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Abstract
Background  Marijuana use is rising in the United States, yet its impact on perioperative outcomes remains poorly 
understood, particularly in orthopaedic trauma where cessation is often not feasible. This study evaluates the risks 
associated with cannabis and nicotine use in patients undergoing fixation of upper extremity fractures.

Methods  We performed a retrospective analysis of adult trauma patients with upper extremity fractures (2015–2023) 
identified using CPT codes for surgical fixation in the TriNetX database. Four cohorts were defined: cannabis-only 
users (n = 801), nicotine-only users (n = 14,310), concurrent users (n = 901), and non-users matched 1:1 to each 
exposure cohort. Propensity score matching was applied to each pairwise comparison. Primary outcomes were 
surgical and medical complications; secondary outcomes included new postoperative psychosocial diagnoses 
(anxiety, depression, opioid use disorder, and chronic pain) and coagulation parameters. Binary outcomes were 
compared using absolute risk differences, risk ratios, odds ratios, and 95% confidence intervals; continuous outcomes 
with independent t-tests, all assessed within 1 year following surgery.

Results  Cannabis-only users had significantly higher rates of implant-related infection, reoperation, readmission, 
depression, and anxiety compared with non-users (p < 0.05). Nicotine-only users demonstrated higher odds ratios 
in most overlapping outcomes and showed significantly elevated rates across a broader range of complications, 
including superficial and deep infection, nonunion or malunion, wound dehiscence, pneumonia, chronic pain, 
mortality, and psychosocial complications. Concurrent users did not demonstrate additive risk compared with 
cannabis-only users.

Conclusion  Cannabis and nicotine use were independently associated with increased postoperative complications 
following fixation of upper extremity fractures compared with matched non-user controls. The absence of statistically 
significant additive effects may reflect limited power to detect modest interactions, overlapping biological 
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Introduction
Marijuana use is steadily rising in the United States, with 
approximately one in five Americans reporting recent 
use [1]. Prevalence is highest among young adult males 
between 21 and 34 years of age, a demographic that also 
represents the highest risk group for sustaining ortho-
paedic trauma injuries [2–5]. Following the legalization 
of recreational marijuana in Colorado and Washington in 
2012, a nationwide trend ensued, with 25 states enacting 
similar laws by 2024 [1–3]. As legalization and societal 
acceptance grow, daily cannabis use has become increas-
ingly common [1]. Despite this trend, the perioperative 
risks of cannabis remain poorly understood, particularly 
in orthopaedic trauma surgery where immediate ces-
sation after injury may not significantly diminish the 
impact of this drug.

Concerns about cannabis use in the perioperative 
period are supported by in vitro and animal studies dem-
onstrating adverse effects on both immune and bony 
physiology. Tetrahydrocannabinol (THC), the primary 
psychoactive component of cannabis, impairs immune 
cell recruitment, alters cytokine signaling, and sup-
presses osteogenesis [4–6]. These immunomodulatory 
effects may impair fracture healing and compromise local 
antimicrobial defenses, potentially elevating the risk of 
implant-related infection or delayed union [7]. 

Clinical data, however, remain mixed. In pediatric 
patients, cannabis use is associated with delayed union 
[8]. In adult tibial shaft fractures, cannabis users show 
initially elevated risks of deep infection and surgical com-
plications, although these associations lost significance 
after multivariate adjustment [9]. Two retrospective stud-
ies on distal radius fractures report higher infection and 
malunion rates in cannabis users, particularly among 
those who also used tobacco, with additional associations 
noted for medical complications, nerve injuries, and ten-
don injuries [10, 11]. Among patients undergoing ankle 
open reduction internal fixation (ORIF), combined can-
nabis and tobacco use is linked to higher rates of urinary 
tract infections, readmissions, and adverse events, while 
cannabis-only users show no increased risk [12]. Can-
nabis use is also associated with higher rates of scaphoid 
nonunion and subsequent revision surgery at 6, 12, and 
24 months [13–17]. Additionally, thromboelastogra-
phy (TEG) analysis in trauma patients who use cannabis 
demonstrates prolonged reaction times (R-time), indicat-
ing delayed clot initiation and underlying coagulopathy 

that may confer increased risk perioperatively [18]. Can-
nabis-associated coagulopathy may be mediated through 
cannabinoid receptor pathways that inhibit platelet 
activation and aggregation. Experimental studies show 
impaired glycoprotein VI signaling, reduced alpha-gran-
ule release, decreased fibrinogen binding, and attenua-
tion of thrombin-induced clot formation [19–21]. 

In parallel, nicotine use alone is a well-established risk 
factor for adverse postoperative outcomes, including 
impaired wound healing, infection, venous thromboem-
bolism, and pulmonary complications [12]. Despite this, 
limited data exist regarding the potential additive risk of 
combined cannabis and nicotine use in upper extremity 
fracture surgery, specifically regarding implant-related 
infection and coagulopathy following ORIF [10]. 

Psychosocial morbidity is also highly prevalent follow-
ing orthopaedic trauma. Depression and post-traumatic 
stress disorder (PTSD) with a recent systematic review 
reporting weighted pooled prevalences of 32.6% and 
26.6%, respectively [22]. Anxiety disorders are similarly 
common, with generalized anxiety disorder occurring in 
approximately 10–14% of patients depending on injury 
severity and anatomical region [23]. Given this substan-
tial baseline vulnerability, even modest increases in psy-
chosocial complications among cannabis-using trauma 
patients may have meaningful implications for recovery, 
readmission risk, and long-term functional outcomes.

This retrospective cohort study aims to identify postop-
erative complications associated with cannabis and com-
bined cannabis-nicotine use following fixation of upper 
extremity fractures, using a large, multi-institutional 
dataset drawn from U.S. healthcare organizations. Addi-
tionally, we evaluate differences in coagulation markers, 
prothrombin time (PT) and activated partial thrombo-
plastin time (aPTT), to further characterize thrombotic 
risk. All postoperative surgical, medical, psychosocial, 
and laboratory-based complications were assessed within 
a standardized 1-year follow-up period after fracture 
fixation to allow consistent comparison across exposure 
groups. Findings from this study may enhance preop-
erative risk stratification, inform perioperative manage-
ment, and guide interventions to reduce complications 
in an increasingly prevalent subset of orthopedic trauma 
patients.

mechanisms, or a true absence of synergy. These findings support standardized screening, risk stratification, and 
targeted perioperative strategies, including extended antibiotic prophylaxis and integrated psychosocial support, to 
reduce complications in this at-risk population.

Keywords  Cannabis, Nicotine, Upper extremity fractures, Orthopaedic trauma, Postoperative complications, 
Propensity score matching
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Methods
Data source and study design
We conducted a retrospective cohort study using the Tri-
NetX Research Network (Cambridge, MA; www.trinetx.
com), a federated health research platform aggregating 
de-identified electronic health records from 92 health-
care organizations across the United States with over 
130  million patients. The platform provides real-time 
access to structured clinical data, including demograph-
ics, diagnoses, procedures, medications, and laboratory 
results. Data access was supported by the National Cen-
ter for Advancing Translational Sciences (NCATS) grant 
UM1TR004528.

Data were accessed through the TriNetX Research 
Network on August 12, 2025, and final analyses were 
subsequently performed. All data within TriNetX are 
de-identified in accordance with the Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule 
under 45 CFR §  164.514(b)(1), utilizing expert-deter-
mined methods such as obfuscation and minimum cell 
sizes (≥ 10 individuals per value). Therefore, the dataset 
does not constitute protected health information and is 
exempt from HIPAA and IRB oversight.

Cohort definitions
We identified adult patients (aged ≥ 18 years) who under-
went surgical fixation of upper extremity fractures 
between January 1, 2015, and December 31, 2023. We 
limited the analysis to upper extremity injuries because 
they involve non-weight-bearing extremities and have 
distinct postoperative mobility and rehabilitation pat-
terns compared with lower extremity fractures. Eligible 
procedures were defined using a comprehensive list of 
Current Procedural Terminology (CPT) codes for sur-
gical fixation involving the scapula, shoulder, humerus, 
elbow, radius, ulna, wrist, and hand. To ensure transpar-
ency and reproducibility, all CPT codes were selected a 
priori to comprehensively capture all upper extremity 
ORIF procedures based on standard orthopedic operative 
categories; full code list provided in Table S1. Patients 
were included at the patient level rather than the fracture 
level; therefore, individuals with multiple upper extrem-
ity fractures were counted once based on their first 
qualifying fixation procedure. Patients with concomitant 
lower extremity injuries were not excluded, but these 
injuries were accounted for as covariates during propen-
sity score matching to mitigate confounding from unre-
lated trauma and mobility limitations. Patients were then 
stratified into three exposure cohorts based on Interna-
tional Classification of Diseases, Tenth Revision (ICD-10) 
diagnostic codes for substance use. Cannabis-only users 
included patients with a diagnosis of cannabis-related 
disorders (F12) and no diagnosis of nicotine dependence 
(F17), with cannabis use documented at least one day 

prior to surgery. Non-users included patients without 
documentation of either cannabis-related disorders or 
nicotine dependence. The concurrent users cohort com-
prised patients with documented diagnoses of both can-
nabis-related disorders and nicotine dependence. Each 
pairwise comparison (cannabis-only users vs. non-users, 
cannabis-only users vs. concurrent users, and nicotine-
only users vs. non-users) was analyzed independently to 
assess the differential risk associated with cannabis and/
or nicotine exposure. Figure 1 outlines the cohort selec-
tion process.

Index event and follow-up
The index event was defined as the first qualifying upper 
extremity fracture surgery within the study period. Exact 
injury dates are not uniformly available within TriNetX. 
To maintain temporal validity, we required that all frac-
ture diagnoses establishing cohort eligibility be recorded 
on or prior to the date of fixation, ensuring that the injury 
clearly preceded the index surgical event. Follow-up 
began one day after the index event and continued for 
365 days. To ensure data reliability, patients whose index 
events occurred 20 or more years prior to the query date 
were excluded, although no patients met this criterion.

Outcomes
Primary and secondary outcomes included a range of 
medical, surgical, and psychosocial complications com-
monly evaluated in orthopedic trauma and substance 
use literature. Outcomes were defined using ICD-10 and 
CPT codes mapped through TriNetX’s Unified Medical 
Language System (UMLS) ontology. Clinical endpoints 
included wound dehiscence, superficial wound infection, 
implant-related infection, nonunion or malunion, nerve 
palsy, irrigation and debridement, amputation, reopera-
tion, blood transfusion, pulmonary embolism (PE), deep 
vein thrombosis (DVT), pneumonia, acute respiratory 
distress syndrome (ARDS), myocardial infarction (MI), 
stroke, mortality, anxiety, depression, opioid use disor-
der, chronic pain, and all-cause readmission. Laboratory-
based outcomes included prothrombin time (PT) and 
activated partial thromboplastin time (aPTT). For each 
outcome, patients were excluded only from that specific 
outcome analysis if the complication was documented 
prior to the index date. Patients were not excluded from 
the overall cohort or from other outcome analyses. Labo-
ratory values analyzed had to be collected after index 
surgery date. This ensured that all results reflect new, 
incident postoperative events.

Statistical analysis
All analyses were conducted on the matched cohorts. 
Propensity score matching (PSM) was performed using 
1:1 greedy nearest-neighbor matching with a caliper of 

http://www.trinetx.com
http://www.trinetx.com
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0.10 pooled standard deviations. Matching variables 
included demographics (age, sex, race), metabolic and 
medical comorbidities (BMI, HbA1c, osteoporosis, ath-
erosclerotic cardiovascular disease, chronic kidney dis-
ease, liver disease, COPD, peripheral arterial disease), 
polysubstance use disorders (alcohol-, opioid-, and other 
psychoactive substance-related disorders), polytrauma 
indicators, preoperative antibiotic administration (identi-
fied using CPT-coded perioperative care encounters and 
medication administration entries documented before 
operative start time), fracture location, fracture type 
(open vs. closed), and type of fixation procedure. To fur-
ther reduce confounding related to surgical approach, 
all CPT fixation codes used to define the cohort were 
included as covariates (complete list in Table S1). Con-
comitant lower extremity injuries were also included 
as covariates to balance trauma severity and the risk of 
immobilization-related complications such as VTE. Stan-
dardized mean differences (SMD) < 0.10 were used to 

confirm covariate balance. For binary outcomes, we cal-
culated absolute risk differences, risk ratios (RR), odds 
ratios (OR), and 95% confidence intervals (CIs). Time-
to-event analyses were performed using Kaplan–Meier 
curves with log-rank testing and Cox proportional haz-
ards models. Continuous outcomes (PT and aPTT) were 
compared using independent samples t-tests assum-
ing unequal variances. A P value of less than 0.05 was 
considered statistically significant. To address multiple 
comparisons across the 21 outcomes tested, Benjamini-
Hochberg false discovery rate (FDR) correction was 
applied. E-values were calculated for significant findings 
to assess robustness to unmeasured confounding.

Results
Sensitivity analysis for cannabis use
A sensitivity analysis was performed to assess the sensi-
tivity of cannabis use in the TriNetX database. Accord-
ing to the National Centers of Drug Use and Health 

Fig. 1  Cohort selection diagram
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(NSDUH), approximately 6.8% of Americans age 12 or 
older report having a cannabis use disorder [24]. Apply-
ing this prevalence to the over 150 million patients in 
the TriNetX Research database network would pre-
dict roughly 10.2 million cannabis users. However, 
only 1,666,438 patients (1.11%) in the database carried 
an ICD-10-CM diagnosis code for cannabis-related 
disorders.

Cohort sizes and matching
Before PSM, there were several expected demographic 
and clinical differences between exposure groups. Can-
nabis-only users were generally younger and more often 
male compared with non-users, and nicotine-only users 
demonstrated a higher comorbidity burden, includ-
ing greater prevalence of COPD, peripheral arterial dis-
ease, and polysubstance use disorders. Differences were 
also observed in fracture distribution and initial proce-
dural codes. These baseline imbalances are detailed in 
Table  1 and additional covariates with proper matching 
can be found in Table S2. After propensity score match-
ing, covariate balance improved substantially, with all 
SMD < 0.10 for the cannabis-only and concurrent use 
comparisons, indicating successful matching. In nico-
tine-only users, age remained slightly above threshold 
(SMD = 0.14).

Following propensity score matching, cannabis-only 
users vs. non-users comparison included 801 patients 
per group; the nicotine-only users vs. non-user controls 
comparison included 14,310 patients per group; and 
the concurrent users vs. cannabis-only users compari-
son included 901 patients per group. Results of pre and 
post matching can be found in Table 1. A full summary 
of fracture types after matching is provided in Table S2. 
Across comparisons of cannabis-only, nicotine-only, and 
concurrent users, baseline characteristics including age, 
sex, race, fracture type, and comorbidities were balanced 
with SMD < 0.10, confirming successful covariate match-
ing. However, covariate balance was not fully achieved in 
the nicotine-only user cohort, with some select variables 
exhibiting SMD > 0.10, indicating residual imbalance 
despite matching.

Cannabis-only users
Cannabis-only users demonstrated higher rates of sev-
eral postoperative complications compared with matched 
non-users, including deep implant infection, reoperation, 
readmission, and new-onset depression and anxiety. Spe-
cific values for these outcomes are reported in Table  2, 
and comparative risk ratio profiles are shown in Fig. 2.

Deep implant infection was significantly more frequent 
in cannabis-only users (risk difference: 1.85%; 95% CI: 
0.50–3.21%). Elevated risks were also observed for reop-
eration (risk difference: 3.62%; 95% CI: 0.73–6.51%) and 

readmission (risk difference: 2.87%; 95% CI: 0.83–4.91%). 
Survival curves for reoperation for cannabis-only users 
can be found in Fig.  3. Rates of depression (risk differ-
ence: 2.21%; 95% CI: 0.68–3.80%) and anxiety (risk dif-
ference: 2.03%; 95% CI: 0.03–4.02%) were also higher; 
these represent new postoperative diagnoses, as individ-
uals with prior documentation of these conditions were 
excluded from the respective analyses.

No significant difference were identified for wound 
complications (dehiscence, superficial infection), non-
union or malunion, irrigation and debridement, amputa-
tion, nerve palsy, pneumonia, ARDS, blood transfusion, 
DVT, PE, MI, stroke, mortality, chronic pain, opiate use, 
or coagulation parameters (PT, aPTT) (Table 3).

After Benjamini-Hochberg FDR correction across 21 
outcomes, only readmission remained statistically signifi-
cant (q = 0.006). Deep implant infection and depression 
showed borderline significance (q = 0.051). Reoperation 
and anxiety remained nominally significant (p < 0.05) but 
did not retain significance after correction. E-values indi-
cated moderate to strong robustness to unmeasured con-
founding, with deep implant infection demonstrating the 
highest E-value (4.31). Number Needed to Harm (NNH) 
values were 35 for readmission, 28 for reoperation, 45 
for depression, 49 for anxiety, and 54 for deep implant 
infection.

Nicotine-only users
Nicotine-only users demonstrated a broader and more 
pronounced pattern of postoperative complications 
compared with matched non-users, with significantly 
elevated risks across multiple surgical, medical, and psy-
chological outcomes. Detailed values are provided in 
Table 2, and risk ratio profiles are displayed in Fig. 4.

Significant increases were observed in deep implant 
infection (risk difference: 0.84%; 95% CI: 0.54–1.36%), 
superficial surgical site infection (risk difference: 0.34%; 
95% CI: 0.15–0.52%), wound dehiscence (risk difference: 
0.21%; 95% CI: 0.02–0.36%), and nonunion or malunion 
(risk difference: 1.01%; 95% CI: 0.65–1.36%). Reopera-
tions (risk difference: 1.41%; 95% CI: 0.68–2.13%), irri-
gation and debridement (risk difference: 0.23%; 95% CI: 
0.04–0.42%), and readmissions (risk difference: 1.65%; 
95% CI: 1.21–2.09%) were all significantly more fre-
quently in nicotine-only users. Survival curves for reop-
eration for nicotine-only users can be found in Fig. 5.

Medical complications were also elevated, with higher 
rates of mortality (risk difference: 0.34%; 95% CI: 0.05–
0.63%) and pneumonia (risk difference: 0.40%; 95% CI: 
0.08–0.72%). Psychosocial complications were more 
common as well, including new postoperative diag-
noses of depression (risk difference: 1.01%; 95% CI: 
0.64–1.37%), anxiety (risk difference: 1.27%; 95% CI: 
0.90–1.88%), opiate use disorder (risk difference: 0.71%; 
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95% CI: 0.54–0.88%), and chronic pain (risk difference: 
1.25%; 95% CI: 0.70–1.80%). As with the cannabis-only 
user analysis, individuals with prior psychological diag-
noses were excluded from these analyses to ensure 
assessment of new post-operative events.

No significant differences were observed in nerved 
palsy, amputation, blood transfusion, DVT, PE, ARDS, 
MI, stroke, or aPTT (Tables 2 and 3). PT values differed 

statistically (mean 13.70 vs. 14.24; p = 0.0015), but were 
not clinically significant (Reference Range 11.0–13.5 s).

After Benjamini–Hochberg FDR correction, 12 out-
comes remained statistically significant, including deep 
implant infection, nonunion/malunion, reoperation, 
anxiety, depression, opioid use disorder, chronic pain, 
readmission, superficial wound infection, pneumo-
nia, irrigation and debridement, and death, with wound 
dehiscence borderline significant. E-values ranged from 
1.53 (reoperation) to 9.52 (opioid use disorder), demon-
strating moderate-to-strong robustness to unmeasured 
confounding. Number Needed to Harm (NNH) estimates 
ranged from 61 (readmission) to 485 (wound dehiscence).

Concurrent users
Concurrent users did not demonstrate significantly 
higher postoperative complication rates compared with 
matched cannabis-only users, and no outcome showed 
statistically significant additive or synergistic risk. Full 
numerical results are shown in Table 2, with correspond-
ing risk ratio profiles in Fig. 6.

Across surgical, medical, and psychosocial outcomes, 
rates in concurrent users were generally comparable to 
those in cannabis-only users. Although the risk of reop-
eration was numerically higher in concurrent users (risk 
difference: 2.66%, p = 0.09), the difference did not reach 
statistical significance. Survival curves for reoperations 
in concurrent users can be found in Fig.  7. No signifi-
cant differences were observed for deep implant infec-
tion, superficial infection, wound dehiscence, nonunion 
or malunion, irrigation and debridement, readmission, 
chronic pain, anxiety, depression, opioid use disorder, or 
mortality. Coagulation parameters (PT, aPTT) were also 
similar between groups (Table 3).

After Benjamini–Hochberg FDR correction, no out-
comes met criteria for statistical significance. This null 
finding reflects both the limited sample size and the small 
risk differences observed. Post-hoc power analysis dem-
onstrated that with approximately 900 patients per group, 
the comparison had 80% power to detect risk differences 
of roughly 3% for outcomes with 5% baseline incidence, 
suggesting that smaller effects may have been missed.

Discussion
In this large multi-institutional cohort, cannabis-only 
and nicotine-only use were each independently associ-
ated with increased postoperative complications follow-
ing upper extremity fracture fixation. Both cannabis and 
nicotine use were independently associated with signifi-
cantly increased risks of surgical and medical complica-
tions including implant-related infection, readmission, 
reoperation, and mood disorders. Nicotine use was addi-
tionally associated with elevated rates of non-union, mal-
union, wound dehiscence, superficial wound infection, 

Fig. 3  Cannabis-Only Users: 1 Year Reoperation Survival Curve

 

Fig. 2  Cannabis-Only Users: Postoperative Complication Risk Profile Risk 
ratio profile comparing cannabis-only users to matched non-user con-
trols following surgical fixation of upper extremity fractures. Each risk ratio 
represents the relative likelihood of postoperative complications among 
cannabis-only users versus non-users after propensity score matching
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need for irrigation and debridement, pneumonia, mortal-
ity, and chronic pain. Notably, there were no significant 
additive effects observed among concurrent users. These 
findings are particularly relevant given rising rates of 

cannabis use especially amongst young men who are dis-
proportionately affected by orthopedic trauma [25, 26]. 

The robustness of our findings to unmeasured con-
founding was assessed using E-values. The E-value of 
4.31 for deep implant infection indicates that an unmea-
sured confounder would need a risk ratio of at least 4.31 
with both cannabis use and infection to fully explain 
away the observed association. Given the comprehensive 
propensity score matching on demographics, comor-
bidities, fracture characteristics, and polysubstance use, 
such a strong unmeasured confounder seems unlikely, 
supporting a potential causal relationship. However, the 
borderline significance of several outcomes after FDR 
correction warrants cautious interpretation.

Cannabis-only users exhibited a higher rate of deep 
implant infection compared to non-users. This finding is 
consistent with prior studies reporting increased superfi-
cial and deep infections among cannabis users [8, 10, 11, 
27]. Cannabinoids may impair key antimicrobial immune 
function including phagocytosis, oxidative burst, anti-
gen presentation, and adaptive immune cell recruit-
ment, which may meaningfully weaken host defense in 
the peri-implant environment [4–6, 28]. These immuno-
modulatory effects can compromise fracture healing and 
reduce resistance to biofilm-forming pathogens [7]. Fur-
ther work is needed to determine whether cannabis users 
are more susceptible to specific pathogen profiles and to 
evaluate whether targeted strategies such as extended 

Table 3  Comparative analysis of coagulation profiles among Cannabis-Only, Nicotine-Only, and concurrent users
Outcome Comparison Mean 

(Group 1)
SD (Group 
1)

Mean 
(Group 2)

SD (Group 
2)

t df P-
value

Partial Thrombo-
plastin Time (PTT)

Cannabis-Only Users vs. Non-Users 33.169 10.88 34.193 12.733 −0.525 153 0.6001

Nicotine-Only Users vs. Non-Users 33.343 11.392 33.914 13.445 −1.304 3337 0.1924

Concurrent Users vs. Cannabis Users 33.511 11.362 34.183 13.615 −0.398 225 0.6908

Prothrombin 
Time (PT)

Cannabis-Only Users vs. Non-Users 13.548 3.157 13.526 2.955 0.049 205 0.9612

Nicotine-Only Users vs. Non-Users 13.736 5.105 14.165 5.45 −2.567 4198 0.0103

Concurrent Users vs. Cannabis Users 13.818 4.494 13.391 2.547 1.058 313 0.2909

Fig. 5  Nicotine-Only Users: 1 Year Reoperation Survival Curve

 

Fig. 4  Nicotine-Only Users: Postoperative Complication Risk Profile Risk 
ratio profile comparing nicotine-only users to matched non-user controls 
following surgical fixation of upper extremity fractures. Each risk ratio 
represents the relative likelihood of postoperative complications among 
nicotine-only users versus non-users after propensity score matching
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systemic prophylaxis or local antimicrobial delivery can 
mitigate this risk [29–32]. 

Furthermore, cannabis-only users demonstrated sig-
nificantly higher reoperation rates reflecting the need 
to address the increase in deep implant infection rates. 
These findings are corroborated by Turan et al., who 
demonstrated increased rates of both reoperation and 
periprosthetic joint infection (PJI) in cannabis users fol-
lowing total joint arthroplasty procedures [33]. Despite 
reports of delayed bone healing and prolonged time to 
union in prior literature, we did not detect statistically 
significant differences in non-union or malunion in this 
retrospective cohort [8, 34, 35]. Further prospective and 
basic science research are warranted to further charac-
terize the downstream effects of cannabinoids on bone 
healing and immunity.

Psychosocial complications were also seen more fre-
quently with cannabis users, demonstrating increased 
rates of readmission, anxiety, and depression as com-
pared to non-users. Our findings linking cannabis use to 
mood disorders is supported by existing literature that 
highlights prolonged cannabis use to increased odds of 
developing mood and anxiety disorders [36, 37]. This 
relationship is further strengthened by observations by 
Langlois et al., in which authors explore a “bi-directional” 
relationship between cannabis use and depression, where 
the use of cannabis increases the rates of depression and 
subsequent cannabis use in a positive feedback loop [38]. 

In our matched cohort, cannabis use was associ-
ated with a 4% higher rate of readmission compared to 
non-users, with a NNH of 35—meaning one additional 

Fig. 7  Concurrent Users: 1 Year Reoperation Survival Curve

 

Fig. 6  Concurrent Users: Postoperative Complication Risk Profile Risk ratio 
profile comparing concurrent cannabis-and-nicotine users to matched 
cannabis-only users following surgical fixation of upper extremity frac-
tures. Each risk ratio represents the relative likelihood of postoperative 
complications among concurrent users versus cannabis-only users after 
propensity score matching
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readmission would be expected for every 35 cannabis 
users undergoing upper extremity fracture fixation com-
pared to non-users. The elevated readmission rate may 
reflect surgical complications (infection, reoperation), 
medical complications, psychosocial factors (the elevated 
depression and anxiety rates observed in this cohort), 
or healthcare access barriers. Notably, readmission was 
the only outcome that definitively survived Benjamini-
Hochberg FDR correction. These patients may benefit 
from enhanced pre-discharge communication, integrated 
mental health screening, and close outpatient follow-up 
[39]. Taken together, these psychosocial risks support the 
need for pre-discharge interventions and integrated men-
tal health screening to support this population.

The nicotine-only users cohort was designed as an 
internal-control, given the well-established effects of 
nicotine on respiratory and cardiovascular health and 
its known association with surgical complications such 
as infection and nonunion in orthopaedic surgery. As 
expected, nicotine use was independently associated with 
increased risks of postoperative medical and psycho-
social complications, including higher mortality. These 
findings likely reflect the documented impact of nico-
tine on neutrophil function, wound healing, endothelial 
integrity, and systemic inflammation [40–42]. In addi-
tion, nicotine users demonstrated elevated rates of surgi-
cal complications including wound dehiscence, nonunion 
or malunion, and reoperation, associations that have 
been consistently reported in prior literature [42–44]. 

Concurrent use of cannabis and nicotine was not 
associated with a significantly greater risk of complica-
tions compared to cannabis use alone. However, several 
important limitations temper interpretation of this null 
finding. First, the concurrent users comparison (N = 901 
per group) was underpowered to detect small-to-mod-
erate additive effects; post-hoc power analysis indicated 
80% power to detect risk differences of approximately 
3% for outcomes with 5% baseline rates. Second, formal 
interaction testing was not available within the TriNetX 
platform. Third, the absence of statistically significant 
additive effects may reflect overlapping biological path-
ways between cannabis and nicotine, or a true absence of 
synergistic effects. Future studies with larger concurrent 
use cohorts and formal interaction testing are needed to 
clarify this relationship.

Although this study was not designed to test specific 
perioperative interventions, our findings have several 
practical implications for clinical care. First, cannabis 
use should be routinely screened for during preopera-
tive evaluation of patients undergoing upper extremity 
fracture fixation, as it was independently associated with 
higher rates of implant related infection, reoperation, 
readmission, and mood disorders. Second, recognition 
of cannabis exposure may prompt closer postoperative 

monitoring for wound complications, infection, mental 
health symptoms, and return to the emergency depart-
ment or hospital. Third, surgeons may consider coun-
seling patients regarding these potential risks as part of 
shared decision making and discharge planning. These 
practice considerations, while not directly tested in this 
cohort, are supported by the observed associations and 
can help guide risk stratification while future work evalu-
ates targeted interventions. These recommendations have 
not been prospectively tested, and prospective studies are 
needed to determine whether they reduce postoperative 
risk.

Limitations
This study has several limitations. First, reliance on ICD-
10 coding may introduce misclassification bias due to 
variability in documentation and coding practices across 
healthcare organizations. Substance use may be under-
reported due to stigma, lack of routine screening, or 
patient non-disclosure, which could bias results toward 
the null [45, 46]. Additionally, the TriNetX database does 
not capture granular details regarding the frequency, 
quantity, timing, or route of cannabis or nicotine use, all 
of which may influence complication risk. Cannabis diag-
noses are known to be substantially under-ascertained 
in this platform, with an estimated sixfold relative to 
national prevalence, likely related to inconsistent screen-
ing, documentation stigma, or prioritization of primary 
diagnoses during. As a result, the true magnitude of the 
associations observed in this study may differ if cannabis 
exposure were more comprehensively captured and may 
in fact be greater than reported.

While efforts were made to control for polysubstance 
use by adjusting for alcohol, opioids, and other psycho-
active substances, unmeasured confounding may remain. 
Socioeconomic status and mental health, both of which 
may mediate the relationship between substance use and 
postoperative outcomes, could not be assessed due to 
limitations in available data and coding.

Injury Severity Scores (ISS) were also unavailable. To 
partially address this limitation, we adjusted for concur-
rent lower extremity injuries and used umbrella codes 
for nonspecific multiple-injury codes to account for 
polytrauma, although unmeasured injury patterns and 
trauma severity may still contribute to observed compli-
cations. Similarly, the Charlson Comorbidity Index (CCI) 
was not directly available, though its component diagno-
ses were incorporated into propensity score matching.

Timing-related variables were also limited. Time to 
antibiotic administration in open injuries could not 
be reliably determined within the platform. While we 
accounted for whether preoperative antibiotics were 
administered, we were unable to assess the use of topi-
cal antimicrobial formulations or prolonged antibiotic 
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therapy among patients who developed infections after 
the index injury.

Although short-interval postoperative windows (such 
as 30-day or 60-day outcomes) are clinically meaning-
ful, these analyses were not feasible because narrowing 
the follow-up window resulted in event counts below 
the TriNetX minimum cell-size threshold (< 10 patients), 
triggering automatic suppression. Consequently, all out-
comes were analyzed over a standardized 1-year post-
operative period to ensure sufficient event counts and 
comparability across exposure groups.

The TriNetX platform does not report missing data 
rates by variable, and multiple imputation methods were 
not available. Doubly-robust estimation techniques (e.g., 
augmented inverse probability weighting) were similarly 
not supported. Additionally, formal testing of the pro-
portional hazards assumption (e.g., Schoenfeld residuals) 
could not be performed; Kaplan–Meier curves were visu-
ally assessed and showed consistent separation without 
crossing, providing indirect support for this assumption. 
The platform also anonymizes contributing healthcare 
organizations, preventing adjustment for site-level clus-
tering or temporal trends based on calendar year.

Reoperation events could not be stratified by the type 
of surgical procedure or by injury location because sub-
sequent procedures are reported in TriNetX only as 
aggregated procedural categories without CPT-level 
detail linking the event to a specific anatomical site. This 
limitation prevented a more granular characterization of 
reoperation subtype or etiology. Additionally, only all-
cause readmission could be measured; the platform does 
not support categorization of readmission by surgical, 
medical, or psychosocial cause. This limitation restricts 
interpretation of underlying readmission drivers, which 
may reflect surgical complications, medical events, psy-
chosocial factors, or access-to-care barriers.

We were unable to perform sensitivity analyses using 
stricter cannabis exposure definitions—such as requiring 
multiple F12 encounters—or to substratify by fracture 
type or anatomical location, because these approaches 
reduced event counts below the TriNetX privacy thresh-
old or prevented successful matching. The platform also 
does not provide access to clinician notes or toxicol-
ogy data, limiting our ability to further refine exposure 
specificity.

Despite these limitations, the use of a large, nation-
ally representative dataset and rigorous propensity score 
matching substantially strengthens internal validity and 
supports the generalizability of these findings.

Conclusion
In this large retrospective database study, both canna-
bis and nicotine use were independently associated with 
increased postoperative complications following surgical 

fixation of upper extremity fractures. Cannabis use was 
linked to significantly higher rates of implant-related 
infection, reoperation, readmission, and mood disor-
ders. These findings raise concern for cannabis-mediated 
impairments in antimicrobial immunity, bone healing, 
and psychosocial recovery. Nicotine use was associated 
with an even broader range of adverse outcomes, includ-
ing wound dehiscence, superficial and deep infection, 
nonunion or malunion, pneumonia, chronic pain, and 
increased mortality, findings consistent with its well-
established effects on immune and vascular health. Con-
current use of cannabis and nicotine did not demonstrate 
statistically significant additive effects, though this com-
parison was limited by sample size and by the absence of 
formal interaction testing; therefore, the lack of detected 
synergy should not be interpreted as conclusive evidence 
against additive biological effects. Taken together, these 
findings underscore the importance of standardized 
substance-use screening and targeted perioperative plan-
ning for orthopaedic trauma patients. Future prospective 
and translational studies are needed to define substance-
specific microbial patterns, immunologic pathways, and 
optimal prophylactic strategies, including extended anti-
biotic coverage and local antimicrobial delivery, to reduce 
complications and improve outcomes in this growing at-
risk population.
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