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Objective: Duloxetine, an antidepressant commonly used as a nonopioid analgesic for chronic pain management, has been speculated
to increase cardiovascular (CV) complications. This study aims to evaluate the CV and mortality risks associated with duloxetine
compared to gabapentin in patients with hip osteoarthritis (OA).

Methods: In this population-based, retrospective cohort study using Korean health insurance data (2013-2022), we evaluated the
cardiovascular risk of duloxetine versus gabapentin in patients with hip osteoarthritis, applying inverse probability of treatment
weighting (IPTW) with adjustment methods, with outcomes included composite cardiovascular events, major cardiovascular events
(MACE), stroke, heart failure, and acute myocardial infarction (AMI).

Results: A total of 3383 and 18,874 patients were included in the duloxetine and gabapentin groups, respectively, with a mean follow-
up of 4.1 years. The composite outcomes risk was higher with duloxetine than with gabapentin (HR 1.10; 95% CI, 1.03-1.17).
Duloxetine was associated with increased risk of MACE (HR 1.15; 95% CI, 1.06-1.27), hemorrhagic stroke (HR 1.52; 95% CI,
1.23-1.86), and heart failure (HR 1.19; 95% CI, 1.05-1.34), whereas a lower risk was observed for AMI (HR 0.65, 95% CI,
0.52-0.82). In our subgroup analysis of patients with no baseline cardiovascular diseases (CVDs), duloxetine users had a higher
likelihood of experiencing composite outcomes (HR 1.29), MACE (1.41), hemorrhagic stroke (HR 1.79), ischemic stroke (HR 1.18),
and heart failure (HR 1.44) compared to gabapentin users.

Conclusion: Duloxetine was generally associated with increased CV risks, while a lower risk of AMI and no significant increase in
mortality were observed compared to gabapentin. Our subgroup analysis further suggests that when potential confounding from
preexisting CVDs was minimized, duloxetine was associated with incident CV complications in patients without prior CVDs.
Keywords: duloxetine, cardiovascular risk, osteoarthritis pain management, nonopioid analgesic

Introduction

Degenerative osteoarthritis (OA) is the most common age-related joint disorder, characterized by cartilage degradation,
bone shape changes, and inflammation’ It primarily causes pain and stiffness, significantly impacting mobility, mood,
and quality of life, particularly in older population and women.> Studies have demonstrated that OA patients are also at
high risk for cardiovascular (CV) adverse outcomes, as the severity of disability and the duration of hip and knee OA are
strongly associated with an increased risk of CV events and mortality.* Another significant challenge for OA patients is
physical disability, primarily caused by chronic pain. OA-related pain is multifactorial, arising from both intra- and extra-
articular factors, as well as sensitization of the central and peripheral nervous systems.’ These mechanisms contribute to
functional impairment and depressive mood, imposing a substantial burden on healthcare systems.>®’ Current manage-
ment strategies for OA pain primarily rely on nonsteroidal anti-inflammatory drugs (NSAIDs), while opioids are used in
limited circumstances.® However, their use in OA patients, especially elderly patient populations, is often limited due to
significant side effects. NSAIDs, for instance, are linked to CV risks as well as gastrointestinal and renal complications,’
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while opioids carry a high potential for addiction.®'® These concerns underscore the need for safer analgesic alternatives,
particularly for elderly patients at high risk of CV complications.'""'? Recent clinical guidelines recommend duloxetine
as a potential pharmacologic option for OA pain, whereas gabapentin is not routinely recommended and is generally
prescribed off-label.® Although duloxetine has been compared with NSAIDs and opioids for analgesic effectiveness in
OA, its cardiovascular safety has not been well characterized, and evidence on gabapentin is even more limited.

Duloxetine, a serotonin-norepinephrine reuptake inhibitor (SNRI), is one of the most commonly prescribed nonopioid
analgesics for managing chronic musculoskeletal pain, fibromyalgia, and diabetic peripheral neuropathy and has emerged
as an off-label option for targeting stress urinary incontinence and chemotherapy-induced peripheral neuropathy.'?
Despite its therapeutic potential, the safety profile of duloxetine remains underexplored, particularly in OA patients
with chronic pain. While its dual mechanism, targeting serotonergic and adrenergic pathways, may help address both
peripheral and central sensitization in the pathophysiology of OA pain, it also introduces unique CV and bleeding
risks.'>'*!> On one hand, duloxetine’s serotonergic activity enhances serotonin reuptake inhibition, potentially providing
antiplatelet effects that may reduce the risk of ischemic events, such as stroke and acute myocardial infarction (AMI).'!”
However, this same activity has also been linked to an increased risk of hemorrhagic events, including intracranial and
gastrointestinal hemorrhage, possibly due to reduced platelet aggregation resulting from the inhibition of serotonin
uptake in platelets.'®'® Additionally, its adrenergic effects, stemming from norepinephrine reuptake inhibition, may
increase sympathetic nervous system activity, leading to elevated blood pressure and heart rate, further exacerbating CV
risks.'®**2! Given the current focus on nonopioid therapies for chronic pain management, it is essential to evaluate the
CV risks of duloxetine in OA patients across all adult age groups, particularly those with multiple comorbid conditions
who are more vulnerable to CV complications.'’**** We therefore investigated the potential association between
duloxetine use and major cardiovascular outcomes in patients with hip OA.

Gabapentin, an anticonvulsant, is another widely used nonopioid off-label medication for OA pain. Unlike duloxetine,
which modulates central pain pathways, gabapentin primarily targets peripheral pain sensitization.?* 2’ This distinction
suggests that gabapentin may have a lower likelihood of contributing to CV or bleeding risks compared to duloxetine.
However, the effects of gabapentin on CV outcomes in OA patients remain insufficiently studied.”® Given the pharma-
cologic differences between duloxetine and gabapentin, their respective safety profiles may differ, especially in OA
patients with multiple comorbid conditions who are at elevated risk for CV and bleeding complications.'”**

Although previous studies have reported potential bleeding risks and suggested that duloxetine may influence
hemodynamic parameters and increase CV risks,”® whether this translates into an increased risk of major CV events,
such as AMI, stroke, or mortality, in OA patients with multiple comorbid conditions has not been fully elucidated. The
contrasting pharmacologic profiles of duloxetine and gabapentin highlight the need for a comparative risk analysis to
evaluate their CV safety in OA patients. Gabapentin’s relatively mild CV safety profile makes it a relevant comparator
for evaluating the CV risks of duloxetine.” In this study, we specifically included patients with hip OA, as their pain is
often more intense than that of knee OA, leading to greater analgesic use. Additionally, nonopioid treatment options for
hip OA are more limited, as topical NSAIDs and joint injections are used less frequently for hip OA.*° This study aims to
assess the major CV outcomes and mortality risks associated with duloxetine compared to gabapentin, providing evidence
to support safe analgesic strategies that address the specific needs of hip OA patients with multiple comorbid conditions.

Methods

Data Source

Patient data were extracted from the Korean Health Insurance Review and Assessment Service (HIRA) database which
contains claims data for the nearly entire South Korean population of approximately 50 million beneficiaries.*'** HIRA
datasets cover all outpatient and inpatient visits, patients’ demographic details, healthcare institution types, medical
procedures and services, diagnoses, and medical utilization information, such as admission dates, length of hospitaliza-
tion, medical specialty, and prescription records. Diagnoses are coded according to the Korean Standard Classification of
Disease Sixth Revision, an adapted version of the International Classification of Disease Tenth Revision (ICD-10). The
comprehensive datasets, generated under the national health insurance schemes, serves as a valuable resource for
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healthcare research.*® The protocol of this study was approved by the Institutional Review Board (IRB) of Kyung Hee
University (KHSIRB-23-272-1(EA)) and Ajou University (202502-HB-EX-002). Due to the retrospective nature of the
study, the IRB waived the requirement for informed consent. Additional ethics approval was not required, as HIRA
granted authorization to analyze anonymized patient data for research purposes.

Study Design and Cohort

This nationwide population-based cohort study included adult patients with hip OA in Korea from January 2013 to
December 2022. Patients were identified for the initial study cohort if they had been diagnosed with hip OA (ICD-10 code,
M16) between January 2014 and December 2017 and had received duloxetine or gabapentin for OA pain management.
The year 2013 served as the reference period for assessing baseline characteristics of patients recruited in 2014. Patients with
psychiatric disorders at baseline were excluded to ensure that study medications were used primarily for analgesic purposes
and to minimize potential confounding from individuals taking duloxetine for other indications, such as major depressive
disorder and generalized anxiety disorder.* The index date for study entry was defined as the date of the first use of study
medication in each patient, and patients were followed until an outcome event, death, or study end. To include only patients
newly initiated on either duloxetine or gabapentin during the study period, those who had prior exposure to either medication
during the baseline period or concurrent use of both during the study period were excluded. Additional exclusion criteria
included: (1) individuals younger than 20 years or older than 85 years at the time of study entry; (2) those with end-stage renal
disease or a history of renal transplantation before study entry or within 180 days post the index date; (3) a history of metastatic
cancer before study entry or within 180 days after the index date. Comedication with other analgesics and treatments for
comorbid conditions, such as diabetes and CV disease (CVD) at baseline, were permitted. An overview of the cohort selection
process is presented in Figure S1 in the supplementary material.

Study Outcomes

The primary outcome was the incidence and risk of composite outcomes, which include all-cause death, cardiac death,
new-onset AMI, stroke (both ischemic and hemorrhagic), arrhythmia, and heart failure. The secondary endpoints
included the individual outcomes that comprised the composite primary outcomes. All-cause deaths were identified
using ICD-10 codes 146.1, R96, R98, and R99, which encompass sudden cardiac arrest, instant death, and unspecified
causes of mortality in claims data during the follow-up period. Major adverse cardiovascular events (MACE) were
defined as a composite of cardiac death (146.1), AMI (I121-22), and stroke (160-64), including both ischemic stroke (163)
and hemorrhagic stroke (160-62),>** identified through hospital encounters with an outcome event diagnosis. For both
AMI and stroke, only those events recorded as the primary diagnosis during hospitalization were included in the study
analysis. Arrhythmia was identified using ICD-10 codes 148 and 149, while heart failure was identified using ICD-10
code 150°® The outcome definitions and diagnostic codes used in this study were based on methodologies employed in
previous research.>”*® The outcome date was determined as the earliest date a patient experienced a given outcome
event. All patients were followed up from the cohort entry date, defined as the date of the first prescription for duloxetine
or gabapentin after a hip OA diagnosis, until the occurrence of a CV outcome event, death, or the end of the study period
(December 31, 2022), whichever came first. This allowed for a maximum follow-up period of nine years.

Covariates

The baseline period was defined as the 12 months preceding the index date, during which patient demographics and
baseline characteristics, including sex, age, and diagnosis data related to comorbidities, were identified. Patient cohorts
were further categorized into four age groups: 20—44 years, 45-64 years, and 65-84 years. Preexisting comorbidities,
such as diabetes mellitus (DM), DM with complications, cancer, renal disease, and CVDs, at study entry were identified
using ICD-10 codes and incorporated into the analysis as baseline variables. CVDs include hypertension, ischemic heart
disease, and other heart conditions, such as pericarditis, myocarditis, and related disorders. The Charlson Comorbidity
Index (CCI) was calculated for the year prior to the index date.*” Prescription data on treatments for comorbid conditions
during the study period were also extracted and assessed as comedications if the respective therapy lasted for more than
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30 days. The comedications considered included angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor
blockers (ARBs), B-blockers, calcium channel blockers (CCBs), nitrates, statins, anticoagulants, and antiplatelets.

Statistical Analysis

To assess the risk of CV outcomes and mortality associated with duloxetine compared to gabapentin, inverse probability
of treatment weighting (IPTW) based on propensity scores was employed to balance baseline characteristics between
treatment groups. Propensity scores, which represent the conditional probability of being assigned to either duloxetine or
gabapentin based on observed baseline covariates, were calculated using a binary logistic regression model.*’
(Rosenbaum & Rubin, 1983) By applying IPTW, we created a pseudo-population in which the covariate distribution
was balanced between the treatment groups, allowing for a more accurate estimation of the average treatment effect in
the population.*! Covariate balance was assessed using standardized mean differences (SMDs), with values below 0.1
indicating adequate balance after weighting.** A weighted Cox proportional hazards model was used to estimate hazard
ratios (HRs) and 95% confidence intervals (CIs) for CV outcomes and mortality risks. The risk analysis based on the
weighted model was further adjusted for relevant covariates, including age, sex, CCI, baseline DM and CVD, and the use
of ACE inhibitors/ARBs, statins, and antiplatelets. These analyses were conducted over the entire follow-up period and
within a predefined mid-term interval of up to 2 years to examine time-dependent variations in risk. The risk analysis for
composite outcomes was then stratified by baseline covariates, including age, sex, CCI, comorbidities and comedication
patterns with CV drugs, to account for the varying effects of study medications across different patient factors. We
additionally examined the proportional hazards assumption using Schoenfeld residuals, visualized group differences with
Kaplan—Meier curves for the composite outcome, and tested a negative control outcome (appendicitis; ICD-10 K35, K36,
K37) with no plausible association with either duloxetine or gabapentin.** The p-values were two-sided, with statistical
significance defined as p <0.05. Statistical analyses were performed using R Statistical Software (version 4.1.0; R Core
Team, Vienna, Austria) and SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Subgroup analysis

A subgroup analysis of non-CVD patients was conducted by excluding those with baseline CV conditions, such as
hypertension, ischemic heart disease, and other aforementioned heart conditions, using the IPTW with adjustment
methods. This analysis was designed to further assess the effects of duloxetine versus gabapentin on CV and mortality

outcomes while minimizing potential confounding from preexisting CV conditions.***>

Sensitivity Analysis

To further validate our study findings, we conducted sensitivity analyses utilizing three approaches. First, risk analysis
using the IPTW with adjustment methods was repeated, varying the follow-up periods: up to 1 year, up to 2 years, and
the entire follow-up period. Second, we performed a lagged exposure analysis, excluding outcome events occurring
within 30, 90, 150, or 180 days after treatment initiation to reduce potential protopathic bias. Lastly, a separate risk
analysis was conducted after propensity score matching (PSM) with adjustment, using nearest-neighbor matching with
a caliper of 0.2 and a 1:3 matching ratio between groups.

Results

Characteristics of Study Patients

Of the 487,994 patients diagnosed with hip OA who received either duloxetine or gabapentin between 2014 and 2017,
465,737 were excluded for reasons specified in Figure 1. Consequently, a total of 22,257 patients (3383 in the duloxetine
group and 18,874 in the gabapentin group) were deemed eligible for study entry. Baseline characteristics of the study
patients, both before and after IPTW, were summarized side by side in Table 1. In both treatment groups, female patients
outnumbered male patients (61.2% vs 62.3% in the duloxetine and gabapentin groups, respectively). The age distribution
was similar between groups, with patients aged 45—-64 years accounting for approximately 57% of the study patients,
followed by those aged 65-84 years, who made up about 38%. The mean CCI was 2.3+1.9 in the duloxetine group and
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Patients diagnosed with hip osteoarthritis Excluded (n=465,737)
between January 2014 and December 2017 '
(n=487,994) « Patients with no history of duloxetine or gabapentin

use or less than 30 days of use (n=384,936)

< Patients with concurrent use of both medications

New users of duloxetine or gabapentin (n=43,565)
(n=22,257) -+ Patients aged under 20 years (n=4) or over 85
| | I years (n=2,182)
Duloxetine users Gabapentin users « Patients exposed to duloxetine or gabapentin
(n=3,383) ("=1T874) during the baseline period (n= 12,012)
| « Patients with a psychiatric disorder (n=21,306)
Inverse probability of treatment-weighted cohorts +  Patients with metastatic cancer (n= 37)
(n=43,654) «  Patients with previous MACE (n= 1,695)
l 1 « Patients with end-stage renal disease or a history of
IPT-weighted duloxetine IPT-weighted gabapentin

renal transplant (n=0)

users (n=21,821) users (n=21,833)

Figure | Flow chart of the process of selecting study patients.
Abbreviations: IPT, inverse probability of treatment; MACE, major adverse cardiovascular event.

2.4+2.1 in the gabapentin group, and the largest proportion of patients had a CCI score of >3 (36.9% vs 39.6%). Overall,

the between-group distribution of comorbid conditions was comparable. CVD was the most prevalent preexisting
condition (55.9% versus 57.2%), with hypertension being the most common CV condition (52.9% vs 54.2%). DM

Table | Baseline Characteristics of Study Patients (Duloxetine Vs Gabapentin)

Overall Cohort Weighted Cohort
Duloxetine Gabapentin SMD Duloxetine Gabapentin SMD
(n=3383) (n=18874) (n=21821) (n=21833)

Sex, n (%)

Male 1313 (38.8) 7123 (37.7) 0.022 8203 (37.6) 8230 (37.7) 0.002
Female 2070 (61.2) 11751 (62.3) 13618 (62.4) 13603 (62.3)

Age, mean+SD 63.2%11.5 63.7x11.2 0.047 63.2x11.5 63.6x11.3 0.037
20-44 years, n (%) 170 (5.0) 807 (4.3) 0.037 1051 (4.8) 958 (4.4) 0.026
49-64 years, n (%) 1910 (56.5) 10841 (57.4) 12218 (56.0) 12450 (57.0)

65-84 years, n (%) 1303 (38.5) 7226 (38.3) 8552 (39.2) 8426 (38.6)

CCI, mean+SD 2.3%1.9 2421 0.065 2.3%1.9 2421 0.037
< 1,n (%) 1405 (41.5) 7473 (39.6) 0.067 5443 (24.9) 5082 (23.3) 0.052
2, n (%) 728 (21.5) 3935 (20.8) 4745 (21.7) 4602 (21.1)

23, n (%) 1250 (36.9) 7466 (39.6) 8207 (37.6) 8432 (38.6)

Comorbidity, n (%)

DM 1025 (30.3) 6282 (33.3) 0.064 7109 (32.6) 7102 (32.5) 0.001
DM with complications 311 (9.2) 2189 (11.6) 0.079 2128 (9.8) 2440 (11.2) 0.047
Cancer 303 (9.0) 1560 (8.3) 0.025 1715 (7.9) 1741 (8.0) 0.004
Renal disease 78 (2.3) 510 (2.7) 0.025 396 (1.8) 379 (1.7) 0.006
Cardiovascular disease 1891 (55.9) 10797 (57.2) 0.026 12315 (56.4) 12308 (56.4) 0.001
Hypertension 1790 (52.9) 10239 (54.2) 0.027 11654 (53.4) 11665 (53.4) <0.001
Ischemic heart disease 446 (13.2) 2200 (11.7) 0.046 2784 (12.8) 2466 (11.3) 0.045
Other heart disease’ 305 (9.0) 1742 (9.2) 0.007 1878 (8.6) 1948 (8.9) 0.011
(Continued)
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Table | (Continued).

Overall Cohort Weighted Cohort
Duloxetine Gabapentin SMD Duloxetine Gabapentin SMD

(n=3383) (n=18874) (n=21821) (n=21833)

Comedication, n (%)

Beta-blocker 301 (8.9) 1544 (8.2) 0.026 1648 (7.6) 1657 (7.6) 0.001
ACEi/ARB 309 (9.1) 1770 (9.4) 0.008 2027 (9.3) 2001 (9.2) 0.004
CCB 264 (7.8) 1400 (7.4) 0.015 1530 (7.0) 1547 (7.1) 0.003
Nitrate 122 (3.6) 583 (3.1) 0.029 735 (34) 654 (3.0) 0.021
Statin 1064 (31.5) 5888 (31.2) 0.005 6636 (30.4) 6705 (30.7) 0.007
Antiplatelet 668 (19.7) 3499 (18.5) 0.031 4224 (19.4) 3945 (18.1) 0.033
Anticoagulant 73 (22) 382 (2.0) 0.009 462 (2.1) 422 (1.9) 0.013

Note: TOther heart disease includes pericarditis, myocarditis and related conditions.
Abbreviations: SMD, standardized mean difference; SD, standard deviation; CCl, Charlson Comorbidity Index; DM, diabetes mellitus; ACEi,
angiotensin-converting enzyme Inhibitor; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker.

was the next most common comorbidity (30.3% vs 33.3%). Regarding comedication history, statins were the most
commonly used treatment (31.5% vs 31.2%), followed by antiplatelets (19.7% vs 18.5%). After IPTW, all SMD values
were below 0.1, confirming appropriate balance in terms of age, CCI, comorbidities, and comedication history between
groups. Extreme propensity score values at the 1st and 99th percentiles were trimmed to improve comparability between
groups. The propensity score distribution after trimming is shown in Figure S2 in the supplementary material. The overall

mean duration of follow-up was 4.142.3 years, which was comparable between groups.

The Incidence and Risk of CV and Mortality Events

Over the entire follow-up period, the incidence rate (IR) per 100 person-years (PY) for composite outcomes was 2.16
(95% CI, 1.94-2.40) in the duloxetine group and 2.03 (95% CI, 1.93-2.13) in the gabapentin group (Table 2). The HR for
composite outcomes comparing duloxetine to gabapentin was 1.10 (95% CI, 1.03—-1.17) in the weighted model with
adjustment. The incidence of MACE in IR/100 PY was 1.04 (95% CI, 0.89-1.21) in the duloxetine group and 0.93 (95%
CI, 0.86-0.99) in the gabapentin group, with an HR of 1.15 (95% CI, 1.06-1.27) when comparing duloxetine to
gabapentin. Among the individual MACE outcomes, the primary contributor to the increased risk with duloxetine was
hemorrhagic stroke, with an HR of 1.52 (95% CI, 1.23—1.86), while the risk of AMI was lower with duloxetine, with an
HR of 0.65 (95% CI, 0.52—0.82). Given the limited number of hemorrhagic stroke events (n=38), the study had 80%
power at 0=0.05 to detect HRs of approximately 3.5 or greater, and these results should therefore be interpreted with
caution. The HR for heart failure was 1.19 (95% CI, 1.05-1.34). In a Fine—Gray competing-risk model treating death as
a competing event, the subdistribution HR for MACE was 1.16 (95% CI, 0.98-1.37), directionally consistent with the
cause-specific Cox estimate but attenuated. However, duloxetine was not associated with an increased risk of all-cause
death, cardiac death, ischemic stroke, or arrhythmia compared to gabapentin. All statistically significant HRs in the
weighted model remained significant after adjustment, with similar patterns observed in the mid-term follow-up analysis.
When followed up for up to 2 years, the HR of duloxetine versus gabapentin was 1.23 (95% CI, 1.13—1.35) for composite
outcomes and 1.32 (95% CI, 1.14-1.51) for MACE, with an HR of 1.69 (95% CI, 1.23-2.32) for hemorrhagic stroke.
Increased heart failure risk was observed again in the mid-term follow-up analysis, with an HR 1.78 (95% CI,
1.45-2.19). Overall, these results suggest that duloxetine users were at an increased risk of composite outcomes,
MACE (specifically hemorrhagic stroke), and heart failure compared to gabapentin users. Absolute risk differences
further illustrated the higher risk of composite and individual cardiovascular outcomes in duloxetine users compared to
gabapentin (Figure S3). To account for the differential effects of duloxetine based on patient risk factors, the composite
outcomes analysis was repeated after stratification by age, sex, CCI, comorbidities, and comedication patterns with CV
drugs, and the results are summarized in Figure 2. Overall, patients treated with duloxetine tended to have a higher risk of
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Table 2 Cardiovascular Risks in Duloxetine vs Gabapentin Users: Unweighted and Weighted Analyses

Category Duloxetine (n= 3383) Gabapentin (n=18874) HR (95% CI)
No. of PY IR/100PY No. of PY IR/100PY Unweighted Model Weighted Model Weighted Model p-valuet
Events (95% CI) Events (95% CI) with Adjustment?
Up to 2 years
Composite outcomes® 165 6079.2 271 (2.32-3.16) 743 33950.2 2.18 (2.03-2.35) 1.24 (1.05-1.47) 1.23 (1.13-1.35) 1.23 (1.13-1.35) <0.01
All-cause death 69 6197.2 1.1l (0.86-1.40) 480 34303.1 1.39 (1.27-1.53) 0.80 (0.62—-1.04) 0.80 (0.70-0.90) 0.80 (0.71-0.91) <0.01
MACE 72 6191.7 1.16 (0.90-1.46) 304 64474.6 0.88 (0.75-0.98) 1.33 (1.02-1.73) 1.33 (1.15-1.53) 1.32 (1.14-1.51) <0.01
Cardiac death 9 6252.0 0.14 (0.06-0.27) 33 347582 0.09 (0.06-0.13) 1.44 (0.66-3.13) 1.47 (0.96-2.23) 1.46 (0.95-2.22) 0.08
AMI 5 6256.4 0.08 (0.03-0.19) 59 34733.1 0.17 (0.13-0.22) 0.47 (0.19-1.17) 0.48 (0.32-0.73) 0.48 (0.31-0.72) <0.01
Stroke 58 6204.9 0.93 (0.70-1.21) 214 34570.5 0.62 (0.54-0.71) 1.51 (1.13-2.02) 1.54 (1.31-1.81) 1.52 (1.29-1.79) <0.01
Hemorrhagic 16 6241.6 0.26 (0.15-0.42) 53 34741.0 0.16 (0.11-0.20) 1.68 (0.96-2.94) 1.72 (1.25-2.35) 1.69 (1.23-2.32) <0.01
Ischemic 69 6197.1 1.1l (0.87-1.41) 362 344234 1.05 (0.94-1.17) 1.06 (0.82-1.37) 1.08 (0.94-1.23) 1.07 (0.93-1.22) 0.30
Arrhythmia 34 62229 0.54 (0.37-0.76) 190 34573.2 0.55 (0.47-0.63) 1.00 (0.69-1.43) 1.02 (0.84-1.23) 1.02 (0.85-1.23) 0.8l
Heart failure 38 6174.4 0.62 (0.44-0.84) 124 344533 0.36 (0.29-0.43) 1.71 (1.19-2.46) 1.79 (1.46-2.20) 1.78 (1.45-2.19) <0.01
Entire follow-up period
Composite outcomes 340 15708.9 2.16 (1.94-2.40) 1601 78988.9 2.03 (1.93-2.13) 1.08 (0.96-1.22) 1.09 (1.03-1.16) 1.10 (1.03-1.17) 0.03
All-cause death 204 16336.3 1.25 (1.08-1.43) 110 80492.9 1.38 (1.30-1.46) 0.93 (0.79-1.08) 0.93 (0.96-1.00) 0.93 (0.86-1.01) 0.07
MACE 171 16321.9 1.04 (0.89-1.21) 756 81596.6 0.93 (0.86-0.99) 1.13 (0.96-1.34) 1.16 (1.06-1.26) 1.15 (1.06-1.27) <0.01
Cardiac death 19 16857.7 0.11 (0.07-0.18) 82 83561.8 0.09 (0.07-0.12) 1.17 (0.70-1.95) 1.18 (0.90-1.55) 1.18 (0.89-1.54) 0.23
AMI 19 16834.4 0.11 (0.07-0.18) 149 83145.8 0.18 (0.15-0.21) 0.63 (0.39-1.03) 0.65 (0.51-0.81) 0.65 (0.52-0.82) <0.01
Stroke 139 16412.9 0.85 (0.71-1.0) 540 82016.5 0.66 (0.6-0.72) 1.13 (1.18-1.45) 1.32 (1.18-1.46) 1.32 (1.19-1.46) <0.01
Hemorrhagic 38 16772.7 0.23 (0.16-0.32) 129 83203.2 0.16 (0.13-0.18) 1.48 (1.02-2.13) 1.50 (1.22-1.84) 1.52 (1.23-1.86) <0.01
Ischemic 161 16340.2 0.98 (0.84-1.15) 827 81046.8 1.02 (0.95-1.09) 0.99 (0.91-1.08) 0.99 (0.91-1.08) 0.99 (0.91-1,09) 0.95
Arrhythmia 74 16649.4 0.44 (0.35-0.56) 365 82441.7 0.44 (0.4-0.49) 1.06 (0.82-1.36) 1.06 (0.93-1.21) 1.07 (0.94-1.22) 0.31
Heart failure 89 16422.5 0.54 (0.43-0.66) 38l 81752.4 0.47 (0.42-0.52) 1.15 (0.91-1.45) 1.17 (1.03-1.33) 1.19 (1.05-1.34) 0.01

Notes: TAdjusted for age, sex, CCI, baseline DM and CVD, and the use of ACE inhibitors/ARBs, statins, and antiplatelets. *p-values are derived from the weighted model with adjustment. $Composite outcomes were defined as the
occurrence of any of the listed cardiovascular outcomes (all-cause death, cardiac death, AMI, stroke, arrhythmia, or heart failure).Statistically significant HR (95% CI) and p values were highlighted in bold.
Abbreviations: HR, hazard ratio; Cl, confidence interval; PY, person-year; IR, incidence rate; MACE, major adverse cardiovascular event; AMI, acute myocardial infarction; CCl, Charlson Comorbidity Index; DM, diabetes mellitus; CVD,
cardiovascular disease; ACE, angiotensin-converting enzyme; ARB, angiotensin |l receptor blocker.
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Subgroup Duloxetine Gabapentin HR (95% CI)
No of events/PY  IR/100PY No of events/PY  IR/100PY
Age (years)
20-44 6/939.2 0.6 14/3803.7 0.4 ] 1.78 (0.98-3.23)
45-64 257/8347.6 31 1260/43398.6 2.9 - 1.07 (1.01-1.16)
65-84 77/6403.1 1.2 326/31587 1.0 L ] 1.19 (1.03-1.35)
Sex
Male 148/6060.1 2.4 603/30000.1 2.0 L 1.26 (1.14-1.39)
Female 192/9629.9 2.0 997/48789.3 2.0 - 1.00 (0.92-1.08)
CCI
<1 122/6852.1 1.8 432/32292.7 1.3 ] 1.33 (1.19-1.49)
22 218/8837.9 2.5 1168/46496.6 2.5 = 1.02 (0.94-1.10)
Comorbidities
Cancer 25/1115.6 22 135/6273.4 2.2 L] 0.98 (0.77-1.24)
DM 116/4252.8 2.6 665/25279.9 2.6 - 1.00 (0.90-1.10)
DM with complications 42/1363.3 31 265/9008.5 2.9 L] 1.39 (1.17-1.64)
CVD 235/8303.9 2.8 1196/43543.2 2.7 ] 1.05 (0.97-1.13)
Renal disease 12/294.4 4.1 86/1911.9 4.5 - 0.84 (0.60-1.18)
Comedications
ACEI/ARB 45/1284.9 35 201/7314.9 2.7 - 1.32 (1.11-1.57)
Beta-blocker 61/1278 48 285/5877.5 4.8 ] 1.02 (0.87-1.19)
CCB 42/1226.9 3.4 185/5908.6 3.1 L 1.19 (1.00-1.43)
Statin 123/4593.8 2.7 555/23591.9 2.4 L] 1.12 (1.01-1.25)
Antiplatelet 95/3005 3.2 466/14442.1 3.2 - 1.01 (0.90-1.13)

05 1 15 2 25

Figure 2 Stratified risk analyses of composite outcomes associated with duloxetine vs gabapentin in patients with Hip osteoarthritis.
Abbreviations: HR, hazard ratio; Cl, confidence interval; PY, person-year; IR, incidence rate; CCl, Charlson Comorbidity Index; DM, diabetes mellitus; CVD, cardiovascular
disease; ACEi, angiotensin-converting enzyme Inhibitor; ARB, angiotensin Il receptor blocker.

developing CV complications than those using gabapentin, especially in older age groups: the HR was 1.07 and 1.19 for
the 45—-64-year and 65-84-year age groups, respectively. In terms of CCI, patients with a CCI of <1 had an elevated CV
risk with duloxetine (HR 1.33; 95% CI, 1.19-1.49), whereas those with a CCI of >2 showed no significant difference
(HR 1.02; 95% CI, 0.94—1.10). Other strata suggesting an elevated CV risk with duloxetine include males (HR 1.26; 95%
CI, 1.14-1.39), comedication with ACE inhibitors or ARBs (HR 1.32; 95% CI, 1.11-1.57), and comedication with stains
(HR 1.12; 95% CI, 1.01-1.25). The risk of CV complications was comparable between treatment groups, regardless of
preexisting comorbid conditions, including DM, cancer, renal disease, and CVD.

Subgroup Analysis

The risk analysis for CV and mortality outcomes were repeated in non-CVD patients using the IPTW and adjustment
methods, and the results are summarized in Figure 3. Interestingly, non-CVD patients exposed to duloxetine therapy were
more likely to experience composite outcomes (HR 1.29; 95% CI, 1.14-1.45), MACE (HR 1.41; 95% CI, 1.19-1.66),
and stroke (HR 1.63; 95% CI, 1.35-1.96), including hemorrhagic stroke (HR 1.79; 95% CI, 1.28-2.53) and ischemic
stroke (HR 1.18; 95% CI, 1.01-1.39), relative to gabapentin-treated patients with no preexisting CVD. Additionally,
duloxetine use was associated with an increased risk of heart failure in non-CVD patients.

Before sensitivity analyses, we additionally examined model assumptions and visualized survival differences.
Schoenfeld residual tests did not indicate major violations of the proportional hazards assumption (Figure S4).
Kaplan—Meier curves demonstrated consistently higher cumulative incidence of composite outcomes among duloxetine
users compared to gabapentin (Figure S95).

Sensitivity Analysis

For sensitivity analysis, we repeated the risk analysis for CV and mortality outcomes with varying follow-up periods, and the
results are summarized in Table S1 of the supplementary material. Our sensitivity analyses confirmed the robustness and
consistency of our study findings. The HR for composite outcomes indicated a consistent trend of elevated CV risk with
duloxetine use in hip OA patients, compared to gabapentin use. The HR (95% CI) was 1.19 (1.06—1.33) for a follow-up period
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Outcomes Duloxetine Group Gabapentin Group HR (95% ClI)
Events/PY IR per 100PY Events/PY IR per 100PY

Composite outcomes 105/7386.1 1.4 404/35246.2 1.1 ] 1.26 (1.12-1.42)
All cause of death 50/7588 0.6 318/35434.3 0.9 | 0.74 (0.55-1.01)
MACE 55/7537.2 0.7 200/35827.4 0.6 | 1.41 (1.19-1.66)
Cardiac death 4/7716.8 0.0 18/36350.2 0.0 | | 1.10 (0.59-2.01)
AMI 6/7709.1 0.1 38/36300.6 0.1 | 0.75 (0.48-1.18)
Stroke 47/7559.8 0.6 148/35965.5 0.4 | 1.63 (1.35-1.96)
Hemorrhagic 15/7670.6 0.2 44/3627.4 0.1 ] 1.79 (1.28-2.53)
Ischemic 54/7550.8 0.7 229/35693.1 0.6 | 1.18 (1.01-1.39)
Arrhythmia 27/7652.5 0.3 123/36058.1 0.3 L | 1.06 (0.84-1.32)
Heart failure 33/7614.5 04 109/36088.2 0.3 n 1.44 (1.16-1.79)

r T T T T 1

0 05 1 15 2 25

Figure 3 Subgroup analyses of cardiovascular events and mortality risk associated with duloxetine vs gabapentin in Hip osteoarthritis patients without baseline
cardiovascular disease.
Abbreviations: HR, hazard ratio; Cl, confidence interval; PY, person-year; IR, incidence rate; MACE, major adverse cardiovascular event; AMI, acute myocardial infarction.

of up to 1 year, 1.23 (1.13-1.35) for up to 2 years, and 1.10 (1.03—1.17) for the entire follow-up period of 4.142.3 years.
Similar trends were observed for other outcomes across all three follow-up periods. Additionally, we applied four different
grace periods and repeated the risk analysis for composite outcomes and MACE. The results are summarized in Table S2.

In the lagged exposure analysis, the HR (95% CI) for composite outcomes was 1.12 (1.05-1.19) at 30 days, 1.11
(1.04-1.19) at 90 days, 1.09 (1.01-1.16) for 150 days, and 1.08 (1.01-1.16) for 180 days. Similar trends were observed in
the risk analysis for MACE, indicating a consistent risk of CV complications with duloxetine compared to gabapentin,
regardless of the grace period settings. Lastly, we conducted a separate analysis using PSM with adjustment methods for
the entire follow-up period. As shown in Table S3, there were no significant between-group differences in baseline
variables. Risk analysis in the propensity score-matched cohort yielded findings consistent with those of the main
analysis, with detailed results summarized in Table S4. As a negative control outcome, appendicitis (ICD-10 K35, K36,
K37) showed no significant association between duloxetine and gabapentin users (Table S5).

Discussion
In this population-based cohort study, we performed a risk analysis to investigate the effects of duloxetine on CV and
mortality outcomes as compared to gabapentin in patients with hip OA, using [IPTW with adjustment methods. Over the
entire follow-up period, we found that the risk of composite outcomes was higher with duloxetine than with gabapentin
(HR 1.10; 95% CI, 1.03—-1.17). When broken down into secondary outcomes, duloxetine was associated with an
increased risk of MACE (HR 1.15; 95% CI, 1.06-1.27), hemorrhagic stroke (HR 1.52; 95% CI, 1.23-1.86), and heart
failure (HR 1.19; 95% CI, 1.05-1.34), whereas a lower risk was observed for AMI (HR 0.65, 95% CI, 0.52-0.82).
OA patients often require long-term analgesic therapy due to OA-associated chronic pain. Nonopioid analgesics are
increasingly favored to reduce opioid use in this population. Given the advanced age of these patients and the chronic,
progressive nature of OA, evaluating the CV safety of duloxetine, a nonopioid treatment option, is crucial. In line with
our hypothesis, duloxetine was associated with an increased CV risk, likely attributable to its norepinephrine reuptake
inhibition, which may lead to blood pressure dysregulation and heightened sympathetic activity.***® In our stratified
analyses by patient factors (age, sex, CCI, comorbidities, and comedications), duloxetine’s elevated risk for composite
outcomes remained significant after statistical adjustments in older patients aged 45-64 years (HR 1.07) and 65-84 years
(HR 1.19), males (HR 1.26), CCI <1 (HR 1.33), those with advanced DM with complications at baseline (HR 1.39), and
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those comedicated with ACE inhibitors/ARBs (HR 1.32) or statins (HR 1.12). Although these findings suggest that
duloxetine may warrant careful monitoring in higher-risk subgroups, particularly older males and patients with lower
comorbidity burden, with attention to blood pressure, heart rate, and bleeding complications, they should be regarded as
exploratory given the multiple endpoints and subgroup analyses assessed.

Previous studies have suggested a potential link between SNRIs, including duloxetine, and CV risks, possibly due to
increased cardiac sympathetic activity, which may result in tachycardia and elevated blood pressure.'>'”***° Consistent
with our findings, other studies have also reported an increased CV events in elderly patients and those with preexisting
DM.*®3! Additionally, a study reported an increased incidence of intracranial hemorrhage in SNRI users compared to
selective serotonin reuptake inhibitor (SSRI) users among patients without depression as a comorbid condition (HR 1.63;
95% CI, 1.14-2.32).>% Similarly, Leong et al reported an elevated risk of stroke (HR 1.20; 95% CI, 1.08-1.33) in SNRI
users compared to SSRI users.'® Notably, they also observed increased all-cause mortality in SNRI users without mood
or anxiety disorders, suggesting a high CV and mortality risk in non-psychiatric populations exposed to duloxetine. These
results align with our findings, as we also excluded patients with a history of psychiatric disorders from risk analysis.
Although our study did not find a notable increase in all-cause mortality risk, we observed an elevated risk of stroke,
particularly hemorrhagic stroke, associated with duloxetine use in hip OA patients without psychiatric comorbidities.

Interestingly, in our subgroup analysis of patients with no baseline CVDs, those exposed to duloxetine had a higher
likelihood of experiencing composite outcomes (HR 1.29), MACE (1.41), both hemorrhagic stroke (HR 1.79) and
ischemic stroke (HR 1.18), and heart failure (HR 1.44) compared to those receiving gabapentin. These results further
confirm that when potential confounding effects from preexisting CVDs were minimized, duloxetine was associated with
higher risk of incident CV complications in patients without prior CVDs. Given that this study focused on a non-
psychiatric patient population, these risks should be carefully considered when prescribing duloxetine for pain manage-
ment. Patients with CV risk factors may require cautious use and close monitoring of CV complications. Clinicians
should evaluate individual CV risk profiles and implement appropriate monitoring strategies to minimize potential
adverse effects, ensuring its safer use as a nonopioid analgesic option for chronic pain management.

This study has several limitations. First, its focus on hip OA patients receiving duloxetine for analgesic purposes may
limit the generalizability of the findings to other patient populations and indications for duloxetine. Second, despite the
use of IPTW, adjusted multiple logistic regression methods, and rigorous sensitivity analyses, residual confounding may
still exist due to unidentified covariates. Lastly, endpoint events and patient comorbidities were identified using ICD-10
diagnosis codes. Consequently, missing or inaccurate documentation in the HIRA database may have led to over- or
under-estimation of outcome event frequencies and comorbid condition distributions between treatment groups. Finally,
because our study population consisted of hip OA patients without psychiatric comorbidities, the generalizability of these
findings to other OA populations (eg, knee OA) or international cohorts may be limited. Further studies with larger
sample sizes and extended follow-up periods are needed to validate these findings and evaluate the long-term safety of
duloxetine in relation to CV events and mortality across diverse patient populations with conditions beyond OA.

Conclusion

In this study, we investigated the potential risk of CV events and mortality associated with duloxetine compared to
gabapentin in patients with hip OA. Our study results demonstrated that overall CV risks tended to be higher with
duloxetine treatment than with gabapentin, including composite outcomes and MACE, particularly hemorrhagic stroke,
as well as heart failure, with the exception of AMI. Given the growing need for nonopioid analgesics that can be used
long-term in OA-related pain management, a risk-based, personalized therapeutic approach should be considered. Long-
term exposure to duloxetine may lead to CV events in older OA patients, who are already vulnerable to CV complica-
tions, and may also increase the risk of incident CV events in patients without preexisting CVD. Accordingly, careful
monitoring of cardiovascular and bleeding risk is advisable when duloxetine is prescribed.

Data Sharing Statement
The data used in this study were obtained with permission from the HIRA in Korea. According to HIRA regulations, the
database cannot be shared, leased, or sold to any third party other than the approved researchers with authorized access.
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