.047 1.15(0.95-1.38) 0.157 1.01(0.84-1.23) 0.899 1.18(0.96—-1.45) 0.110

Female 1.08(0.99-1.18) 0.067 1.11(0.98-1.26) 0.105 1.09(0.97-1.23) 0.149 1.18(1.00-1.38) 0.046
CcCl

0 1.22(0.96—1.56) 0.103 1.51(1.01-2.25) 0.044 0.98(0.68—1.41) 0911 1.43(0.94-2.17) 0.095

| 1.12(0.94-1.32) 0.203 1.23(0.96-1.58) 0.105 1.11(0.87-1.42) 0.409 1.1(0.81-1.50) 0.540

2 1.14(0.97-1.33) 0.112 1.15(0.91-1.44) 0.252 1.2(0.96-1.51) 0.107 | 0.95(0.72-1.27) 0.744

3+ 1.03(0.94-1.14) 0.518 1.01(0.87-1.16) 0.938 1(0.87-1.14) 0.941 1.23(1.03—-1.45) 0.020
Insurance type

Health insurance 1.09(1.01-1.18) 0.024 1.11(0.99-1.24) 0.078 1.06(0.95-1.19) 0.290 1.21(1.06-1.38) 0.005

Medical aid 1.19(0.97—-1.45) 0.093 1.27(0.94-1.72) 0.124 1.14(0.88—-1.49) 0.324 | 0.96(0.67—-1.40) 0.848

Veterans’ medical benefits 0.38(0.08-1.89) 0.239 0(0-Inf) 0.999 0(0-Inf) 0.999 | 0.83(0.14-4.94) 0.833
CVD history

No 1.23(1.05-1.45) 0.012 1.4(1.1-1.78) 0.007 1.06(0.83—1.35) 0.630 1.28(0.94-1.73) 0.15

Yes 1.06(0.98-1.15) 0.121 1.06(0.94-1.19) 0.327 1.07(0.95-1.19) 0.277 | 1.15(1.00-1.32) 0.053
DM

No 1.13(1.04-1.24) 0.007 1.25(1.09-1.43) 0.002 1.12(0.98-1.28) 0.104 1.09(0.92-1.28) 0.313

Yes 1.05(0.94-1.18) 0.357 0.97(0.83-1.14) 0.722 1.01(0.86—1.18) 0910 1.32(1.09-1.61) 0.006
CKD

No 1.11(1.03-1.19) 0.006 1.13(1.01-1.25) 0.027 1.07(0.97-1.19) 0.196 1.19(1.04-1.35) 0.009

Yes 1(0.69-1.45) 0.995 1.05(0.58-1.92) 0.863 1.12(0.65-1.91) 0.688 1.03(0.56-1.9) 0.931
Neurological disorders

No 1.11(1.03-1.19) 0.008 1.13(1.01-1.26) 0.034 1.09(0.97-1.21) 0.141 1.18(1.04-1.35) 0.013

Yes 1.07(0.86-1.32) 0.572 1.11(0.78-1.56) 0.566 0.98(0.73-1.31) 0.894 1.14(0.76-1.71) 0.532
Osteoporosis

No 1.18(1.07-1.30) 0.001 1.22(1.06—1.40) 0.006 1.10(0.96-1.27) 0.155 1.22(1.03—1.44) 0.021

Yes 1.05(0.95-1.15) 0.359 1.08(0.94-1.24) 0.283 1.04(0.90-1.18) 0.620 1.06(0.89—-1.26) 0.509
Asthma

No 1.12(1.04-1.21) 0.004 1.17(1.05-1.32) 0.007 1.08(0.97-1.20) 0.182 1.12(0.97-1.28) 0.115

Yes 1.00(0.87—1.14) 0.994 0.98(0.81-1.18) 0.823 0.97(0.80-1.19) 0.772 1.12(0.88-1.43) 0.350
Benzodiazepine use

No 1.25(1.13-1.37) 0.000 1.35(1.16-1.56) 0.000 1.18(1.01-1.38) 0.034 1.28(1.08-1.53) 0.005

Yes 0.93(0.84-1.02) 0.132 0.91(0.79-1.05) 0.205 0.95(0.83-1.09) 0.444 1.04(0.87-1.25) 0.680

(Continued)
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Table 3 (Continued).

Subgroup Composite Psychiatric Outcomes Anxiety Depression Sleep disorder

HR (95% CI) p-value HR (95% CI) | p-value | HR (95% Cl) | p-value | HR (95% CI) | p-value

Antiepileptic use

No 1.11(1.03-1.19) 0.006 1.14(1.02-1.26) 0020 | 1.07(096-1.18) | 0238 | 1.18(1.04-134) | 0012
Yes 1.09(0.79—1.52) 0.59% 0.95(0.57-1.58) 0.833 1.350.86-2.1) | 0.189 | 122(0.59-2.54) | 0589

Antidepressant use

No 1.09(1-1.19) 0.057 1.1(0.97-1.26) 0.128 | 1.08(0.94-124) | 0277 | 1.150.99-133) | 0072
Yes 1.16(1.03-1.31) 0013 1.19(0.99-1.42) 0064 | 108(0.93-126) | 0324 | 1.28(1.01-1.62) | 0.039

Antipsychotic use

No 1.13(1.05-1.21) 0.002 1.16(1.04-1.29) 0.008 1.09(0.98-1.22) 0.112 1.2(1.05-1.36) 0.007
Yes 0.97(0.77-1.22) 0.769 0.83(0.56-1.22) 0.339 1.02(0.76-1.37) 0.890 0.97(0.59-1.6) 0916

Hypnotic use

No 1.13(1.05-1.22) 0.002 1.14(1.02-1.28) 0.020 1.1(0.99-123) | 0.091 | 1.21(1.05-1.4) 0.011
Yes 0.97(0.82-1.15) 0.707 1.04(0.8-1.36) 0760 | 0950.74-122) | 0670 | 1.11(0.87-1.42) | 0.402

Corticosteroid use

No 1.09(1.01-1.18) 0.024 1.13(1.01-1.26) 0.040 1.07(0.96-1.19) 0.251 1.18(1.03-1.36) 0.016

Yes 1.16(0.96—1.41) 0.116 1.11(0.84-1.47) 0.471 1.12(0.84-1.49) 0.447 1.15(0.83-1.59) 0.399
NSAIDs use

No 1.24(1.04-1.47) 0.016 1.38(1.05-1.81) 0.022 1.34(1.04-1.71) 0.023 1.24(0.89-1.71) 0.203

Yes 1.08(1.01-1.16) 0.032 1.11(1.00-1.24) 0.055 1.02(0.92-1.13) 0.715 1.12(0.98-1.27) 0.090

Tramadol use

No 1.09(0.97-1.23) 0.139 1.20(1.01-1.42) 0.043 1.07(0.91-1.27) 0410 | 1.15(0.93-1.43) 0.198
Yes 1.13(1.04-1.22) 0.004 1.13(1.00-1.28) 0.048 1.07(0.96-1.21) 0.231 1.14(0.99-1.32) 0.067

Notes: p-values are based on Cox proportional hazards models adjusted for baseline covariates.
Abbreviations: CCl, Chalson Comorbidity Index; Cl, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; HR, hazard
ratio; IR, incidence rate; NSAID, non-steroidal anti-inflammatory drug; PY, person-years.

Table 4 Subgroup Analysis on the Risk of MACE

Subgroup Acute Myocardial Stroke MACE
Infarction
HR (95% CI) p-value HR (95% ClI) | p-value | HR (95% CI) | p-value
Age
20-39 0.81(0.57-1.15) 0.810 0(0-Inf) 0.999 0.62(0.06—6.85) 0.698
40-64 0.61(0.33-1.13) 0.610 1.16(0.79-1.70) 0.463 0.96(0.72-1.27) 0.761
65+ 0(0-Inf) 0.000 1.11(0.93-1.32) 0.261 1.09(0.96—1.25) 0.179
Sex
Male 0.8(0.53-1.21) 0.800 1.29(0.98-1.69) 0.066 1.18(0.97-1.42) 0.098
Female 0.73(0.46—1.14) 0.730 1.08(0.89—1.31) 0.458 1.05(0.90-1.22) 0.530
0 0.30(0.09-1.06) 0.300 1.83(0.9-3.74) 0.097 1.15(0.69-1.93) 0.596
| 0.46(0.19-1.13) 0.460 2.02(1.29-3.17) 0.002 1.34(0.96-1.86) 0.084
2 0.53(0.24-1.17) 0.530 0.94(0.63-1.39) 0.747 0.88(0.66—1.17) 0.374
3+ 1(0.68-1.47) 1.000 0.99(0.81-1.2) 0.907 1.06(0.92-1.23) 0.435
(Continued)
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Table 4 (Continued).

Subgroup Acute Myocardial Stroke MACE
Infarction
HR (95% CI) p-value HR (95% CI) | p-value | HR (95% CI) | p-value

Insurance type

Health insurance 0.77(0.56-1.07) 0.770 1.12(0.95-1.33) 0.186 1.09(0.96-1.24) 0.191

Medical aid 0.73(0.28-1.92) 0.730 1.25(0.81-1.93) 0.318 1.13(0.80-1.58) 0.493

Veterans’ medical benefits 0(0—Inf) 0.000 3.59(0.37-34.56) 0.268 1.58(0.35-7.05) 0.552
CvD

No 0.63(0.3-1.36) 0.630 1.29(0.83-1.99) 0.257 1.1(0.79-1.54) 0.574

Yes 0.78(0.55-1.09) 0.780 1.11(0.94-1.31) 0.238 1.08(0.95-1.22) 0.265
DM

No 0.63(0.39-1.02) 0.630 1.28(1.02—-1.62) 0.034 1.09(0.92-1.30) 0.328

Yes 0.86(0.57-1.29) 0.860 1.03(0.83-1.28) 0.796 1.09(0.93-1.29) 0.279
CKD

No 0.72(0.52-1) 0.720 1.15(0.97-1.35) 0.107 1.06(0.94-1.20) 0.345

Yes 1.09(0.45-2.62) 1.090 1.21(0.66-2.22) 0.535 1.62(1.08-2.41) 0.019
Neurological disorders

No 0.72(0.52-0.99) 0.720 1.14(0.96-1.35) 0.149 1.06(0.93—1.20) 0.379

Yes 1.23(0.48-3.19) 1.230 1.23(0.84-1.81) 0.295 1.39(1.01-1.91) 0.043
Osteoporosis

No 0.83(0.59-1.17) 0.286 1.30(1.05-1.61) 0.016 1.15(0.98-1.34) 0.085

Yes 0.73(0.47-1.13) 0.154 1.03(0.85-1.24) 0.761 1.00(0.86—1.15) 0.947
Asthma

No 0.78(0.58-1.04) 0.094 1.12(0.96-1.32) 0.158 1.03(0.91-1.16) 0.648

Yes 0.94(0.50-1.78) 0.852 1.08(0.81-1.45) 0.607 1.03(0.84-1.27) 0.757
Benzodiazepine use

No 0.75(0.52—1.08) 0.750 1.04(0.85-1.26) 0.723 1.01(0.88-1.17) 0.851

Yes 0.77(0.43-1.39) 0.770 1.37(1.04-1.79) 0.023 1.26(1.03-1.54) 0.028
Antiepileptic use

No 0.75(0.55-1.03) 0.750 1.15(0.98—-1.35) 0.091 1.11(0.98-1.25) 0.105

Yes 0.93(0.21-4.18) 0.930 1.21(0.61-2.40) 0.580 1.01(0.58-1.77) 0.974
Antidepressant use

No 0.73(0.52-1.03) 0.730 1.14(0.95-1.36) 0.168 1.1(0.96-1.26) 0.162

Yes 0.9(0.45-1.79) 0.900 1.21(0.86—1.68) 0.271 1.09(0.85—-1.40) 0.481
Antipsychotics use

No 0.74(0.54-1.01) 0.740 1.11(0.94-1.30) 0.227 1.07(0.94-1.20) 0.304

Yes 1.72(0.29-10.31) 1.720 2.29(1.14-4.61) 0.020 1.9(1.13-3.21) 0.016

(Continued)
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Table 4 (Continued).

Subgroup Acute Myocardial Stroke MACE
Infarction
HR (95% CI) p-value HR (95% CI) | p-value | HR (95% CI) | p-value

Hypnotics use

No 0.74(0.54-1.03) 0.740 1.11(0.94-1.31) 0.237 1.09(0.96—1.23) 0.200

Yes 0.93(0.34-2.56) 0.930 1.74(1.01-3.00) 0.048 1.24(0.83-1.85) 0.293
Corticosteroids use

No 0.81(0.59-1.12) 0.810 1.12(0.95-1.33) 0.185 1.11(0.98-1.26) 0.103

Yes 0.45(0.17-1.16) 0.450 1.35(0.86-2.11) 0.194 1.00(0.72—1.39) 0.999
NSAIDs use

No 0.51(0.26-1.03) 0.059 0.99(0.71-1.36) 0.933 0.92(0.72-1.17) 0.479

Yes 0.87(0.65-1.16) 0.338 1.15(0.99-1.35) 0.073 1.08(0.96—1.21) 0.202
Tramadol use

No 0.54(0.33-0.88) 0.013 1.04(0.83-1.31) 0.749 0.95(0.80-1.14) 0.596

Yes 0.97(0.70-1.34) 0.845 1.18(0.99-1.40) 0.072 1.11(0.98-1.27) 0.107

Notes: p-values are based on Cox proportional hazards models adjusted for baseline covariates.
Abbreviations: CCI, Chalson Comorbidity Index; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; HR, hazard
ratio; IR, incidence rate; MACE, major adverse cardiovascular events; NSAID, non-steroidal anti-inflammatory drug; PY, person-years.

in the codeine group among patients receiving NSAIDS or tramadol, and lower risks among those not receiving these
medications. On the other hand, the risk of femoral fracture was consistently lower with codeine, irrespective of age, sex,
comorbidities (including DM, osteoporosis, asthma, neurological disorders, osteoporosis and asthma), or concomitant
medication use (benzodiazepines, antiepileptics, antidepressants, hypnotics, NSAIDs and tramadol). However, the risks
of non-femoral fracture and death were substantially elevated in the codeine group receiving concomitant NSAIDs (HR
1.19, 95% CI 1.12-1.26 for non-femoral fracture and HR 1.19, 95% CI 1.06-1.33 for all-cause mortality) or tramadol
(HR 1.25, 95% CI 1.17-1.33 for non-femoral fracture, and HR 1.27, 95% CI 1.12-1.43 for all-cause mortality).

Sensitivity Analysis

Sensitivity analyses using IPTW generally supported the robustness of the primary findings (Table 6). Codeine use
remained associated with higher risk of composite psychiatric outcomes (HR 1.06, 95% CI 1.00—1.12), sleep disorders
(HR 1.12, 95% CI 1.01-1.24), and non-femoral fractures (HR 1.05, 95% CI 1.00-1.10). In contrast, codeine use was

Table 5 Subgroup Analysis on the Risks of Fracture and Death

Subgroup Fracture of Femur Non-Femoral Fracture Overall Fracture Death
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Age
20-39 0.19(0.04-0.87) 0.032 1.05(0.71-1.54) 0.807 0.97(0.67-1.41) 0.870 3.36(0.65-17.41) 0.148
40-64 0.51(0.36-0.71) 0.000 1.18(1.06—1.32) 0.004 1.09(0.98-1.21) 0.135 0.88(0.63-1.23) 0.447
65+ 0.81(0.69-0.95) 0.009 1.07(1-1.15) 0.066 1.04(0.97-1.12) 0.257 1.09(0.97-1.24) 0.152
Sex
Male 0.68(0.52-0.89) 0.005 1.12(1.00-1.26) 0.054 1.05(0.94-1.17) 0.403 1.13(0.95-1.34) 0.6l
Female 0.76(0.64-0.90) 0.001 L11(1.03-1.19) 0.006 1.07(1.00-1.14) 0.067 1.09(0.93-1.28) 0.274
(Continued)

https:

12

Drug Design, Development and Therapy 2026:20




Lee et al

Table 5 (Continued).

Subgroup Fracture of Femur Non-Femoral Fracture Overall Fracture Death
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

CcCl

0 0.84(0.52-1.34) 0.453 1.24(1.03—1.48) 0.023 1.16(0.98-1.38) 0.094 1.6(0.80-3.17) 0.182

| 0.79(0.55-1.14) 0212 1.19(1.03-1.38) 0016 1.13(0.99-1.30) 0.082 1.23(0.85-1.79) 0.270

2 0.9(0.65-1.26) 0.542 1.00(0.87—1.14) 0.969 1.00(0.88—1.14) 0.985 0.89(0.66-1.21) 0.466

3+ 0.65(0.54-0.78) 0.000 1.09(1.00-1.19) 0.053 1.02(0.94-1.11) 0.567 1.06(0.93—1.21) 0.391
Insurance Type

Health 0.74(0.64-0.87) 0.000 1.14(1.07-1.21) 0.000 1.09(1.02-1.16) 0.007 1.13(1.00-1.29) 0.054
insurance

Medical aid 0.71(0.49-1.04) 0.082 0.95(0.78-1.14) 0.553 0.89(0.75-1.06) 0.196 0.96(0.73-1.28) 0.793

Veterans’ 0(0-Inf) 0.999 0.79(0.13-4.72) 0.793 0.58(0.11-3.16) 0.526 1.2(0.30-4.79) 0.798
medical benefits
CVD

No 0.71(0.50-1.00) 0.052 1.2(1.04-1.39) 0.011 1.11(0.97-1.27) 0.136 1.28(0.88-1.86) 0.194

Yes 0.74(0.63-0.86) 0.000 1.08(1.01-1.16) 0.020 1.04(0.98-1.11) 0.190 1.06(0.94-1.2) 0.325
DM

No 0.8(0.66-0.96) 0.018 1.13(1.04-1.22) 0.003 1.09(1.01-1.17) 0.025 1.21(1.01-1.45) 0.039

Yes 0.67(0.54-0.84) 0.000 1.10(1.00-1.21) 0.064 1.03(0.94-1.13) 0.550 1.02(0.88-1.19) 0.755
CKD

No 0.74(0.64-0.85) 0.000 1.13(1.06—-1.20) 0.000 1.08(1.02-1.14) 0.013 1.07(0.95-1.22) 0.281

Yes 0.82(0.44-1.55) 0.540 0.84(0.62—1.14) 0.263 0.81(0.60-1.08) 0.147 1.39(1.05-1.85) 0.022
Neurological Disorders

No 0.75(0.65-0.88) 0.000 1.13(1.06-1.21) 0.000 1.08(1.02-1.15) 0.012 1.1(0.97-1.24) 0.152

Yes 0.65(0.43-0.99) 0.045 0.93(0.76-1.15) 0.506 0.91(0.75-1.11) 0.356 1.2(0.91-1.58) 0.204
Osteoporosis

No 0.74(0.61-0.88) 0.001 1.12(1.03-1.21) 0.008 1.04(0.96-1.12) 0.370 1.13(0.97-1.32) 0.119

Yes 0.64(0.56-0.73) <0.001 1.20(1.12-1.28) <0.001 1.08(1.02—-1.15) 0.015 1.17(1.02-1.35) 0.024
Asthma

No 0.67(0.59-0.75) <0.001 1.16(1.09-1.23) <0.001 1.06(1.00-1.12) 0.041 1.10(0.97-1.25) 0.129

Yes 0.60(0.48-0.76) <0.001 1.01(0.91-1.13) 0.812 0.92(0.83-1.02) 0.131 1.09(0.91-1.32) 0.336
Benzodiazepine use

No 0.73(0.61-0.87) 0.001 1.11(1.03-1.20) 0.004 1.06(0.99-1.14) 0.092 1.16(1-1.35) 0.045

Yes 0.74(0.59-0.94) 0.015 1.11(0.99-1.24) 0.068 1.06(0.96—-1.18) 0.274 1(0.83-1.20) 0.987
Antiepileptics use

No 0.76(0.66-0.88) 0.000 1.12(1.05-1.19) 0.001 1.07(1.01-1.13) 0.032 1.10(0.98-1.24) 0.104

Yes 0.29(0.11-0.77) 0.013 1.15(0.79-1.68) 0.462 1.05(0.73-1.50) 08l1 1.33(0.78-2.29) 0.296
Antidepressant use

No 0.75(0.64-0.88) 0.000 1.12(1.05-1.20) 0.001 1.07(1.00-1.14) 0.050 1.14(1.00-1.30) 0.057

Yes 0.72(0.52-0.99) 0.041 1.12(0.97-1.28) 0.117 1.07(0.94-1.22) 0.302 1.03(0.82-1.29) 0.812
Antipsychotics use

No 0.73(0.63-0.84) 0.000 1.12(1.05-1.19) 0.001 1.06(1.00-1.13) 0.041 1.10(0.98-1.24) 0.123

Yes 1.07(0.59-1.96) 0.824 1.13(0.84-1.52) 0414 1.14(0.87-1.51) 0.348 1.27(0.87-1.86) 0.207

(Continued)
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Table 5 (Continued).

Subgroup Fracture of Femur Non-Femoral Fracture Overall Fracture Death

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Hypnotics use

No 0.75(0.65-0.88) 0.000 1.14(1.07-1.21) 0.000 1.09(1.03-1.16) 0.005 1.10(0.97-1.24) 0.142
Yes 0.65(0.42-1.00) 0.049 0.89(0.72-1.10) 0291 0.83(0.68-1.01) 0.059 1.19(0.84-1.68) 0325

Corticosteroid use

No 0.72(0.62-0.84) 0.000 1.13(1.05-1.2) 0.000 1.07(1.01-1.14) 0.029 1.09(0.96—1.24) 0.206

Yes 0.86(0.59-1.26) 0.440 1.06(0.90-1.24) 0.498 1.02(0.87-1.18) 0.835 1.17(0.91-1.51) 0.224
NSAIDs use

No 0.44(0.34-0.57) <0.001 0.88(0.78-1.01) 0.062 0.75(0.67-0.85) <0.001 0.97(0.79-1.20) 0.794

Yes 0.72(0.64-0.81) <0.001 1.19(1.12-1.26) <0.001 L11(1.05-1.17) <0.001 1.19(1.06-1.33) 0.004

Tramadol use

No 0.68(0.59-0.77) <0.001 0.97(0.89-1.06) 0557 0.90(0.83-0.98) 0019 0.93(0.77-1.13) 0479
Yes 0.64(0.53-0.77) <0.001 1.25(1.17-1.33) <0.001 1.13(1.07-1.20) <0.001 1.27(1.12-1.43) <0.001

Notes: p-values are based on Cox proportional hazards models adjusted for baseline covariates.
Abbreviations: CCl, Chalson Comorbidity Index; Cl, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; HR, hazard
ratio; IR, incidence rate; NSAID, non-steroidal anti-inflammatory drug; PY, person-years.

Table 6 IPTW-Weighted Analysis of Outcomes in Codeine
vs Oxycodone Users

Adjusted
Outcome HR (95% Cl) | P-value
Composite Psychiatric Outcome | 1.06(1.00-1.12) 0.045
Anxiety 1.06(0.98—-1.16) 0.159
Bipolar disorder 1.02(0.79-1.31) 0.887
Depression 1.04(0.96-1.13) 0.365
Sleep Disorder 1.12(1.01-1.24) 0.033
Schizophrenia 1.25(0.74-2.11) 0.402
MACE 1.03(0.94-1.13) 0.513
Acute Myocardial Infarction 0.78(0.63-0.97) 0.026
Stroke 1.09(0.97-1.23) 0.153
Cardiovascular death/Arrest 0.94(0.69-1.29) 0.718
Heart Failure hospitalization 1.07(0.90-1.28) 0.417
Fracture 0.95(0.91-1.00) 0.029
Fracture of Femur 0.61(0.55-0.66) 0.000
Non-femoral Fracture 1.05(1.00-1.10) 0.041
Death 1.03(0.95-1.13) 0.483

Abbreviation: MACE, major adverse cardiovascular events.

associated with a lower risk of femoral fracture (HR 0.61, 95% CI 0.55-0.66) and AMI (HR 0.78, 95% CI 0.63-0.97).
Drug-duration interaction analyses showed no significant effect modification for most psychiatric and cardiovascular
outcomes (Table 7). A significant interaction was observed for acute myocardial infarction (interaction HR 1.93, 95% CI
1.02-3.67), indicating that the comparative association between codeine and oxycodone varied by duration of use.
Significant interactions were also identified for overall fracture (interaction HR 0.85, 95% CI 0.76—0.94) and non-femoral
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Table 7 Drug-Duration Interaction Analysis of Outcomes
in Codeine vs Oxycodone Users

Adjusted
Outcome HR (95% CI) | P-value
Composite Psychiatric Outcome | 1.07(0.93-1.23) 0.368
Anxiety 1.14(0.92—1.40) 0.231
Bipolar disorder 0.91(0.61-1.63) 0.746
Depression 1.07(0.88-1.31) 0.496
Sleep Disorder 1.10(0.86—1.41) 0.447
Schizophrenia 1.88(0.52-6.73) 0.334
MACE 1.24(0.99-1.56) 0.061
Acute Myocardial Infarction 1.93(1.02-3.67) 0.044
Stroke 1.32(0.97-1.79) 0.078
Cardiovascular death/Arrest 1.16(0.53-2.50) 0.714
Heart Failure hospitalization 1.08(0.70-1.65) 0.736
Fracture 0.85(0.76-0.94) 0.002
Fracture of Femur 0.90(0.71-1.13) 0.359
Non-femoral Fracture 0.89(0.80-0.99) 0.036
Death 1.12(0.90-1.39) 0.313

Notes: Hazard ratios were estimated using Cox proportional hazards
models including an interaction term between drug type (codeine—oxyco-
done [reference]) and duration of use (230—-<30 days).

Abbreviation: MACE, major Adverse cardiovascular events.

fracture (interaction HR 0.89, 95% CI 0.80-0.99), whereas no interaction was observed for femoral fracture or all-cause
mortality.

Discussion

This nationwide cohort of patients with hip OA revealed clinically meaningful differences in the safety profiles of
oxycodone and codeine. Codeine use was consistently associated with a higher risk of psychiatric disorders, particularly
anxiety and sleep disorders. Overall risks of MACE and all-cause mortality were comparable between codeine and
oxycodone. However, fracture outcomes demonstrated heterogeneous patterns between the two opioids. Specifically,
codeine was associated with a substantially lower risk of femoral fracture, yet a higher risk of non-femoral fractures
across most subgroups.

These findings have important clinical implications for opioid prescribing practice in patients with hip OA. Although
codeine is generally considered a weak opioid and is often recommended before initiating strong opioids such as
oxycodone, our results highlight that its safety profile is not uniformly more favorable across all outcomes. While the
precise mechanisms underlying these findings remain unclear, several potential explanations can be proposed. Unlike
oxycodone, codeine is a prodrug that requires CYP2D6-mediated metabolism to be converted to morphine, and genetic
variability in CYP2D6 activity can result in unpredictable analgesic efficacy and heterogeneous opioid exposure in the
central nervous system (CNS).?’ Notably, East Asians frequently carry CYP2D6*10 allele, which is associated with
reduced enzymatic activity and slower metabolism of codeine to morphine, leading to lower morphine concentrations and
suboptimal analgesic responses in many patients.’>?' Such interindividual variability in analgesic response may exacer-
bate pain and pain-related distress and increase vulnerability to psychiatric outcomes, including anxiety and sleep
disorders.”> However, considering the observational nature of this study and absence of individual-level CYP2D6
genotyping data, these pharmacogenetic and mechanistic considerations should be interpreted as biologically plausible
associations rather than causal explanations. Hence, future studies incorporating genetic profiling and pharmacokinetic
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assessments are warranted to further elucidate the mechanism underlying the observed psychiatric risks associated with
codeine use.

Additionally, codeine can induce non-IgE-mediated mast cell degranulation, leading to the release of mediators such
as histamine that may produce pseudoallergic symptoms.>*> Moreover, elevated histamine levels can promote wakefulness
and neuroinflammation, and may consequently contribute to psychiatric disorders, including sleep disorders.?**’
Furthermore, opioid-induced modulation of multiple neurotransmitter systems, including dopaminergic and serotonergic
pathways, may disrupt the regulation of mood, reward, and anxiety.>® Nonetheless, it is critical to acknowledge that the
increased psychiatric risks with codeine use were more pronounced among patients without preexisting CVD, CKD,
osteoporosis, or neurological disorders, as well as in those without concomitant use of CNS-active medications such as
benzodiazepines, antiepileptic, antipsychotics, corticosteroids, and hypnotics. This consistently elevated risk of psychia-
tric disorders with codeine, particularly anxiety and sleep disorders, emphasizes the importance of cautious psychiatric
screening and monitoring when initiating opioid therapy, especially in patients vulnerable to anxiety or sleep distur-
bances. Further studies are warranted to clarify the underlying biological mechanisms including potential gene-drug
interactions that may contribute to long-term psychiatric outcomes. Furthermore, a potential link between metabolic
disorders and psychiatric outcomes should be considered, as the risk of composite psychiatric disorders and anxiety
disorders was higher among patients without history of cardiovascular disease, DM CKD or neurological disorders.

The risk of MACE and mortality were comparable between codeine and oxycodone users. Chronic opioid use has
been associated with increased risk of myocardial infarction, stroke, arrhythmias, and sudden cardiac death, potentially
mediated through mechanisms involving opioid-induced respiratory depression, hypoxemia, endothelial dysfunction and
enhanced platelet activation.'""'**” However, our study results did not demonstrate significant differences in the MACE
risk between codeine and oxycodone, suggesting that the two opioids may confer broadly similar cardiovascular risk
profiles in patients with hip OA under routine clinical use. With respect to AMI, codeine use was associated with a lower
risk of AMI in the IPTW sensitivity analysis, whereas the primary adjusted Cox model did not show a consistent
protective association. In addition, drug-duration interaction analysis revealed a significant interaction for AMI, indicat-
ing that the comparative association between codeine and oxycodone varied according to duration of use rather than
reflecting a uniform main effect. Therefore, these findings suggest that the observed AMI associations are likely
influenced by residual confounding, treatment duration, or underlying cardiovascular risk profiles, rather than a direct
drug-specific effect, and should therefore be interpreted with caution Nonetheless, subgroup analyses revealed that
codeine was associated with an elevated risk of MACE in patients with underlying CKD or neurological disorders, and
when used concomitantly with CNS-active drugs such as benzodiazepines and antipsychotics. These findings highlight
the importance of considering comorbidity profiles and potential drug-drug interactions when initiating opioid therapy.
Moreover, cautious interpretation is required, as more than 75% of included patients had some form of preexisting
cardiovascular events, including hypertension, dyslipidemia, heart failure, and myocardial infarction. Therefore, further
controlled studies are warranted to investigate comparative cardiovascular safety in populations with fewer baseline
comorbidities to determine the independent effect of opioid exposure from underlying cardiovascular risk.

This study revealed a divergent pattern in risk of fracture between codeine and oxycodone users. Codeine use was
consistently associated with a lower risk of femoral fractures and a higher risk of non-femoral fractures across multiple
analyses, including subgroup and sensitivity analyses. Opioids have been associated with reduced BMD through
suppression of sex hormones and direct effects on bone remodeling.'> In addition, opioid-related sedation, impaired
balance, dizziness, and orthostatic hypotension further increase the likelihood of fall-related fractures.'* Importantly,
duration-stratified and drug-duration interaction analyses indicated that the comparative fracture risk between codeine
and oxycodone differed according to duration of opioid exposure, rather than demonstrating a uniform effect across
exposure periods. Although the precise mechanisms underlying this divergent pattern remain unknown, previous studies
have reported that patients with hip OA were more likely to experience trochanteric fractures than femoral neck fractures,
and that increasing OA severity has been associated with a greater prevalence of extracapsular rather than intracapsular
fractures. In contrast, individuals without hip OA more frequently experience femoral neck fractures, which represent
a more severe clinical form.? Importantly, however, due to the limitations inherent to administrative claims data, the
present study could not distinguish intracapsular from extracapsular fracture subtypes or capture fall mechanism.

16 https: Drug Design, Development and Therapy 2026:20



Lee et al

Therefore, these observations should be interpreted with caution. These findings raise the possibility that hip OA-related
factors, such as disease severity, altered joint biomechanics, reduced mobility, or differential fall patterns, may partially
contribute to the observed lower risk of femoral fractures among codeine users, rather than indicating a direct protective
effect of the drug itself. Conversely, the elevated risk of non-femoral fractures with codeine may reflect residual
vulnerability related to opioid-induced falls, altered fall dynamics, or differences in skeletal fragility at non-hip sites.
Therefore, further studies incorporating more granular fracture site classifications, fall-related clinical data, and refined
assessment of exposure duration are warranted to clarify the underlying pathological and pharmacological mechanisms
and to inform strategies for mitigating skeletal complications in patients with hip OA.

The interpretation of our findings should be considered in the context of contemporary opioid prescribing principles.
Although the 2018 World Health Organization (WHO) analgesic ladder was originally developed for cancer pain and
focuses primarily on pain control, more recent guidance emphasizes balancing analgesic efficacy, safety, and regular
reassessment.””® While codeine has traditionally been classified as a “weak” opioid, this binary classification may be
misleading, as inadequate analgesic efficacy can paradoxically increase harm by prolonging pain exposure and prompting
treatment escalation or overlapping analgesic regimens.>*° Inadequate pain control with codeine may therefore exacer-
bate pain-related distress and psychiatric vulnerability, particularly anxiety and sleep disorders.>' In contrast, appro-
priately selected and dosed higher-potency opioids, such as oxycodone, when combined with non-opioid analgesics, may
provide more stable analgesia with lower escalation pressure.””*° From this perspective, our subgroup analyses showed
that psychiatric and fracture risks associated with codeine were more pronounced among patients receiving concomitant
NSAIDs or tramadol, suggesting that stepwise or combination analgesic strategies may reflect refractory pain states
rather than improved safety. Accordingly, a rigid “weak-first” opioid strategy may not be optimal for all patients with hip
osteoarthritis. Instead, individualized opioid selection that integrates analgesic potency, concomitant non-opioid therapy,
psychiatric vulnerability, and comorbidity burden may help minimize unnecessary dose escalation and overlapping
opioid exposure, thereby potentially contributing to overdose risk mitigation. However, given the observational nature
of this study, these interpretations should be made cautiously and should not be construed as causal inferences. Future
prospective studies are warranted to evaluate whether efficacy-driven opioid selection and structured reassessment
strategies can reduce adverse outcomes, including overdose and long-term psychiatric complications.

Strength and Limitation

To the best of our knowledge, this study represents one of the largest nationwide population-based study to longitudinally
and directly compare the risks of psychiatric disorders, MACE, and fractures between codeine and oxycodone in patients
with hip OA. The large sample size, extended follow-up period, and rigorous methodological approaches, including PSM
and IPTW, strengthen the validity of our findings. Additionally, stratified subgroup analyses allowed us to differentiate
risks according to patient-, disease-, and treatment-specific characteristics, providing clinically valuable insights for
opioid prescribing. Nonetheless, several limitations should be acknowledged. First, as this was an observational study,
residual confounding cannot be completely excluded despite extensive covariate adjustment and matching strategies.
Important unmeasured confounding variables, including pain severity and intensity, functional limitation, and osteoar-
thritis stage, were not available, all of which may influence both opioid selection and the outcome measured. Second,
outcomes definitions relied on diagnostic codes, and information on lifestyle factors such as smoking, alcohol use, and
physical activity, as well as laboratory data, was not available in claims data. In addition, opioid dose-related information,
including morphine milligram equivalents (MME), treatment adherence, and time-varying patterns of opioid exposure,
could not be assessed. Moreover, over-the-counter use of NSAIDs was also unavailable and therefore could not be
accounted for in the analysis. Third, only psychiatric disorders were screened prior to the index date, as excluding
patients with histories related to secondary outcomes would have substantially reduced the sample size. Fourth, patients
aged >85 years were excluded from the analysis to reduce potential bias related to extreme age, including pronounced
heterogeneity in health status, frailty, multimorbidity, polypharmacy, and competing risks such as non-opioid-related
mortality, which could complicate the interpretation of comparative safety outcomes. While this approach improved
internal validity, it may limit the generalizability of our findings to the very old population, and caution is warranted
when extrapolating these results to patients aged >85 years. Finally, residual imbalance in certain comorbidities,
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including osteoporosis and asthma, as well as concomitant tramadol use, persisted between groups even after propensity
score matching, which may have influenced outcomes given tramadol’s CNS activity and analgesic properties. However,
osteoporosis, asthma, and concomitant tramadol use were all adjusted for in the multivariable Cox regression models, and
their potential effect modification was further examined through stratified subgroup analyses. Importantly, IPTW
sensitivity analyses yielded results consistent with the primary findings, suggesting that the influence of these residual
imbalances on the overall conclusions was likely limited; nevertheless, cautious interpretation remains warranted. Further
studies are warranted to extend and refine the findings of this study, incorporating pain severity, functional status, frailty
indices, and laboratory measurements, to better account for disease severity and patient vulnerability. Moreover,
investigations focusing on very old populations (aged >85 years) are particularly important to address safety concerns
in this high-risk group. Further studies are warranted to refine these findings by incorporating more clinical data,
including pain severity, functional status, frailty indices, osteoarthritis staging, and laboratory measurements, to better
address disease severity and patient vulnerability. Future research should also integrate opioid dose metrics, treatment
duration and adherence, pharmacogenetic modifiers (eg, CYP2D6 polymorphisms), and pathological factors related to
fall dynamics and fracture site distribution. In addition, investigations focusing on very old populations (aged >85 years)
and on interactions between opioids and concomitant CNS-active medications are essential to improve individualized
opioid prescribing strategies and safety.

Conclusion

This study revealed clinically meaningful differences in the safety profiles of codeine and oxycodone. Codeine use was
consistently associated with a higher risk of psychiatric disorders, particularly anxiety and sleep disorders, while the risks
of MACE and death were comparable between the two opioids. Fracture outcomes demonstrated divergent patterns, with
codeine use associated with a lower risk of femoral fractures but a higher risk of non-femoral fractures. Importantly, these
findings challenge the conventional assumption that codeine, as a “weak™ opioid, represents a uniformly safer initial
analgesic option. Conversely, oxycodone demonstrated a comparatively lower observed risk of psychiatric outcomes,
particularly among patients with psychiatric vulnerability. This study emphasizes the importance of individualized opioid
prescribing strategies that account for mental health risk, comorbidity profiles, and fracture risk, rather than relying solely
on opioid potency classification. In this context, pharmacogenetic factors, including variability in CYP2D6 activity, may
represent an important consideration for future individualized opioid selection strategies. In addition, further controlled
studies integrating detailed measures of pain severity, functional status, frailty, opioid dose and duration, as well as
pharmacogenetic and drug-drug interaction data, are needed to understand disease-related factors from drug-specific
effects and to optimize long-term opioid safety in diverse patient populations.
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