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ABSTRACT

Objective: To investigate the association of Cannabis Use Disorder (CUD) with new diagnoses of lower urinary tract symptoms (LUTS) in a young adult cohort.
Methods: Using the TriNetX database, we identified patients aged 18-34 and stratified by sex and CUD diagnosis into cohorts. Propensity score matching was utilized
on demographics and variables potentially affecting LUTS. The primary outcomes were 5-year risks of new onset lower urinary tract diagnoses, including all-cause
LUTS, dysuria, pelvic/perineal pain, overactive bladder, and urinary tract infection, among patients with CUD compared to controls.

Results: We identified 101,761 and 67,110 matched pairs of males and females, respectively. At 5-year follow-up, CUD was associated with a higher risk of new onset
of all-cause LUTS in males (RR 1.69, 95% CI 1.60-1.80, P < .01) and females (RR 1.81, 95% CI 1.73-1.89, P < .01) compared to controls. Increased risks of dysuria,
pelvic/perineal pain, and urinary tract infection were observed in both male and female CUD patients compared to controls (all P < .01). CUD was not associated
with overactive bladder in either males or females.

Conclusion: In a cohort of young adults, CUD was associated with a greater risk of developing LUTS in both men and women. Further research is needed to define the

impact of cannabinoids on lower urinary tract function.

The rapid expansion of cannabis legalization has altered the public
health landscape in the United States. As of 2025, 24 U.S. states, 3 U.S.
territories, and Washington D.C. have legalized recreational marijuana
use, and another 7 states have decriminalized its use. Cannabis use
disorder (CUD), defined as continued cannabis use despite clinically
significant impairment (eg, failure to fulfill major role obligations,
physical hazard, and interpersonal problems) or distress, is most pre-
valent among young adults, with a median age at onset of 22 years."
The risk of developing CUD increases with the frequency and duration
of use.”® Given the high prevalence of cannabis use among young
adults, the long-term health consequences of cannabis use are im-
portant to assess.

The impact of CUD on the urological system is not clear.
Cannabinoid receptors are G-protein coupled receptors located
throughout the lower urinary tract, including the urothelium, sub-ur-
othelial nerve plexus, bladder, prostate, and urethra.” Chronic cannabis
usage promotes increased receptor stimulation affecting host in-
flammatory response and defense against infection through increased
expression of IL-1a, IL-1B, and TNF- a.>* Cannabinoids also mediate
pain perception, urgency, and autonomic nerve function mediated
through capsaicin-sensitive mucosal afferents.”® This may manifest as

symptoms of dysuria or chronic pelvis pain with receptor dysfunc-
tion.”>”-* While some evidence suggests cannabinoids may have ther-
apeutic potential in neurogenic bladder dysfunction and pain, there is a
lack of robust randomized controlled trials to determine causality.”"°
Conversely, other studies suggest a dose-response relationship between
cannabis use and risk of stress, urge, and mixed urinary incontinence in
females.'' Interestingly, CUD has been shown to potentially have a
protective effect on the development of lower urinary tract symptoms
(LUTS) in adult males; however, evidence is conflicting.'>'® For both
male and female pediatric patients, CUD has been associated with in-
creased risk of developing LUTS.'" Further, proteomic analyses suggest
exogenous cannabinoids may activate or inhibit signaling pathways in
the lower urinary tract.® These pathways can be altered through chronic
exposure, potentially leading to increased immune response activation
and resulting in chronic inflammatory processes and voiding dysfunc-
tion.' !¢

The inconclusive evidence between cannabis use and its impact on
the development of LUTS highlights the necessity for large-scale, po-
pulation-based investigation to clarify these associations and help focus
the scope of future investigations. The young adult population is par-
ticularly interesting in elucidating the association between LUTS and
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CUD. Reduced confounding from age-related LUTS etiologies allows
any potential observed associations to be more confidently attributed to
the exposure of CUD itself rather than benign prostatic hyperplasia,
age-related detrusor changes, or other accumulated comorbidities such
as diabetes and obesity.'”'® Additionally, young adults have baseline
low LUTS prevalence, which allows any increase in LUTS attributable to
cannabis to become more detectable.'® The combination of high ex-
posure prevalence of cannabis use in young adults and low outcome
prevalence allows for assessment of whether or not CUD increases
LUTS."?

To address this knowledge gap, we investigated the longitudinal
relationship between CUD and new-onset LUTS diagnoses in previously
healthy young adults using a large global claims database. We hy-
pothesized that CUD would be associated with a higher likelihood of
subsequent LUTS among young adults compared to patients without a
diagnosis of CUD.

METHODS
Data Source and Study Design

We conducted a retrospective cohort study using the TriNetX re-
search network, which provides access to de-identified electronic
medical records (diagnoses, procedures, medications, and demo-
graphics) from patients across healthcare organizations nationwide.
Data used in this study was collected and analyzed as of December 19,
2025. The TriNetX research network operates in compliance with the
Health Insurance Portability and Accountability Act. Data within the
platform are deidentified in accordance with a formal determination by
a qualified expert, consistent with Section §164.514(b)(1) of the Health
Insurance Portability and Accountability Act Privacy Rule. Because this
analysis relied exclusively on deidentified records and did not involve
access to individually identifiable patient information, it qualified for
exemption from Institutional Review Board oversight. Accordingly,
results are reported only as aggregate counts and summary statistics to
ensure the continued protection of patient privacy.

Cohorts and Outcome Measures

We identified young adult patients aged 18-34 years. This age range
was selected in accordance with the United States Census Bureau’s
definition of young adults.'® The study population was stratified by sex
to create distinct male and female cohorts, which were analyzed in-
dependently to account for physiological differences. The exposure
group consisted of patients with a diagnosis of CUD. The CUD diagnosis
served as a point-in-time index event; patients were not required to
have persistent CUD diagnostic codes at subsequent follow-up intervals
to remain in the exposure cohort. The control group included patients
seeking medical care without a diagnosis of CUD. To isolate new-onset
LUTS specifically associated with CUD, we excluded patients with
congenital malformations of the urinary or neurological system, a his-
tory of urologic surgery, prior urologic malignancy, history of renal
calculus, or prior use of medications that may affect urinary function
(eg, diuretics, anticholinergics, and 5-alpha reductase inhibitors) and a
previous history of LUTS diagnosis prior to CUD diagnosis. The com-
prehensive list of billing codes used is displayed in Supplementary
Table 1. The index event was defined as the first documentation of CUD
or medical encounter within the study time frame for our experimental
and control groups, respectively.

The primary outcomes were the 5-year rates of new lower urinary
tract disorder diagnoses, including all-cause LUTS as a composite measure
(defined as polyuria, painful micturition, or other difficulties with mic-
turition), dysuria, pelvic and perineal pain, overactive bladder (OAB), and
urinary tract infection (UTI). Secondary outcomes included incident LUTS
diagnoses at 1 and 3 years. In both female and male cohort, rates were
compared between patients with CUD and matched controls. Incident
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LUTS diagnoses at 1-, 3-, and 5-years were analyzed as independent in-
tervals. These specific time points were selected to align with recent lit-
erature investigating cannabis-related urologic outcomes."”

Statistical Analysis

Rates of lower urinary tract diagnoses were evaluated using the
analytic tools available within the TriNetX platform. To improve com-
parability between exposure groups, patients with CUD were matched
1:1 to controls using propensity scores. TriNetX implements a nearest-
neighbor matching approach, pairing each exposed patient with a
control subject who has the closest estimated propensity score. This
matching process proceeds sequentially and does not reconsider pre-
viously assigned matches. A caliper width of 0.1 pooled standard de-
viations was applied to restrict matches to individuals with sufficiently
similar propensity scores, thereby reducing imbalance between cohorts.
Propensity score matching was performed using the following covari-
ates: demographics (age at index event, race, and ethnicity) and re-
levant comorbidities including mental, behavioral, and neurodevelop-
mental disorders, nicotine dependence, alcohol-related disorders, body
mass index, and diabetes mellitus. For the female cohort, pregnancy,
childbirth, and the puerperium were included as additional matching
covariates, as pregnancy and potential complications have previously
been associated with the development of LUTS.” Cohort balance was
assessed using the standardized difference, with a value of < 0.1
considered indicative of adequate matching. We calculated risk ratios
(RR) with 95% confidence intervals (CI) to compare outcomes, and
statistical significance was assessed using a Z test. A P value < .05 was
considered statistically significant.

RESULTS

Prior to matching, we identified 68,600 females and 106,330 males
with CUD, alongside 4514,616 female and 4017,406 male controls
without CUD. Following propensity score matching, we had a final
study population of 67,110 female matched pairs and 101,761 male
matched pairs. Post-matching analysis confirmed that all baseline
characteristics were well-balanced between groups across demographic
and comorbid covariates (Tables 1 and 2).

Figure 1 displays the results of our primary outcomes. For both
males and females, CUD was significantly associated with higher risk of
all-cause LUTS, dysuria, pelvic pain, and UTI 5 years after CUD diag-
nosis (all P < .01) (Fig. 1A and B). No relationship was observed for
OAB at this time point for males or females (P = .30 and .92, respec-
tively) (Fig. 1A and B).

Females diagnosed with CUD demonstrated a significantly increased
risk of developing LUTS compared to matched controls at 1 and 3 years
of follow-up. At the 1-year follow-up, the risk of all-cause LUTS was
significantly elevated among patients with CUD compared to controls
(RR 2.65; 95% CI 2.41-2.91). While the RR decreased over time, it re-
mained significantly elevated at 5 years (RR 1.81; 95% CI 1.73-1.89).
Among specific subtypes, UTIs showed the highest initial risk associa-
tion (RR 3.97; 95% CI 3.57-4.43) at 1 year. There was not enough data
for analysis of OAB at the 1-year interval, and OAB diagnoses did not
show a statistically significant association with CUD at the 3-year time
point (Table 3).

Males with CUD exhibited similar trends, showing a significantly
elevated risk for LUTS compared to controls at all time points. The risk
for all-cause LUTS was highest at the 1-year follow-up (RR 2.52; 95% CI
2.21-2.88) and remained significant at 5 years (RR 1.69; 95% CI 1.60-
1.80). Dysuria, pelvic/perineal pain, and UTI were consistently asso-
ciated with CUD, with pelvic pain showing a sustained elevation in risk
from 1 year to 5 years. Similar to the female cohort, OAB did not de-
monstrate a significant association with CUD at the 3-year (P = .53) or
5-year mark (P = .30), and data were insufficient for analysis at the 1-
year time point (Table 3).
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the highest risk for pelvic and perineal pain, suggesting a potential
chronic inflammatory effect or pelvic floor dysfunction unique to male
physiology. Interestingly, OAB was not significantly associated with
CUD in either sex. This result is contradictory to prior work, which
showed an association of cannabis use and increased risk of OAB across
various frequencies of cannabis use.'” However, this data relied on
survey design and self-reported cannabis use. Furthermore, their cohort
was older with a median age of 39, nearly double the median age of our
cohort. Overall, our results suggest that cannabis-related LUTS may be
linked to pain pathways, inflammatory processes, or voiding dysfunc-
tion rather than detrusor overactivity, although further mechanistic
studies are needed.

Several pathophysiological mechanisms may explain these findings.
Cannabinoid receptors are present throughout the bladder and urethra
and are known to influence sensation, inflammation, and the local im-
mune response.””>* Chronic exposure to cannabinoids can induce im-
munomodulation, potentially altering the host defense against infec-
tion.”® Additionally, cannabinoids have neurogenic effects that can alter
pain perception and autonomic nerve function, which may manifest
clinically as dysuria or chronic pelvic pain.”**>*” Despite these known
effects, the null effect observed in OAB deserves special consideration.
While cannabinoid receptors are expressed in the bladder urothelium
and nerve endings, preclinical evidence indicates that cannabinoid ago-
nizts do not have a direct myorelaxant or stimulatory effect on agonist-
induced detrusor smooth muscle contractions.” In fact, the en-
docannabinoid system constitutively downregulates sensory bladder
function, with early preclinical evidence showing that receptor activation
may affect bladder afferent sensitivity and counteracting bladder over-
activity.® Consequently, the chronic cannabinoid exposure characteristic
of a CUD diagnosis lacks a clear biological mechanism to induce the
detrusor hyperactivity or sensory urgency that defines OAB. This neu-
robiological framework strongly supports our epidemiological findings,
reinforcing the concept that cannabis-related urologic dysfunction in a
young adult cohort is primarily driven by localized inflammatory re-
sponses and altered pain perception, rather than motor dysfunction.

Beyond biological mechanisms, behavioral factors common among
those with CUD, such as delayed medical care, may also contribute to
symptom development.”® Furthermore, despite matching for mental
health diagnoses, we could not account for the varied severity of these
conditions, which are known to influence lower urinary tract function.

These results contribute to a complex body of literature character-
ized by conflicting findings, where cannabinoids have been investigated
for both therapeutic potential and adverse effects.'>'® Our findings
contrast with previous studies that suggest a protective effect of can-
nabis on male LUTS.'® However, this work included patients aged 20-
59, was cross-sectional in design, and relied on self-report of LUTS
symptoms.” Our findings build upon Grutman et al's recent pediatric
study.'? Unlike their findings, where no association with all-cause LUTS
was observed, our cohort demonstrated a robust, statistically significant
increase in risk for both sexes. This suggests that the clinical pre-
sentation of urologic dysfunction in young adults may be distinct from
adolescents, as evidenced by a significant association with the compo-
site LUTS outcome that was absent in the pediatric study. However,
consistent with the pediatric data, we confirmed elevated risks for
dysuria, pelvic pain, and UTIs in both males and females. The con-
sistency of these findings across developmental stages may suggest
shared underlying biological or behavioral factors, potentially invol-
ving inflammatory pathways or altered pain perception, although
dedicated mechanistic studies are needed.

This study has several strengths. Its use of a large, multi-institutional
claims database allows for a robust sample size and is able to capture
long-term follow-up. The use of a sex-stratified analyses investigates
potential sex-related differences in how cannabis influences the urinary
system given the unique anatomical considerations. Throughout the
analysis, propensity score matching achieved excellent covariate bal-
ance in the cohorts. By restricting the analysis to new-onset LUTS, we
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reinforce temporal ordering between CUD diagnosis and LUTS onset,
thereby reducing the likelihood that preexisting urinary symptoms in-
fluenced CUD diagnosis.

This study is not without limitations. A critical limitation of this
study is the inherent reliance on administrative claims data, which in-
troduces significant potential for ascertainment bias and diagnostic
misclassification. Furthermore, individuals who receive a CUD diag-
nosis are, by definition, actively engaging with the healthcare system.
This differential healthcare utilization inherently raises the probability
of capturing subsequent medical encounters, including new LUTS di-
agnoses, compared to a potentially less-engaged control cohort. While
we attempted to mitigate this by robustly matching for comorbidities
that drive healthcare utilization, a scenario in which a portion of the
observed associations is driven by ascertainment bias cannot be entirely
ruled out. Our selected ICD-10 codes do not capture the complete
spectrum of urological phenotypes that fall under the broader umbrella
of lower urinary tract dysfunction, such as prostatitis, which may re-
strict the comprehensiveness of our findings. Reliance on a specifically
defined set of ICD-10 codes to identify LUTS maximizes diagnostic
specificity but may not fully capture the natural variability in clinical
coding practices. It is possible that relevant urologic symptoms were
documented under alternative, broader diagnostic labels not included
in our analysis. Furthermore, binary ICD-10 codes lack the granularity
to capture CUD's dynamic clinical course, including variations in con-
sumption severity, frequency, or remission over time. Consequently,
our inability to track these temporal shifts or stratify urologic risk by
CUD severity remains a notable limitation.

In addition, there are a variety of clinical factors that influence who
receive a CUD diagnosis that TriNetX is unable to robustly capture. For
example, individuals who use cannabis more frequently and for longer
durations are more likely to receive a CUD diagnosis, and socio-
demographic factors that increase risk include adverse childhood ex-
periences, stressful life events, and parental cannabis use.”” Our cohort
with a CUD diagnosis likely reflects a patient population with clinically
recognizable use, which limits generalizability to recreational or inter-
mittent cannabis users. Similarly, our control cohort most likely contains
recreational cannabis users, which can cause underestimation of the true
effect. Although cohorts were matched for mental health disorders, the
unmeasured use of psychotropic medications (eg, antidepressants or
antipsychotics) remains a potential confounder due to their potential
effects on urinary function. Due to the nature of the available TriNetX
data, residual confounding is possible through unmeasured confounders
such as family and peer environment, socioeconomic status, genetic
predispositions for CUD and LUTS, and cannabis frequency/dosage.

These findings suggest that diagnosed CUD is associated with in-
creased risk of LUTS in young adults, a population not typically con-
sidered at elevated risk for urologic disease and warrants further in-
vestigation. As cannabis legalization expands, understanding non-
neuropsychiatric sequelae of chronic cannabis use becomes increasingly
important for patient counseling and relevant for public health policy,
affecting both primary care and urology.

Given the limitations of the TriNetX database, these findings are
hypothesis-generating. Future work could potentially include pro-
spective studies that collect data on dose, potency, duration, and mode
of use, including whether cannabis is consumed or inhaled (smoked,
vaped, etc.). Further, future research utilizing discrete interval analyses
would provide deeper insight into the longitudinal evolution of LUTS,
specifically determining whether the incidence of LUTS remains con-
tinuously elevated for years following a CUD diagnosis or if the overall
burden is predominantly driven by the acute 0-1 year period.

CONCLUSION
In a large cohort of previously healthy young adults, our findings

indicate a longitudinal association between a diagnosis of CUD and the
development of new LUTS compared to matched controls. Future
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prospective studies are warranted to elucidate the underlying patho-
physiological mechanisms and determine if these effects are amelior-
able or reversible with cessation.
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