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Abstract

Objective—To assess whether cigarette smoking is associated with the development of uveitis in 

a population-based setting.

Design—Retrospective, population-based case-control study.

Participants—Patients ≥18 years of age seen at a Kaiser Permanente Hawaii clinic between 

January 1, 2006 and December 31, 2007. Analysis included 100 confirmed incident uveitis cases, 

522 randomly selected controls from the general Kaiser Hawaii population, and 528 randomly 

selected controls from the Kaiser Hawaii ophthalmology clinic.

Methods—International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes 

were used to identify possible uveitis cases. A uveitis fellowship-trained ophthalmologist then 

conducted individual chart review to confirm case status. Multivariate logistic regression models 

were used to evaluate the association between smoking and uveitis, adjusting for age, sex, race, 

and socioeconomic status.

Main Outcome Measure—Development of uveitis.
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Results—Current smokers had a 1.63 (95% CI 0.88 – 3.00, P=0.12) and 2.33 (95% CI 1.22 – 

4.45, P=0.01) times greater odds of developing uveitis compared to never smokers using the 

general and ophthalmology control groups, respectively. The association was even stronger with 

non-infectious uveitis, which yielded ORs of 2.10 (95% CI 1.10 – 3.99 P=0.02) and 2.96 (95% CI 

1.52 – 5.77, P=0.001) using the general and ophthalmology control groups, respectively.

Conclusions—Cigarette smoking is significantly associated with new onset uveitis within a 

population-based setting. The association was stronger for non-infectious uveitis. Given the well-

established risks of smoking with regard to other inflammatory disorders, these results reaffirm the 

importance of encouraging patients to avoid or cease smoking.

As the leading cause of preventable morbidity and mortality in the United States, cigarette 

smoking remains a major public health concern.1 The hazards of cigarette use arise from the 

abundance of free radicals, polycyclic aromatic hydrocarbons, and other reactive compounds 

present in tobacco smoke that activate pro-inflammatory pathways and trigger pathological 

processes.2–3 Studies have shown associations between smoking and the onset and severity 

of rheumatoid arthritis, Graves' disease, multiple sclerosis, and systemic lupus 

erythematosus.4–11

While uveitis and the aforementioned diseases all arise from immune dysregulation, 

relatively little data exist to support the association between smoking and uveitis. There has 

been only one prior case-control study on the association between smoking and uveitis. This 

study from a tertiary eye care center reported a link between smoking and uveitis.12 A few 

studies have demonstrated an increased risk of uveitic complications among uveitis patients 

with a history of smoking.13–15 However, one study found that smoking does not have a 

negative effect on the clinical findings and prognosis of uveitis in Behçet disease.16 To date, 

no population-based study has investigated the association between smoking and new onset 

uveitis. Such a study would afford greater certainty that cases and controls come from the 

same population, which is a significant issue in studies from tertiary care centers.

Kaiser Permanente Hawaii offers a comprehensive source of population-based data. 

Through its 18 clinics, it serves over 16% of Hawaii's racially diverse population. Unlike 

tertiary care centers, it typically provides its patients with all of their medical care, thus 

ensuring that all cases are recorded within its database. The present study aimed to 

investigate the relationship between smoking and uveitis within this population.

Methods

Institutional Review Boards at the University of California, San Francisco and Kaiser 

Permanente Hawaii approved this study. The study was compliant with the Health Insurance 

Portability and Accountability Act.

We conducted a population-based, case-control study using patient encounter data taken 

from Kaiser Permanente Hawaii electronic medical records, which were established in 2004. 

To identify cases, visits between the study period of January 1, 2006 and December 31, 

2007 were queried for International Classification of Diseases, Ninth Revision (ICD-9) 

diagnosis codes suggestive of uveitis. After identification of potential cases using an 
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intentionally broad range of ICD-9 codes, a uveitis fellowship trained ophthalmologist 

conducted individual chart review to confirm case status. Classification of cases has been 

previously described in detail.17

Two control groups were created, each with patients selected randomly in a 5:1 ratio to 

uveitis cases. One control group consisted of patients from the general Kaiser Hawaii 

membership who had at least one healthcare visit during the study period. An additional 

control group consisted of patients who had at least one visit to the Kaiser Hawaii 

ophthalmology clinic during the study period and were at least 18 years of age.

Smoking status of cases was determined at their visit nearest to and before their date of 

diagnosis. Each control was assigned to a case such that their smoking status could be 

assessed nearest to the date of diagnosis. For patients without a smoking history prior to the 

diagnosis date, the visit at which it was recorded closest to but after the diagnosis date was 

used. Patients whose smoking status was not recorded in the electronic medical record were 

excluded from this analysis. Smoking status was categorized as either never smoked, 

currently smoking, quit, or passive. Infectious uveitis was defined by an associated diagnosis 

of herpes simplex virus, herpes zoster virus, histoplasmosis, toxoplasmosis, HIV, Bartonella, 

tuberculosis, syphilis, CMV retinitis, or Lyme disease as determined by electronic ICD-9 

code search and individual chart review.

Proportions were compared using the Fisher’s exact test. Means of continuous variables 

were compared using the two-sample t-test. Odds ratios for the effect of smoking on case 

status were calculated using multivariate logistic regression models adjusting for age, race, 

sex, and socioeconomic status, based on the median family income in a patient’s zip code. 

All analyses were performed using Stata (Stata 13; StataCorp LP).

Results

A total of 224 patients had a confirmed diagnosis of uveitis, 108 of whom were incident 

cases during the study period. For this study, we only included cases ≥18 years of age, 

resulting in 105 incident cases. Five of the 105 incident cases did not have a recorded 

smoking status and were excluded from the study. Twelve of the 540 patients in the 

ophthalmology control group were excluded for missing smoking status. Six of the 540 

patients in the general control group were excluded because they were <18 years of age and 

12 were excluded for missing smoking status.

Demographic information was collected for uveitis cases and controls (Table 1). Compared 

to both control groups, cases did not differ significantly in regard to race, sex, and median 

household income. Uveitis patients, however, were generally younger than those in the 

ophthalmology control group (mean age: 52 years vs. 63 years, P<0.001).

The majority of incident cases had anterior uveitis (n=86, 86%) and were non-infectious 

(n=80, 80%). Intermediate and posterior/panuveitis accounted for 3 (3%) and 11 (12%) of 

cases, respectively. Macular edema was only noted in 2 patients.
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Multivariate logistic regressions comparing cases against both control groups are presented 

in Table 2. While current smokers had 63% greater odds of developing uveitis relative to 

never smokers when using the general control group, this association did not reach statistical 

significance (OR 1.63, 95% CI 0.88 to 3.00, P=0.12, Table 2). Using the ophthalmology 

controls, however, revealed current smokers to have more than twice the odds of developing 

uveitis (OR 2.33, 95% CI 1.22 to 4.45, P=0.01, Table 2). The association between current 

smoking and non-infectious uveitis was even stronger, reaching statistical significance when 

using both the general control group (OR 2.10, 95% CI 1.10 – 3.99 P=0.02) and 

ophthalmology control group (OR 2.96, 95% CI 1.52 – 5.77, P=0.001). There was no 

association between infectious uveitis and current smoking using general controls (OR 0.29, 

95% CI 0.03 – 2.34, P=0.24) or ophthalmology controls (OR 0.35, 95% CI 0.04 – 2.91, 

P=0.33).

Discussion

Results from this population-based study reveal approximately 2-fold greater odds of new 

onset uveitis among current smokers compared to never smokers. Multivariate logistic 

regressions adjusting for race, sex, age, and socioeconomic status indicate the overall odds 

ratios for developing uveitis to be 1.63 and 2.33 for current smokers relative to never 

smokers when using the general and ophthalmology control groups, respectively. Although 

the p-value for the odds ratio using the general control group did not reach statistical 

significance, the findings do not contradict the results using the ophthalmology control 

group. The odds ratio confidence interval using general controls includes a moderate effect 

in the same direction as the odds ratio using the ophthalmology control group. The 

association between current smoking and non-infectious uveitis was even greater. A 

previous study found smoking was significantly associated with infectious uveitis.12 We 

were not able to show a significant association with infectious uveitis and smoking. 

However, the low odds ratio estimate does raise the question if there is a differential effect 

on the development of noninfectious versus infectious uveitis. This needs to be looked at 

further in future studies. Overall, these results support a potential role for cigarette smoking 

in the development of uveitis.

Several pathological mechanisms can explain the association between cigarette smoking and 

uveitis. Long term exposure to the reactive oxygen species in cigarette smoke upregulates 

the expression of TLR4 by human macrophages, increasing NF-κB activation and 

transcription of the leukocyte chemoattractant IL-8.18,19 Nicotine exerts an analogous effect 

in neutrophils by generating peroxynitrite, a nitrate isomer that binds acetylcholine receptors 

to activate additional NF-κB-mediated IL-8 transcription.18,20 Elevated concentrations of 

IL-8, as seen in the aqueous humor in uveitis, act in concert with IL-6 and TNF-α to 

promote the migration and activation of macrophages that attack the uvea.21–23

Another pathological process involves the polycyclic aromatic hydrocarbons in cigarette 

smoke. Many of these carcinogenic compounds induce Th17 cell expansion by binding aryl 

hydrocarbon receptors on memory T cells.24, 25The resultant rise in Th17 population leads to 

increased secretions of IL-17 and IL-22, which in turn promote the migration and 

extravasation of leukocytes into various tissues.26 Newly emerging data have accordingly 
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implicated Th17 cells in the pathogenesis of not only uveitis, but also psoriasis, rheumatoid 

arthritis, and multiple sclerosis.26–31 This shared pathology likely explains why smoking is 

associated with multiple and often concomitantly occurring autoimmune diseases.

Findings from this population-based study substantiate those reported in a previous case-

control study. In 2010, Lin et al. calculated that smokers have overall 2.2-fold increased 

odds of developing uveitis compared to never smokers.12 Other studies have suggested an 

association between smoking and increased uveitic severity. Roesel et al. recently reported 

that uveitis is 1.8 times more likely to have clinical activity in smokers, leading to increased 

incidence rates of macular edema and cataracts.13 Galor et al. likewise observed that patients 

with ocular inflammation who have positive smoking histories generally have poorer visual 

acuity.14 Their observations corroborated those of Thorne et al., who reported a dose-

dependent association between smoking and CME among patients with intermediate 

uveitis.15 Together, these studies and ours support the notion that smoking contributes not 

only to the severity of uveitis, but also its onset.

We acknowledge several limitations to our study. Information on the duration and quantity 

of exposure to cigarette smoke was not available. This precluded detection of a dose-

dependent association between smoking and uveitis. Consequently, ORs for past and passive 

smokers should be interpreted conservatively. Compared to tertiary settings, Kaiser’s patient 

population also generally contains less severe cases. As a result, uveitic complications such 

as macular edema were relatively uncommon, preventing assessment of disease severity in 

relation to smoking status. Risk assessment by anatomic subtype, which was done before in 

a tertiary setting,12 was not done here given the relatively low number of patients with 

intermediate, posterior, or pan- uveitis. In addition, it is possible there was misclassification 

of cases as noninfectious versus infectious uveitis. Even though chart review was done to 

adjudicate diagnoses, it was not possible to review every laboratory investigation to insure 

infection was adequately ruled out. However, this does not affect our primary analysis which 

included all incident uveitis cases.

Even with the aforementioned limitations, this study possesses several key strengths. In 

addition to adjusting for confounders such as age, sex, race, and socioeconomic status, we 

were able to ascertain smoking status at the time of diagnosis. Given that only 

approximately 5% of Kaiser Hawaii patients have dual insurance plans that would allow 

them to receive ophthalmology care elsewhere, it is also unlikely that many cases were 

missed. This offers a crucial advantage that addresses a major weakness of previous studies 

at tertiary eye clinics, in which patients were able to access care through multiple medical 

systems. Despite this difference in study population, the comparability between our ORs and 

a previously reported one12 suggests that our results are generalizable to other populations.

In summary, our findings implicate smoking as a risk factor for developing uveitis. From a 

clinical angle, these results highlight the impact of lifestyle choices on disease 

manifestation, emphasizing the importance of encouraging patients to modify their attitudes 

and behaviors with regard to smoking. Additional investigation into the pathological 

mechanisms that underlie the association between smoking and uveitis will be necessary in 

order to definitively establish causality.
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Table 2

Multivariate logistic regressions predicting new onset uveitis by smoking status

Odds ratio: Cases
vs General Controls
(95% CI)

p-
value

Odds ratio: Cases
vs Ophthalmology
Controls (95% CI)

p-
value

Smoking Status (vs Never)

Current Smoker 1.63 (0.88 – 3.00) 0.12 2.33 (1.22 – 4.45) 0.01

Past Smoker 0.73 (0.40 – 1.35) 0.32 0.82 (0.44 – 1.53) 0.53

Passive (Secondhand) 1.96 (0.19 – 20.06) 0.57 1.28 (0.96 – 17.19) 0.85

Age (by decade) 0.99 (0.87 – 1.14) 0.94 0.72 (0.63 – 0.83) <0.001

Sex

Male 1.33 (0.84 – 2.10) 0.57 1.16 (0.72 – 1.86) 0.54

Median Income (by $10,000) 0.99 (0.87 – 1.12) 0.82 0.95 (0.83 – 1.09) 0.49

Race (vs Caucasian)

Alaskan/Native American 1.13 (0.13 – 9.99) 0.92 0.64 (0.07 – 6.32) 0.70

Asian 1.68 (0.92 – 3.10) 0.09 1.16 (0.62 – 2.15) 0.65

African American 11.80 (0.98 – 141.77) 0.05 1.52 (0.24 – 9.53) 0.65

Pacific Islander 0.91 (0.44 – 1.87) 0.80 0.79 (0.40 – 1.92) 0.55

Unknown 1.23 (0.59 – 2.58) 0.59 0.95 (0.83 – 1.09) 0.73

CI= confidence interval
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