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Abstract

Background/Objectives: Gender-affirming surgery (GAS) is associated with improved
mental health outcomes in transgender and gender-diverse (TGD) individuals. However,
TGD populations experience disproportionately high rates of substance use disorders
(SUDs), which are established risk factors for surgical complications. Despite this, the
relationship between preoperative SUDs and postoperative outcomes following GAS has
not been studied. Our objective was to evaluate how specific SUD subtypes, including
tobacco, alcohol, and cannabis, impact short- and medium-term postoperative complica-
tions following GAS. Methods: A retrospective cohort study was conducted using the
TriNetX Research Network, which includes de-identified electronic health records from
over 100 million U.S. patients. Adults with documented gender dysphoria who underwent
GAS between April 2015 and April 2025 were included. Patients were divided into four
groups: no SUD, tobacco use, alcohol use, and cannabis use. Propensity score matching
was used to control for demographic variables. Postoperative complications were assessed
at 30 days and 6 months. Results: Alcohol use was significantly associated with increased
rates of delayed wound healing, wound dehiscence, gastrointestinal symptoms, and post-
operative pain at both 30 days and 6 months. Cannabis use was linked to higher rates of
wound dehiscence, infections, GI symptoms, and pain. Tobacco use showed the broadest
impact, significantly associated with nearly all complications measured except pain at
30 days. These associations persisted at six months. Conclusions: This is the first study to
quantify the relationship between substance use and GAS outcomes. Preoperative use of
tobacco, alcohol, and cannabis was independently associated with increased postoperative
complications. These findings underscore the need for systematic preoperative screening
and the development of SUD-specific perioperative care pathways to improve outcomes
and advance equity in surgical care for TGD patients.
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1. Introduction
Gender-affirming surgery (GAS) is a critical intervention for transgender and gender-

diverse (TGD) individuals, with well-documented reductions in psychological distress
and suicidality [1]. However, TGD populations face disproportionately high rates of sub-
stance use disorders (SUDs); their rate is 30% greater than their cisgender peers, driven
by systemic inequities and minority stress [2]. A 2023 cohort study of 200,816 surgical
patients found that the co-occurrence of smoking and risky alcohol use increased postop-
erative complications (e.g., infections and wound dehiscence) by 1.5–2.9 times compared
to non-users, highlighting the urgency of addressing SUDs in surgical populations [3].
While surgical access expands, preoperative risk stratification remains underdeveloped,
particularly regarding SUDs as modifiable predictors of postoperative outcomes.

Substance use disorders are established risk factors for surgical complications, in-
cluding infections, prolonged recovery, and readmissions. It has been established that
opioid use heightens thromboembolic risks, while chronic alcohol consumption impairs
wound healing and immune function [4,5]. Despite these established risks, no studies
have examined how SUDs influence outcomes in GAS, where unique anatomical factors
(e.g., estrogen-associated hypercoagulability in transfeminine patients) and psychosocial
stressors may exacerbate vulnerabilities.

This study addresses this gap by analyzing a national cohort, via the TriNetX Research
Network, to test the hypothesis that preoperative substance use will independently predict
adverse outcomes following GAS. Unlike prior research emphasizing mental health out-
comes, we identify modifiable surgical risks and high-impact SUD subtypes (e.g., cannabis
and alcohol) to inform tailored perioperative protocols. The objectives are to (1) quantify
complication rates associated with SUD subtypes, (2) identify high-risk procedures, and
(3) inform tailored perioperative protocols to improve equity in surgical care for TGD
patients. We hypothesize that the presence of any SUDs will be independently associated
with increased postoperative complications following GAS, with variability expected in
magnitude across substance types.

2. Methods
2.1. Data Source

This study was a retrospective observational cohort study utilizing the TriNetX Re-
search Network, a global federated health research platform that provides de-identified
electronic health record (EHR) data from over 69 healthcare organizations (HCOs) across
the United States. The network includes hospitals, outpatient centers, and academic
institutions, covering more than 113 million unique patients. Available data include demo-
graphics, diagnoses, procedures, medications, and laboratory results. Because the data are
de-identified and aggregated at the institutional level, this study qualified as being exempt
from Institutional Review Board (IRB) approval.

2.2. Study Design and Population

The study population consisted of patients treated between 1 April 2015 and 1 April
2025. Inclusion criteria required patients to be 18 years or older, have a documented
diagnosis of gender dysphoria, and have undergone gender-affirming surgery. Gender
dysphoria was identified using ICD-10 codes F64.0 (transsexualism), F64.1 (dual-role
transvestism), F64.2 (gender identity disorder of childhood), F64.8 (other gender identity
disorders), and F64.9 (gender identity disorder, unspecified). Gender-affirming surgical
procedures were identified using validated CPT codes, including mastectomy (19303
and 19304), breast augmentation (19325), vaginoplasty (55970), metoidioplasty (55980),
phalloplasty (55899), hysterectomy (58150 and 58260), and orchiectomy (54530). Surgical
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procedures were confirmed through provider-entered CPT codes within the electronic
health records.

2.3. Cohort Definition

Patients were divided into four non-overlapping groups based on their documented
substance use and transgender status before surgery. The control group had no history
of substance use. The tobacco group included patients diagnosed with tobacco use using
ICD-10 codes such as F17.200, F17.201, F17.210, F17.211, F17.220, and similar. The cannabis
group included patients with cannabis use identified by ICD-10 codes such as F12.10, F12.20,
F12.21, and related codes. The alcohol group included patients diagnosed with alcohol use
with codes such as F10.10, F10.20, F10.21, and similar. Each patient was assigned to only
one group to avoid overlap.

2.4. Outcome Measures

We evaluated complications occurring within 30 days and 6 months after gender-
affirming surgery using ICD-10 codes. Delayed wound healing was captured with
codes T81.89XA, L89.90, and L98.8. Wound dehiscence was identified using T81.30XA to
T81.32XA. Surgical site infection was recorded using T81.4XXA and L08.9. Postoperative
nausea, vomiting, and diarrhea were assessed with R11.0, R11.2, R11.10, and K52.9. Surgical
site pain was recorded using G89.18 and G89.28.

2.5. Statistical Analysis

To reduce the effects of confounding variables, propensity score matching was per-
formed. Patients were matched 1:1 based on age, race, ethnicity, and sex documented in the
EHRs using a nearest neighbor algorithm with a caliper of 0.1 pooled standard deviations.
Risk ratios and p-values were calculated to compare the incidence of complications between
cohorts. Statistical significance was determined at a two-tailed p-value threshold of less
than 0.05. Analyses were conducted using the statistical modules available through the
TriNetX platform. Because of the retrospective design and use of observational data, the
findings represent associations rather than causal relationships.

3. Results
Thirty days following gender-affirming surgery, alcohol use was associated with a

significantly increased risk of delayed wound healing (RR: 2.198, p = 0.0139); wound dehis-
cence (RR: 1.398, p = 0.0419); nausea, vomiting, and diarrhea (p = 0.0046); and postoperative
surgical site pain (RR: 1.488, p = 0.0431). Alcohol use was not significantly associated with
surgical site infections at 30 days (RR: 1.487, p = 0.1148). Cannabis use was significantly
associated with higher rates of wound dehiscence (RR: 1.694, p = 0.0002), surgical site
infection (p = 0.0138), and nausea, vomiting, and diarrhea (RR: 2.488, p = 0.0089), but it was
not significantly associated with delayed wound healing (RR: 0.977, p = 0.9857) or postop-
erative surgical site pain (RR: 1.039, p = 0.7685). Tobacco use demonstrated a significant
association with delayed wound healing (RR: 1.526, p = 0.0034), wound dehiscence (RR:
1.423, p = 0.0001), surgical site infection (RR: 1.506, p < 0.0001), and nausea, vomiting, and
diarrhea (RR: 2.603, p < 0.0001), but was not significantly associated with postoperative
surgical site pain (RR: 0.854, p = 0.1766) (Table 1).

Six months following surgery, alcohol use continued to show significant associa-
tions with delayed wound healing (RR: 2.682, p = 0.0217); wound dehiscence (RR: 1.598,
p = 0.0019); nausea, vomiting, and diarrhea (RR: 2.427, p < 0.0001); and postoperative
surgical site pain (RR: 1.698, p = 0.0002). However, no significant association was found
with surgical site infections (RR: 1.703, p = 0.3331). Cannabis use was associated with
significantly higher rates of wound dehiscence (RR: 2.012, p = 0.0004); surgical site infec-
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tion (RR: 1.651, p < 0.0001); nausea, vomiting, and diarrhea (RR: 3.719, p < 0.0001); and
postoperative surgical site pain (RR: 1.842, p = 0.0006). However, cannabis use was not
significantly associated with delayed wound healing (RR: 1.284, p = 0.4497). Tobacco use
remained significantly associated with delayed wound healing (RR: 1.738, p < 0.0001);
wound dehiscence (RR: 1.709, p = 0.0265); surgical site infection (RR: 2.004, p < 0.0001);
nausea, vomiting, and diarrhea (RR: 2.572, p < 0.0001); and postoperative surgical site pain
(RR: 1.512, p = 0.0002) at six months (Table 2).

Table 1. Regression analysis evaluating associations between substance use and complications 30
days following gender-affirming surgery.

Outcomes Risk Ratio 95% Confidence Interval p-Value

Delayed wound healing

Cannabis 0.977 (0.388, 2.461) 0.9857

Tobacco 1.526 (1.185, 1.846) 0.0034

Alcohol 2.198 (1.147, 4.986) 0.0139

Wound dehiscence after procedure

Cannabis 1.694 (1.297, 2.296) 0.0002

Tobacco 1.423 (1.203, 1.763) 0.0001

Alcohol 1.398 (1.021, 1.805) 0.0419

Surgical site infection

Cannabis 1.369 (1.034, 1.859) 0.0138

Tobacco 1.506 (1.326, 1.701) <0.0001

Alcohol 1.487 (0.885, 2.627) 0.1148

Nausea, vomiting, and diarrhea

Cannabis 2.488 (1.215, 5.103) 0.0089

Tobacco 2.603 (1.729, 3.584) <0.0001

Alcohol 2.571 (1.273, 5.299) 0.0046

Postoperative surgical site pain

Cannabis 1.039 (0.671, 1.684) 0.7685

Tobacco 0.854 (0.623, 1.105) 0.1766

Alcohol 1.488 (1.008, 2.272) 0.0431

Table 2. Regression analysis evaluating associations between substance use and complications six
months following gender-affirming surgery.

Outcomes Risk Ratio 95% Confidence Interval p-Value

Delayed wound healing

Cannabis 1.284 (0.604, 2.728) 0.4497

Tobacco 1.738 (1.503, 2.080) <0.0001

Alcohol 2.682 (1.019, 6.892) 0.0217

Wound dehiscence after procedure

Cannabis 2.012 (1.372, 2.951) 0.0004

Tobacco 1.709 (1.559, 1.911) 0.0265

Alcohol 1.598 (1.199, 2.133) 0.0019
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Table 2. Cont.

Outcomes Risk Ratio 95% Confidence Interval p-Value

Surgical site infection

Cannabis 1.651 (1.532, 1.780) <0.0001

Tobacco 2.004 (1.812, 2.249) <0.0001

Alcohol 1.703 (0.611, 4.818) 0.3331

Nausea, vomiting, and diarrhea

Cannabis 3.719 (2.281, 6.266) <0.0001

Tobacco 2.572 (2.109, 3.113) <0.0001

Alcohol 2.427 (1.662, 3.512) <0.0001

Postoperative surgical site pain

Cannabis 1.842 (1.287, 2.646) 0.0006

Tobacco 1.512 (1.217, 1.862) 0.0002

Alcohol 1.698 (1.271, 2.271) 0.0002

4. Discussion
Substance use was associated with a range of complications following gender-

affirming surgery, both in the short term and at six months. At 30 days, alcohol use
was significantly linked to delayed wound healing, wound dehiscence, gastrointestinal
symptoms, and postoperative pain. Cannabis was associated with wound dehiscence,
surgical site infections, and gastrointestinal symptoms. Tobacco use showed the broadest
impact, with significant associations across nearly all complications except postoperative
pain. These patterns remained consistent at six months. Cannabis became significantly
associated with postoperative pain, and both alcohol and tobacco continued to show strong
links to delayed healing, wound complications, and gastrointestinal symptoms.

Transgender and gender-diverse (TGD) individuals in the U.S. experience dispropor-
tionately high rates of substance use, often shaped by stigma, discrimination, and limited
access to affirming care. A systematic review found substance use in up to 40% of TGD sam-
ples, frequently alongside elevated rates of depression, suicidality, and trauma exposure [6].
In one study, over a quarter of transmasculine adults reported using substances to cope with
mistreatment in healthcare settings, with direct experiences of discrimination—such as be-
ing refused care—strongly linked to this behavior [6]. Anticipated stigma also contributed
to avoiding care, compounding the challenge. Structural stigma, including systemic ex-
clusion, provider bias, and institutional neglect, has been increasingly recognized as a
determinant of poor health outcomes and elevated substance use among TGD popula-
tions [7]. As Costa (2023) notes, these barriers operate across multiple levels of society and
healthcare systems, reinforcing patterns of minority stress that contribute to self-medication,
disengagement from care, and worsened surgical recovery [8]. These findings highlight
how social stressors can shape patterns of substance use in this population. Given these
overlapping risks and barriers, more research is needed to understand how substance use
may affect clinical outcomes in TGD individuals, particularly in the context of gender-
affirming procedures.

TGD individuals who are contemplating GAS may face elevated biological and physi-
ological risk when undergoing GAS, particularly in connection with substance use. Sub-
stances such as tobacco, alcohol, and cannabis are associated with higher use within
this population, each posing distinct risks that may compromise surgical outcomes. The
pathological effects tobacco use has been shown to have include vasoconstrictive effects
and reduction in tissue perfusion, increasing the likelihood of ischemia during and after
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surgery [6]. In our study, a six-month postoperative follow-up revealed a 1.7-fold increased
risk of wound dehiscence among tobacco users. National data further aids this premise; a
national study found that transgender adults were associated with a higher frequency of to-
bacco products in a 30-day period (39.7% vs. 25.1%) and current use of cigarettes (35.5% vs.
20.7%), cigars (26.8% vs. 9.3%), and e-cigarettes (21.3% vs. 5.0%) than cisgender adults [7].
These increased levels of substance use reflect the role of social determinants, including
structural discrimination, marginalization, and participation in sex work—settings where
tobacco and other substance use may be more prevalent [9,10].

The consumption of alcohol poses additional risks, especially concerning negative
effects on the immune system and the prolonged post-surgical recovery process. Excessive
alcohol consumption can result in decreased immune function which, on the other hand,
decreases the body’s ability to combat postoperative infections [11]. Ultimately, in our
study, we saw a higher risk ratio (2.5) for alcohol-related outcomes regarding gastrointesti-
nal symptoms 30 days following GAS compared to other outcome categories measured.
Other studies indicate that transgender individuals exhibit elevated levels of alcohol use,
complicating surgical interventions [12]. For transgender individuals with higher alcohol
use interested in GAS, our findings support the need for careful management of substance
consumption pre- and post-surgery [11].

It is essential to understand the association between SUD and hormone therapy in
TGD patients. Hormones used in gender-affirming hormone therapy, such as estrogen and
testosterone, have to be examined as they present different risks that can be exacerbated by
substance use, especially during recovery and medical treatments. Research has demon-
strated that estrogen is associated with increased coagulation; thus, the extravasation of a
thrombotic risk is a major concern [13]. This risk is particularly alarming for those who may
be prone to hypercoagulable states, such as those with higher substance use, which can
alter normal physiological reactions and recovery [14,15]. Estrogen therapy is commonly
prescribed to transgender women, which raises the risk of venous thromboembolism (VTE),
a major health concern for patients with underlying conditions that affect normal physio-
logical responses [16]. For individuals with SUD, particularly those who may already have
compromised vascular health due to substance use, the potential for thrombotic events
becomes significantly alarming [17].

The role of testosterone in metabolism and inflammation can be distinguished as a
metabolic factor (in the sense of causing obesity or other obesity-related conditions) that
might complicate surgical outcomes. Elevated testosterone levels disturb lipid metabolism,
which in turn leads to dyslipidemia that has an association with high cardiovascular
probabilities like stroke and myocardial infarction [17,18]. Furthermore, research showed
that testosterone can be the cause of fat redistribution, in particular visceral fat, which
speeds up disease development when combined with drug and alcohol dependence [19].
This interplay suggests that TGD individuals undergoing testosterone treatment may have
an increased risk of complicated conditions if they are also handling higher levels of
substance use. This, in turn, forms a cycle of both physical and psychological stress, which
hinders the recovery process.

There is an urgent need for the systematic assessment and implementation of inter-
ventions that aim to reduce and screen for substance-use-related risk and consequently
improve recovery results. Preoperative substance use screening and early identification
are the primary steps to attaining this goal. By embedding these practices into the surgical
protocol, healthcare providers can proactively identify the possible complications that are
likely to be encountered, resulting in a more precise and effective perioperative scheme for
patients with SUD.
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4.1. Preoperative SUD Screening and Identification

Implementing a standardized substance use screening protocol would enable health-
care providers to diagnose at-risk patients in the preoperative setting. Evidence shows that
the transgender population has higher rates of substance use, likely due to stress factors
such as discrimination, social stigma, and mental health concerns [20,21]. Foreknowledge
of these social factors ensures more accurate risk factoring and better preoperative plan-
ning. As a result, standardized mental health assessments and routine surgical evaluations
would aid in prompt interventions, which in turn would lower the possibility of surgical
complications associated with substance use [22,23].

4.2. Specific Plans After Surgery

After identifying high levels of substance use, the next step is to implement specific
postoperative plans that are meant for management. An example could be the launching
of a tobacco cessation program, which would have the most profound effect in reducing
the risks associated with impaired wound healing and increased thrombotic events [23,24].
Interventions that provide behavioral health support and educational resources concerning
alcohol and illicit drug use could likewise improve outcomes for TGD individuals with
SUD [25]. Taking into consideration individual patient histories can also personalize
postoperative care plans while implementing the comprehensive management of both
surgical and substance use needs.

4.3. Limitations

The present research has several limitations. One major challenge stems from our
reliance on existing electronic health records (EHRs) and ICD-10 coding, which may lack
uniformity or completeness. Specifically, ICD-10 codes may not fully capture the frequency,
duration, timing, or severity of substance use, and underreporting may occur due to
patient stigma or clinician bias. Our classification of substance use was based solely on
diagnosis codes, which do not reliably differentiate between active use at the time of surgery
and historical or resolved use. This limitation may lead to misclassification and bias the
magnitude of associations observed.

Additionally, while the dataset is large, the population sample size for each subgroup
may limit generalizability to all transgender and gender-diverse (TGB) patients. Our
retrospective design introduces potential for confounding variables not fully controlled in
our analysis, such as socioeconomic status, comorbidities, and access to care. Although
we used propensity score matching to mitigate demographic imbalances such as age, sex,
race, and ethnicity, important clinical variables such as diabetes, body mass index (BMI),
psychiatric illness, and hormone therapy status were not available and may confound
the observed associations. These clinical factors have known impacts on wound healing,
immune function, and surgical recovery and should be included in future analyses when
data availability allows.

While we used matching to mitigate demographic imbalance, future studies should
employ multivariate regression models and sensitivity analyses to strengthen causal infer-
ence. Another key limitation is the absence of hormone therapy data; this is a potentially
important modifier of surgical risk, given its impact on vascular and metabolic health.
Future investigations should explore the interaction between substance use and gender-
affirming hormone therapy on surgical outcomes.

Finally, we recommend future prospective studies with larger, more diverse samples
and longer-term follow-ups to better capture the nuances of substance use and postopera-
tive complications in this high-risk population. Therefore, these drawbacks indicate the
necessity for a more inclusive approach in future studies. This may include increasing the
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sample size, encouraging cross-site collaboration between databases, and improving data
collection methods. Additionally, patients may underestimate their substance use in order
to avoid shame or guilt in fear of judgment or biases from their clinicians. Longer studies
with extensive follow-ups examining this important topic regarding SUDs and GAS are
necessary to further report factors that can impede recovery and surgery outcomes among
this vulnerable population.

4.4. Future Research Directions

There exists a gap in the prospective research efforts that seek to evaluate the per-
formance of SUD interventions perioperatively, which are organized and applied in the
context of GAS. Contingency management is a behavioral cognitive tool used by mental
health clinicians to help individuals with heavy alcohol consumption [26]. Perhaps future
studies can examine how TGD patients who have SUD may benefit from contingency
management and how it may influence SUD and GAS. Creating a personalized and tailored
approach to treating and optimizing the treatment of SUD before patients undergo GAS
is vital. Future research can prioritize studies that aim to identify the effects of unique
programs pertaining to behavioral counseling methods [21,27]. Examples of such programs
would promote positive reinforcement in achieving abstinence goals. Additionally, the
research by Tuten et al. demonstrates the great possibilities of reinforcement strategies that
can support populations to work towards abstinence [28]. In the modern age of apps and
personalization of algorithms, Alessi and Petry investigated the implementation of mobile
technology-based contingency management for alcohol abstinence, which shows that the
method can bring new perspectives to the healing process, especially for people battling
addiction and mental and social health challenges [29]. With this, experts can look at the
benefits of how an app-based therapy approach could influence the outcomes for TGD
patients who have undergone SUD in both pre and postop periods. The results of these
studies would be crucial in determining the most effective ways to handle the distinct and
complex challenges that TGD patients with SUDs encounter. These studies would aid in
creating tailored, evidence-based approaches solely directed at this vulnerable population.

5. Conclusions
This study is the first to quantify the association between specific substance use and

postoperative complications in patients undergoing gender-affirming surgery. Our findings
reveal that preoperative substance use—particularly tobacco, alcohol, and cannabis—is
independently associated with an increased risk of adverse outcomes both 30 days and
6 months after surgery. Notably, tobacco use was consistently linked to the broadest spec-
trum of complications, including impaired wound healing and infection, while cannabis
use showed the strongest association with gastrointestinal symptoms. These results un-
derscore the urgent need for systematic preoperative screening and targeted perioperative
protocols that address substance use in transgender and gender-diverse patients. Tailoring
surgical care through early identification, harm reduction strategies, and SUD-specific
interventions can improve postoperative outcomes and promote equitable care delivery.
Future prospective studies are essential to evaluate the effectiveness of these interventions
and develop best practices for optimizing surgical recovery in this high-risk population.
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