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ABSTRACT

Purpose: Uveitis is a relatively common eye condition that can lead to substantial symptoms and visual
impairment. Identifying modifiable risk factors is essential for effective prevention and management. This
systematic review and meta-analysis aimed to assess the causal role of smoking in uveitis by summarizing
existing evidence on its impact on pathogenesis, disease progression, and treatment outcomes.
Methods: A comprehensive search was conducted in Ovid MEDLINE and Embase in December 2024.
Studies were eligible if they included an ophthalmologist-confirmed diagnosis of uveitis and reported on
smoking exposure. Exclusion criteria were pediatric populations, case reports/series, interventional
studies, and studies involving patients with systemic disease to minimize confounding. The review
followed PRISMA guidelines and a pre-registered PROSPERO protocol (CRD42025641517). Risk of bias
was assessed using Joanna Briggs Institute tools. Data were extracted by one reviewer and verified by
another. Meta-analyses were performed using RevMan, with heterogeneity evaluated by I°. Certainty of
evidence was assessed using GRADE methodology.

Results: Of 892 articles screened, seven met inclusion criteria: four retrospective case-control studies, one
retrospective cohort study, and two cross-sectional studies. The pooled odds ratio (OR) for the association
between smoking and uveitis was 1.97 (95% Cl, 1.71-2.27) across 1557 individuals with uveitis and 4293
controls. The effect was statistically significant (Z=9.42; p <0.00001). Former smokers also had an
increased risk (OR 1.23), and smokers showed a tendency toward more complications.

Conclusion: Smoking is a significant and modifiable risk factor for uveitis. These findings support the
integration of smoking cessation into clinical management and prevention strategies.
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Uveitis is an inflammatory eye condition affecting the uveal
tract—including the iris, ciliary body, and choroid—that can
lead to significant visual impairment even if treated ade-
quately. This heterogeneous condition is typically classified
into infectious, autoimmune, and idiopathic causes."” Uveitis
is categorized based on the primary anatomical location of
inflammation, with anterior uveitis accounting for 50% to
90% of all cases.” Population-based estimates of uveitis epide-
miology vary considerably due to differences in methodolo-
gies, definitions of uveitis, and geographical regions.* Uveitis is
frequently observed in association with systemic inflammatory
diseases, such as sarcoidosis, ankylosing spondyloarthritis, and
Behcet’s disease.”'® While genetic predisposition and immune
dysregulation are well-established contributors to its patho-
genesis, environmental, occupational, and lifestyle factors are
increasingly recognized as relevant influences."'*

One such potentially modifiable risk factor is smoking,
although the strength and direction of this association remain
uncertain."”” Tobacco smoke contains thousands of harmful
compounds that can affect nearly every organ in the body.

Smoking is a well-established risk factor for several inflamma-
tory diseases and is linked to conditions such as chronic obstruc-
tive pulmonary disease (COPD), cancer, and cardiovascular
disease.'® Moreover, observational studies and Mendelian ran-
domization analyses have demonstrated an association between
smoking and an increased risk of various ophthalmologic con-
ditions, including age-related macular degeneration (AMD) and
cataract."’?® While the exact mechanisms underlying these
detrimental effects remain incompletely understood, oxidative
stress and immune dysregulation are thought to play key roles.
In ophthalmology, oxidative stress is involved in the pathogen-
esis of several eye diseases, such as senile cataract, AMD, uveitis,
retinopathy of prematurity, and keratitis.”' >* More recently, it
was reported that electronic cigarettes users also have an
increased risk of new-onset uveitis, and other ocular
symptoms.** In inflammatory eye diseases, oxidized protein
levels appear to increase in parallel with the degree of inflam-
matory activity. Emerging evidence suggests that these mechan-
isms may also contribute to the development and severity of
complications of uveitis. Potential underlying processes include
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immune system dysregulation, increased systemic inflamma-
tion, and endothelial dysfunction, all of which may influence
both the onset and severity of the disease.”> However,
a comprehensive, systematic evaluation of the association
between smoking and uveitis is currently lacking.

In this meta-analysis, we systematically assessed the avail-
able literature and quantified the effect of smoking on the risk
of uveitis. By doing so, we aim to provide a clearer under-
standing of the role of tobacco smoke in the pathogenesis of
this ocular condition and its implications for prevention and
clinical management.

Methods

We registered the review prospectively on PROSPERO
(CRD42025641517) and reported it following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines.26

Eligibility criteria

We included studies that examined smoking as a risk factor for
the development of uveitis in patients without systemic dis-
ease. To be eligible, uveitis had to be the primary outcome of
the study, and had to be determined by an ophthalmologist.
One study describing self-reported uveitis was excluded. We
excluded studies without an English abstract or full text avail-
ability, as well as those involving children or animals.

Search strategies

A systematic literature search was conducted by one of the
authors (SK) using Ovid MEDLINE on December 9, 2024. The
search strategy combined free-text terms and Medical Subject
Headings (MeSH) to maximize sensitivity and comprehensive-
ness. Details of the complete search strategy are provided in
eTable S1 in the Supplement.

We also manually reviewed the reference lists of all included
studies (“snowballing”) and used the “similar articles” and
“cited by” features in PubMed to identify additional relevant
publications. On December 29, 2024, the search was extended
to include Embase.

Study selection

Two researchers (SK and MD) independently reviewed the
titles and abstracts to determine which reports should be
retrieved, and also assessed them independently. In case of
disagreement between the reviewers, consensus was reached
through discussion. Discrepancies between reviewers were
resolved through consultation with a third reviewer (RE).

Data extraction and risk of bias assessment

One investigator (SK) extracted all relevant study characteris-
tics, methods, and results from each included study, and orga-
nized the information into a table for analysis. An independent
investigator (MD) verified all extracted data. We resolved
discrepancies during data extraction by discussion or

consultation with a third investigator (RE) where needed.
Articles were included if they described smoking as a risk
factor or cause of uveitis, without restrictions on the time
frame between exposure and the development of uveitis. To
reduce potential confounding by systemic inflammatory dis-
eases and their treatments, which may be independently asso-
ciated with both smoking and uveitis, studies involving
patients with systemic inflammatory conditions were
excluded. Specifically, we excluded studies involving systemic
inflammatory diseases such as Behget’s disease, sarcoidosis,
and ankylosing spondylitis. Patients with non-inflammatory
systemic conditions, including diabetes mellitus and hyperten-
sion, were not excluded. In contrast, we included studies on
presumed ocular histoplasmosis syndrome (POHS), as these
were classified under posterior uveitis in the original reports
and specifically investigated smoking as a risk factor for this
phenotype. Moreover, POHS occurs only in the eye, in con-
trast to the excluded systemic disorders.

The following data were collected and summarized in tables
from each report: author(s), study type, sample size, age and
sex of the population studied, country of study, type of uveitis,
and outcomes. Items from the Joanna Briggs Institute (JBI)
Checklist for case control studies and cohort studies*” were
used by both reviewers (SK and MD) independently to assess
the risk of bias. In case of disagreement between the reviewers,
consensus was once again reached through discussion or con-
sulting a third reviewer (RE).

Evaluation of heterogeneity and data synthesis

We used RevMan®® to analyze the included studies and gen-
erate a forest plot, calculating the cumulative OR and its 95%
confidence intervals (CIs). We investigated clinical heteroge-
neity by assessing diversity in population (e.g., age, and sex
distribution) and uveitis characteristics. The methodological
heterogeneity was assessed by evaluating the risk of bias.
Statistical heterogeneity was determined by calculating the
contribution of heterogeneity to the total variability across
the studies (I%). If asymmetry was detected, we examined the
characteristics of the included studies to assess whether the
asymmetry was attributable to publication bias or other fac-
tors. Comparative studies were visually represented using
a forest plot. A meta-analysis with a random-effects model
was applied.

Certainty assessment

The certainty of the evidence was assessed by two reviewers
(SK and MD) using the five Grading of Recommendations
Assessment, Development and Evaluation (GRADE) consid-
erations. The overall certainty was categorized as very low, low,
moderate, or high.*’

Results
Study selection

A total of 1103 records were identified by the systematic
database search. Of these, 211 were excluded, namely 70



duplicates, 107 animal studies, and 34 without an English-
language abstract. The remaining 892 records were screened
based on titles and abstracts. After initial screening, 53 articles
were selected for full-text review. The most common reasons
for exclusion during screening were lack of relevance to the
predefined outcome (n = 17), studies restricted to patients with
systemic inflammatory diseases’* > (n = 10), and other studies
ineligible for various reasons (n=19; eTable S2 in the
Supplement). Full-text evaluation showed that seven studies
met the inclusion criteria and were retained for qualitative
synthesis. A detailed overview of the study selection process
is provided in the PRISMA flow diagram®’ in Figure 1.

Characteristics of included studies

Four of the included studies were retrospective case-
control  studies.””*"™*  One included study was
a retrospective cohort study,”* and two were observational
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specified the type of uveitis, posterior uveitis—most com-
monly presenting as presumed ocular histoplasmosis syn-
drome (POHS)**** —and anterior uveitis'>***"** were
most frequently reported. Most studies reported a higher
prevalence of female participants.'>****"** The mean age
of participants ranged from 36years in the study by
Chheda et al.** to 63 years in the study by Yuen et al.*!
Key characteristics of the included studies are summarized
in Table 1.'>2%*17%

Risk of bias assessment and certainty of evidence

The risk of bias assessment is presented in eTables S3-S5 in the
Supplement. Reporting bias was evaluated using the JBI
Checklist and was determined to be low overall.

Certainty of evidence was assessed using the GRADE
approach, with the use of GRADEpro software. The certainty
of evidence was rated as high. Details of the GRADE assess-

cross-sectional studies.*** Among the studies that ment are provided in eTable S6 in the Supplement.
Identification of new studies via databases and registers
- Records removed before screening:
o ; - i Duplicate records (n = 70)
= Records identified from: S i
8 Databases (n = 1103) Records marked as ineligible by automation
z Registers (n = 0) tools (n = 0)
o Records removed for other reasons (n =
2 141)
Records screened Records excluded
(n = 892) (n =839
Reports sought for retrieval Reports not retrieved
(n=53) (n=0)
i
&
§ Reports excluded:
No measure of uveitis (n = 17)
Systematic disease (n = 10)
e Review (n = 8)
Reports assessed for eligibility No controls (n = 5)
(n= 53) .
Various exposures (n = 4)
Ineligible population (children) (n=1)
Ineligible diagnosis of uveitis
(self-reported) (n = 1)
New studies included in review
k: (n=7)
eports of new inclu studies
R f included studi
£ (n=0)

Figure 1. PRISMA flow diagram.
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Table 1. Characteristics of included studies.'>2%41-
Sex
Period of data Age, y; Female,
Source, year Study type Country collection Population Type of uveitis, A,B,C,D mean+SD n (%)
Yuen et al,, Retrospective, population-based,  USA 2006-2007  Total=1150
2015% case-control study Q2y) 100 uveitis A=86, B=3, C=11, D=0 50; NR 48 (48)
528 other ophthalmic NA 63; NR 287 (54)
522 healthy controls NA 53; NR 294 (56)
Chheda etal,  Retrospective, case-control study  USA 2000-2010  Total=568
2012* (10y) 142 POHS patients A=0, B=0, C=142, D=0 39+7.1 81 (57)
with CNV
426 controls NA 36+9.1 239 (56)
Richey etal., Retrospective pair-matched case- USA 2013-2019  Total=3004
2022 control study 7y) 751 POHS patients A=0, B=0, C=751, D=0 61;NR 380 (63)
2253 controls NA 61; NR 1140 (63)
Lin et al., Retrospective, case-control study ~ USA 2002-2009 Total=1128
2010 @y 564 uveitis patients* A=331, B=57, C=24, 45£185 349 (61)
D=133, Other=49
564 controls NA 54+18.7 340 (60)
Hsu et al,, Retrospective, cohort study China 2019-2023 838 650 patients from
2024* (4y) TriNetX database
419 325 Total=2035 51%£16.1 203 994
e-cigarette users A=1944, B=22, (=127, (49)
D=28
419 325 nonusers Total=751 52+16.3 201 653
(controls) A=701, B=17, C=53, (48)
D=17
Roesel et al.,  Cross-sectional study Germany Unknown 350 A=151, B=79, C=49, 44+14.8 214 (61)
2011* patients with D=71
noninfectious uveitis
Thorne et al,  Cross-sectional study USA 1984-2006 208 patients (363 affected A=0, B=208, C=0, D=0 37, NR 138 (66)
2008 (22y) eyes) (6-76)#

Abbreviations: A, anterior; B, intermediate; C, posterior; CVN, choroidal neovascularization; D, panuveitis; NA, not applicable; NR, not reported; POHS, presumed ocular
histoplasmosis syndrome; *31 at more than 1 anatomical location; #range in parentheses.

Meta-analysis findings of risk of uveitis in current smokers

A total of four retrospective studies were included in the meta-
analysis,'>*'™** comprising 1557 individuals with uveitis and
4293 controls. Individual studies consistently demonstrated
a positive association, with ORs ranging from 1.78 (95% CI,
1.37-2.31; Lin et al."® to 3.07 (95% CI, 2.06-4.58; Chheda
et al.).*” The study by Richey et al.*’ contributed the largest
weight to the overall estimate (50.8%). These results are gra-
phically presented in Figure 2. The pooled analysis yielded
a cumulative OR of 1.97 (95% CI, 1.71-2.27), indicating
a statistically significant association between cigarette smoking
and an increased risk of uveitis (Figure 2). The overall test for
effect was highly significant (Z=9.42; p<0.00001).
Heterogeneity across the included studies was moderate, with
an I” value of 46% (x* = 5.55; df = 3; p = 0.14), suggesting some
variability in effect estimates that may reflect differences in
study populations or methodologies.

When the study by Hsu et al.>* on e-cigarette use and the
risk of uveitis was incorporated, the cumulative OR increased
accordingly to 2.53 (95% CI, 2.35-2.71). The overall test for
effect was highly significant (Z =25.30; p <0.0005), and the
heterogeneity was high (I* value of 80%).

Meta-analysis findings of risk of uveitis in past smokers

A total of three retrospective studies were included in the
meta-analysis,'>*"** comprising 1415 individuals with uveitis
and 3867 controls. Individual studies had ORs ranging from
0.58 (95% CI, 0.34-0.99; Yuen et al.*' to 1.54 (95% CI,
1.13-2.10; Lin et al.)."” The study by Richey et al.** contributed
the largest weight to the overall estimate (50.8%). These results
are graphically presented in Figure 3. The pooled analysis
yielded a cumulative OR of 1.23 (95% CI, 1.05-1.44), indicat-
ing a statistically significant association between past cigarette

Uveitis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.Richeyetal., 2022 196 741 357 2253 508% 1.88[1.54,2.29] =
2.Yuenetal, 2015 21 100 122 1050 B.5% 2.0201.21,3.39] —
3. Chhedaetal, 2012 67 142 96 426  9.8% 3.07 [2.06, 4.58] —_
4. Linetal, 2010 200 564 133 564 33.0% 1.78[1.37,2.31] -+
Total (95% CI) 1557 4293 100.0%  1.97 [1.71, 2.27] ¢
Total events 484 708
Heterogeneity: Chi*= 5.85, df= 3 (P = 0.14); F= 46% :D.D‘I U?‘I 110 1DU=

Test for overall effect: Z=9.42 (P = 0.00001)

Favours [experimental] Favours [control]

Figure 2. Association between cigarette smoking and risk of uveitis: meta-analysis of four retrospective studies.'*'* Forest plot showing the pooled odds ratio (OR)
and 95% confidence interval (Cl) for the association between cigarette smoking and uveitis across four retrospective studies.
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Uveitis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1. Richey et al, 2022 181 751 451 2253 62.0% 1.27[1.04,1.54)
2.Yuenetal, 2015 17 100 275 1050 14.4% 0.58[0.34,0.99) ——
3.Linetal, 2010 117 564 82 564 236% 1.54[1.13,2.10] —
Total (95% CI) 1415 3867 100.0%  1.23[1.05, 1.44] *
Total events 315 808
Heterogeneity: Chi®= 8,64, df= 2 (P = 0.008); F= 79% o ol H 100

Test for overall effect: Z= 2.62 (P = 0.009)

Favours [experimental] Favours [control]

Figure 3. Association between past cigarette smoking and risk of uveitis: meta-analysis of three retrospective studies.'>*'** Forest plot showing the pooled odds ratio
(OR) and 95% confidence interval (Cl) for the association between past smoking and uveitis across three retrospective studies.

smoking and an increased risk of uveitis. The overall test for
effect was highly significant (Z = 2.62; p < 0.009).

Heterogeneity across the included studies was high, with an
I” value of 79% (x* = 9.64; df=2; p = 0.009), suggesting some
variability in effect estimates that may reflect differences in
study populations or methodologies.

Findings of risk of complications of uveitis in smokers

A total of four studies reported on smoking and the risk of
complications in uveitis patients.'>***> Two of these studies
could not be included in the meta-analysis due to their lack of
necessary data.'>*> Attempts to contact the authors to obtain
this information were unsuccessful. Consequently, two
studies**** remained, which was insufficient to conduct
a meta-analysis. Thorne et al.** investigated smoking as
a risk factor for cystoid macular edema (CME) in patients
with intermediate uveitis. In a cohort of 280 patients, actively
smoking at presentation was associated with a significantly
increased risk of developing CME compared with never smok-
ing (OR 3.90; 95% CI, 1.43-10.66). Lin et al."” examined
cigarette smoking as a risk factor for uveitis in 564 uveitis
patients. Smoking was associated with an increased risk of
intermediate uveitis (OR 2.7; 95% CI, 1.4-5.6), and the risk
further increased regarding intermediate uveitis with CME
(OR 8.4; 95% CI, 2.5-28.8). Similarly, the OR of panuveitis
was higher among smokers (OR 3.9; 95% CI, 2.4-6.1), and
even more pronounced regarding panuveitis complicated by
CME (OR 8.0; 95% CI, 3.3-19.5). The pooled OR of the
remaining two studies was 1.30 (95% CI, 0.96-1.76); therefore,
a statistically significant association could not be demon-
strated. However, the trend suggests a potentially increased
risk of complications among smokers.

Discussion

This systematic review and meta-analysis demonstrated that
cigarette smoking is a significant risk factor for the develop-
ment of uveitis and may also serve as a prognostic factor
associated with a more severe disease course among indivi-
duals with uveitis. The pooled analysis of four retrospective
studies yielded an OR of 1.97 (95% CI, 1.71-2.27), indicating
a nearly two-fold increased risk of uveitis among smokers.
Importantly, this elevated risk persisted even among former
smokers, highlighting the long-lasting impact of tobacco-
induced tissue damage. Emerging data further imply
a substantially increased risk of ocular pathology in e-cigarette

users, including uveitis, raising concerns as vaping prevalence
continues to rise.”**

The eye is particularly susceptible to oxidative stress due to
its high metabolic activity and constant exposure to light,
which can contribute to the development of uveitis.***°
Mechanistically, smoking generates substantial oxidative stress
by disrupting the balance between reactive oxygen species
(ROS) and antioxidant defenses.*” This redox imbalance acti-
vates pro-inflammatory pathways such as nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-«xB) and
mitogen-activated protein kinase (MAPK), leading to the
upregulation of cytokines including tumor necrosis factor
alpha (TNF-a), interleukin (IL)-1p, and IL-6, central media-
tors of immune dysregulation in uveitis.*>*® Furthermore,
tobacco-derived ROS cause direct cellular injury and mito-
chondrial dysfunction, impairing ocular tissue repair.*®*>>
Vaporized e-cigarette liquids, containing reactive aldehydes
and fine particulate matter, similarly compromise epithelial
barriers and induce ROS production.”™** Preclinical models
confirm that e-cigarette exposure activates inflammatory cas-
cades comparable to those triggered by combustible tobacco
products.”* These converging mechanisms suggest that both
traditional smoking and vaping represent modifiable contri-
butors to the pathogenesis and progression of uveitis.

The clinical implications of these findings are profound.
Data from Hsu et al. demonstrated that e-cigarette use con-
ferred a hazard ratio (HR) of 2.53 (95% CI, 2.33-2.76) for
incident uveitis.>* This elevated risk was consistent across all
age groups and remained stable over a four-year follow-up,
emphasizing that vaping, like cigarette smoking, cannot be
considered benign. Additionally, a large cross-sectional study
of 4351 US youths revealed that dual users of cigarettes and
e-cigarettes reported significantly more severe ocular symp-
toms—including dryness, burning, redness, blurred vision,
and headaches—compared to non-users.””> Preclinical data
corroborate these findings, demonstrating that e-cigarette
exposure disrupts tear film stability, induces oxidative damage,
and elicits inflammatory responses in ocular tissues.”' Notably,
dual use appears to exert additive detrimental effects.”*>> As
vaping rates rise, particularly among adolescents and young
adults, ophthalmologists should systematically inquire about
all forms of nicotine exposure when evaluating patients with
ocular inflammation.***’

Beyond disease risk, smoking appears to impair therapeutic
efficacy in uveitis.'® Elevated TNF-a levels among smokers
may diminish responses to anti-TNF agents such as infliximab
and adalimumab.’*>° Similarly, smoking-induced oxidative
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stress and altered cytochrome P450 enzyme activity can accel-
erate corticosteroid metabolism,”” leading to reduced drug
bioavailability and efficacy.”® These mechanisms mirror find-
ings in other inflammatory diseases, such as rheumatoid
arthritis and Crohn’s disease, where smoking consistently pre-
dicts poorer responses to biological therapy.”>*® Although
direct clinical studies in uveitis remain limited, the conver-
gence of mechanistic and epidemiological evidence under-
scores the need to assess and address smoking and vaping
behaviors prior to initiating therapy. Integrating formal cessa-
tion protocols into clinical practice may optimize treatment
outcomes and disease control.

Given the central role of oxidative stress and inflammation
in uveitis,*® smoking cessation must be recognized as an
essential component of management. Although intervention
studies specific to uveitis are lacking, extrapolation from other
chronic inflammatory conditions strongly supports benefits.
Quitting smoking reduces oxidative burden, lowers pro-
inflammatory cytokine levels, and enhances therapeutic
responses. Routine assessment of smoking and vaping beha-
viors, combined with active cessation counseling, should
become standard practice in uveitis management.

Moreover, complementary strategies aimed at mitigating
oxidative stress may offer additional therapeutic benefit.>**'
Preclinical studies suggest that antioxidants such as vitamin C,
vitamin E, and N-acetylcysteine bolster endogenous defenses,
suppress cytokine-mediated inflammation, and protect ocular
tissues from ROS-induced damage.®> Quercetin, a naturally
occurring flavonoid, has shown potential in counteracting cigar-
ette smoke-induced oxidative injury as well as inflammatory
damage by activating the Nrf2 pathway.®>"* Although clinical
trials are warranted, dietary or pharmacological antioxidant
supplementation represents a promising adjunctive approach
in uveitis care. Lifestyle interventions—including antioxidant-
rich diets and stress reduction—may further help preserve ocu-
lar tissue integrity and prevent disease progression.

Limitations

There are a number of limitations to this study. First, the total
number of included studies was modest. Still, the consistency of
the effect estimates across the studies enhances the robustness of
the association observed. However, some heterogeneity in study
design, population characteristics, and outcome definitions was
present, potentially contributing to variability in the results.
Second, although some studies evaluated outcomes relevant to
this meta-analysis and reported ORs, they did not provide
sufficient data for inclusion in the quantitative synthesis, and
attempts to contact the corresponding authors for clarification
were unsuccessful. Third, we excluded studies that included
patients with systemic inflammatory diseases to minimize con-
founding and better isolate the specific effect of smoking on
uveitis. This decision was based on the recognition that many
systemic diseases associated with uveitis are themselves more
prevalent among smokers, and often require immunosuppres-
sive treatments that can independently influence both the devel-
opment and progression of uveitis. Including such patients

would therefore introduce substantial confounding, making it
difficult to distinguish the independent contribution of smok-
ing. While this strategy improves internal validity, it may limit
the generalizability of our findings to broader patient popula-
tions with systemic comorbidities. Future studies should con-
sider stratified analyses or advanced causal inference
approaches to disentangle these complex interactions.

Fourth, smoking exposure—including duration, intensity,
pack-years, and cessation status—was not consistently
reported across studies. Some studies also grouped current
and former smokers into a single “ever smoker” category,
potentially introducing misclassification bias and attenuating
observed associations. Moreover, some heterogeneity in study
design, population characteristics, and outcome definitions—
including variation in how uveitis was defined—may have
contributed to variability in our findings.

Conclusions

This systematic review and meta-analysis identified cigarette
smoking as a significant and modifiable risk factor for uveitis,
influencing both disease onset and progression. In addition,
cigarette smoking likely impairs the efficacy of key uveitis thera-
pies, including corticosteroids and biological agents. While evi-
dence regarding e-cigarette use is currently limited, emerging
cohort data and mechanistic studies suggest that vaping may
similarly increase the risk of ocular inflammatory diseases. Given
the rising prevalence of e-cigarette use, particularly among
younger populations, further research is warranted to confirm
and characterize these associations. Comprehensive uveitis man-
agement should therefore incorporate systematic assessment of
both traditional and e-cigarette use, active cessation support, and
adjunctive strategies targeting oxidative stress and immune dys-
regulation. Ophthalmologists, as frontline providers managing
ocular inflammatory diseases, are uniquely positioned to identify
nicotine exposure and intervene at an early stage. Addressing
nicotine exposure may represent an underappreciated avenue to
improve long-term outcomes in patients with uveitis.
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