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Abstract

Background—To evaluate how smoking affects the time to disease quiescence and time to
disease recurrence in patients with ocular inflammation.
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Methods—A retrospective cohort study of patients with ocular inflammation who were followed
longitudinally and had smoking information available in the Systemic Immunosuppressive
Therapy for Eye Diseases Cohort Study database.

Results—Among 2676 patients with active ocular inflammation, smokers were more likely to
have bilateral ocular disease and poorer visual acuity on presentation compared with non-smokers
and previous smokers. In a multivariate analysis, there was no statistically significant difference in
the time to disease quiescence between groups. However, the median time to recurrence of ocular
inflammation was statistically significantly longer for non-smokers (9.4 months) and for previous
smokers (10.7 months) than for current smokers (7.8 months) (p=0.02). The RR of ocular
inflammation recurrence was higher for smokers than for non-smokers (adjusted HR=1.19, 95%
Cl 1.03 to 1.37) and tended towards significance in previous smokers (adjusted HR=1.11, 95% ClI
0.93 to 1.35).

Conclusions—Smoking was associated with an increased likelihood of bilateral ocular
inflammation and reduced vision upon presentation, and an increased risk of recurrence compared
with not smoking. These results suggest that patients with ocular inflammation should be
counselled to stop smoking as part of routine management.

INTRODUCTION

Ocular inflammatory disease encompasses a heterogeneous group of disorders that may
affect one or more anatomic locations of the eye, including uveitis (anterior, intermediate,
posterior and panuveitis), scleritis and inflammation of the ocular surface (eg, mucous
membrane pemphigoid). Ocular inflammation may affect any age group,! from young
children? to older adults.3* Women are affected more often than men.1:45

While some patients with non-infectious ocular inflammation respond well to topical
corticosteroids and oral non-steroidal anti-inflammatory agents, in the tertiary setting many
require oral corticosteroids and immunosuppressive drugs to control their disease.l:
Because such treatment is not always effective and has potential risks, it would be desirable
to identify modifiable risk factors which potentially could reduce the need for treatment to
control ocular inflammation.

Smoking has previously been implicated as delaying treatment response among patients with
episcleritis and scleritis,® and has been associated with an increased frequency of cystoid
macular oedema at presentation among patients with intermediate uveitis.” To assess
whether smoking affects responsiveness to treatment and/or increases the risk of recurrence
of ocular inflammation, we evaluated the relationship between smoking and the kinetics of
ocular inflammation in a large cohort of patients with ocular inflammation.

METHODS

Study population

The methods of the Systemic Immunosuppressive Therapy for Eye Diseases (SITE) Cohort
Study have been described previously.! In brief, all patients with non-infectious ocular
inflammatory diseases seen since the inception of the centre at four subspeciality ocular
inflammation centres, and an ~40% random sample of such patients at a fifth centre, were
eligible for inclusion in the SITE cohort. Patients with known HIV infection and those with
infectious ocular inflammation were excluded. For this analysis, data from one of the first
four centres were excluded, because the centre’s co-management approach substantially
overestimated ascertainment of the time to quiescence and recurrence, because many follow-
up visits were conducted elsewhere. Among the remaining patients (n=6325), those for
whom smoking status was known and who were observed to have active inflammation at
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some point during follow-up and had one or more follow-up visits after that point were
included in this analysis. A total of 3649 patients were therefore excluded because they (1)
had no smoking status information (n=1021); (2) had no active disease during observation
(n=1790); or (3) had no follow-up visits after active inflammation was observed (n=838),
leaving a total of 2676 patients who were “at risk’ for events of interest. While several
differences in baseline demographic information were observed between patients included in
and excluded from the study, these differences were not large and reached statistical
significance only due to the large number of patients in the study. A clinically significant
difference in the prevalence of cataract surgery was noted as patients included in the study
were more likely to have undergone cataract extraction compared with patients excluded
from the study (table 1).

The Institutional Review Boards of all institutions reviewed and approved this study, which
was conducted in accordance with the principles of the Declaration of Helsinki.

Data collection

All data were obtained via a retrospective chart review and entered by expert reviewers into
a standardised computerised database prepared specifically for the SITE Cohort Study, using
a suite of quality control mechanisms designed to minimise errors.! The data utilised for this
analysis included age, gender and race; centre where treatment was administered; laterality
of inflammation; type of ocular inflammation; visual acuity (equal to or worse than 20/50
and 20/200) as obtained by Snellen visual acuity charts; history of cataract surgery; smoking
status (current smoker (smoking at the present time), previous smoker (smoked previously
but not smoking at present) or non-smoker (never smoked)); and inflammatory status
(inactive, active or slightly active). Inflammatory status was categorised for every eye at
every visit, based on the clinician’s notations at the time of each visit. The study defined
‘slightly active” inflammation as ‘activity that is minimally present, described also by terms
such as mild, few or trace cells, etc.”, whereas inflammation was scored as inactive when
described by terms such as ‘quiet’, ‘quiescent’, ‘no cells’ and ‘no active inflammation’. For
the purposes of the analysis, success in controlling inflammation was considered to have
been achieved when a patient improved from ‘active’ to either “slightly active’ or *inactive’,
whereas recurrence or relapse of disease was considered to have occurred when the reverse
took place.

Main outcome measures

The main outcome measures were time to ocular inflammation quiescence (defined as the
time from active disease to inactive disease) and time to ocular inflammation recurrence
(defined as time from inactive disease to active disease)—outcome measures which directly
reflect the underlying inflammatory condition. Furthermore, previous studies have
demonstrated that smokers with scleritis and episcleritis have a delayed response to
treatment.®

Statistical analysis

All statistical analyses were performed using the SPSS statistical package (SPSS, Cary,
North Carolina, USA). All p values are two-sided and nominal. Continuous variables were
compared between the groups using analysis of variance (ANOVA) and categorical
variables were compared using the 2 test. Time to disease quiescence and to relapse were
compared using Kaplan—Meier survival curves and the log rank test. Univariate and
multivariate Cox proportional hazards modelling was used to evaluate prognostic factors
associated with disease control and relapse. Analyses were conducted by patient rather than
by eye; patients were considered to have active disease if either eye had active ocular
inflammation, and were considered quiescent when both eyes were inactive. Univariant
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analyses were not corrected for multiplicity (Bonferroni), and therefore all p values should
be considered as ‘nominal p values.’

Study population

Initial demographic and clinical characteristics of these patients are summarised in table 2.

Overall, 20% of patients in our cohort were current smokers, a figure that is similar to the
National Health and Nutrition Examination Survey estimate that 21% of the US population
age >18 currently smokes.8 Males were over-represented among former smokers (40%) with
respect to non-smokers (34%) and current smokers (35%) (overall p=0.05). The proportion
of non-smokers who were Asian was relatively higher than the proportion of former smokers
and current smokers who were Asian (4%, vs 1% and 2%, respectively), whereas the
proportion of non-smokers who were African-American was relatively low (19%, vs 25%
and 22%) (overall p<0.001). Current smokers were also significantly more likely to have
bilateral ocular inflammation (64%; 95% CI1 60% to 68%) than either former smokers (55%;
95% CI 50% to 60%) or non-smokers (56%; 95% CI 54% to 58%) (overall p=0.03). Eye-
specific characteristics differed in that more eyes of current smokers (58%; 95% CI 54% to
62%) had a Snellen-equivalent visual acuity of 20/50 or worse compared with eyes of non-
smokers (46%; CIl 44% to 48%) and previous smokers (47%; 95% CI 42% to 52%) (overall
p<0.001). A contributing factor to the poorer vision may have been the finding that fewer
smokers had a history of cataract extraction in one or both eyes at the beginning of follow-
up (29%; 95% CI 25% to 33%) compared with non-smokers (34%; 95% CI 31% to 36%)
and previous smokers (40%; 95% CI1 35% to 45%) (overall p=0.004).

Time to control of ocular inflammation

During observation, disease quiescence was achieved in 1567 non-smokers (89%), 361
previous smokers (90%) and 444 current smokers (85%). Smokers experienced a longer
time to control of ocular inflammation compared with non-smokers (p=0.02) and previous
smokers (p=0.04) (overall log rank p=0.05). The median time to resolution of ocular
inflammation was 1.4 months for non-smokers (95% CI 1.3 to 1.5), 1.3 months for previous
smokers (95% CI 1.1 to 1.4) and 1.7 months for current smokers (95% CI 1.5 to 1.9). Cox
regression analysis (table 3) demonstrated that non-smokers and previous smokers achieved
disease quiescence faster than smokers in the crude analysis, but the association was no
longer statistically significant after adjusting for confounding factors (non-smokers vs
current smokers HR=1.11, 95% CI 1.00 to 1.24, adjusted HR=1.09, 95% CI 0.98 to 1.22;
previous smokers vs current smokers HR=1.18, 95% CI 1.03 to 1.36, adjusted HR=1.06,
95% CI 0.92 to 1.23).

Along with smoking status, several factors were significantly associated with the time to
disease quiescence. The likelihood of achieving disease quiescence was lower in younger
patients (vs older patients) and in patients with bilateral disease (vs unilateral disease).
Patients with intermediate uveitis had a marginally significant delay in the time to disease
quiescence, with respect to patients with anterior uveitis.

Time to disease recurrence in eyes with ocular inflammation

Among patients at risk (ie, patients who achieved disease quiescence), disease reactivation
occurred in 845 (54%) non-smokers, 195 previous smokers (54%) and 266 current smokers
(60%). Kaplan—Meier curves depicting time to recurrence for the three groups are given in
figure 1. The survival curves demonstrate that smokers had a shorter time to disease
recurrence compared with non-smokers (p=0.03) and previous smokers (p=0.03) (overall
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p=0.05). The median time to ocular mation inflam-recurrence was 9.4 months for non-
smokers (95% CI 7.7 to 11.2), 10.7 months for previous smokers (95% CI 7.8 to 13.5) and
7.8 months for current smokers (95% CI 5.8 to 9.9). Crude and multivariate Cox regression
analysis (table 4) demonstrated that non-smokers were ~15% less likely to experience a
recurrence of ocular inflammation compared with smokers (non-smokers vs current smokers
HR=0.86, 95% CI 0.75 to 0.98, adjusted HR=0.84, 95% CI 0.73 to 0.97).

Previous smokers also had a longer time to relapse of inflammation than current smokers
(HR=0.81, 95% CI 0.68 to 0.96, adjusted HR=0.90, 95% CI 0.74 to 1.08), although the
association was no longer statistically significant after adjusting for other factors. The risk of
disease recurrence was also increased in younger patients (vs older patients). Recurrence
risk did not differ by site of ocular inflammation.

A total of 213 patients under the age of 18 were included in the analysis, most of them non-
smokers. In a secondary analysis excluding those 213 patients, the Kaplan—Meier survival
curves for time to disease quiescence and time to disease recurrence were unchanged.

Smoking and mortality in the SITE cohort

In the published mortality analysis of the SITE cohort, in which 7957 patients with ocular
inflammation were followed over 66 802 person-years for mortality during 1979-2005,1
current smokers were ~60% more likely to die of all causes and of cancer specifically
(p<0.001 in all analyses), after adjusting for age, race, sex, site of ocular inflammation,
systemic inflammatory disease diagnoses, bilaterality of ocular inflammation, other co-
morbidities and use of systemic immunosuppressive drugs using Cox regression (data not
shown). In contrast, overall mortality and cancer mortality were estimated to be ~20%
higher among former smokers than among non-smokers, a difference which in most
analyses was not statistically significant.

DISCUSSION

Our results suggest that smoking has adverse effects on patients with ocular inflammation,
including a 17-27% higher risk of relapses of inflammation and an ~60% higher risk of
mortality, whereas differences in these outcomes between former smokers and non-smokers
were small and usually not statistically significantly different. Smoking was also associated
with lower visual acuity at the time of presentation, and a greater likelihood of bilateral
inflammation. While this effect is not large, it represents a potential opportunity for
clinically meaningful improvement in the course of ocular inflammation using an
intervention with no adverse side effects (smoking cessation). Furthermore, smoking
cessation has a wide variety of other benefits as smoking is associated with a number of
other ocular and systemic diseases.®12 Smoking cessation has been proposed as one of the
single most valuable steps available to increase health and survival.13 These results suggest
that patients with ocular inflammation should be counselled to stop smoking as part of
routine management.

Few studies have examined the effect of smoking on inflammatory eye disease. A
prospective study of patients with Graves disease treated with corticosteroids and orbital
irradiation demonstrated that clinical activity scores improved faster and to a greater extent
in non-smokers compared with smokers.14 Two retrospective studies examined the effect of
smoking on macular oedema in patients with intermediate uveitis; one found an association
between smoking and cystoid macular oedema (CME) at presentation’ and another found an
association between smoking and reduced vision due to CME (OR 3.2; 95% CI 1.3 to 7.8).15
Of note, patients included in the first macular oedema study were also included in our study
as this patient population is part of the SITE database. In a retrospective study examining the
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effect of smoking in 103 patients with ocular inflammation, Boonman et al found that
smokers were more likely to have poor vision at presentation and to experience a delay in
treatment response compared with non-smokers.® The effect of smoking on the time to
disease quiescence was much larger in this study than in ours (OR 5.4, 95% CI 1.9 to 15.5
by logistic regression analysis vs HR ~1.15). However, comparisons are difficult given that
different definitions were used to assess treatment response, and delay in clinical resolution
was defined as a binary outcome (resolution >4 weeks after starting treatment) rather than as
a continuous variable. As in our study, Boonman et al found that previous smokers (patients
who had not smoked for >1 year) had a clinical course similar to that of non-smokers.

The possible mechanism(s) behind the effects of smoking on treatment response and disease
relapse is unclear. Tobacco may act by decreasing the effectiveness of anti-inflammatory
medication, 16 altering immune responses,17+18 or the many components of tobacco may
cause disease directly.19 Clinically, smoking has been linked with the development of
several autoimmune disease including rheumatoid arthritis, systemic lupus erythematosus
and Graves disease.18:20 Other potential explanations for the noted effect of smoking may
include surface irritation due to tobacco smoke, differences in treatment adherence between
smokers and non-smokers or former smokers, and smoking-associated co-morbidities.

As with all retrospective studies, our results must be interpreted considering the strengths
and limitations of the study. A strength of this study is its large sample size, and
ascertainment of smoking status prior to resolution or relapse of inflammation; limitations
include the inaccuracy of assessing smoking status retrospectively (eg, some patients may
have changed smoking habits after being diagnosed with uveitis but prior to presentation)
and the exclusion of 28% of patients at risk of the event due to a lack of smoking
information. Furthermore, as smoking has been associated with poorer healthcare utilisation
and treatment compliance,21-23 the more severe disease manifestations seen at baseline and
the faster time to disease relapse in the smoking group may in part be due to these factors.
Given the retrospective nature of the study, it is difficult to evaluate the effect of such
factors on the outcome measures. With these limitations in mind, we found that smoking
was cross-sectionally associated with an increased risk of having bilateral ocular
inflammation and of having reduced visual acuity, and was associated with a modest but
clinically relevant shortening of the time between inflammatory relapses among patients
with ocular inflammation. In addition, our study confirms that smoking greatly reduces
overall survival, specifically in the context of patients with ocular inflammation. These data
suggest that cessation of smoking may be beneficial in the management of patients with
ocular inflammation.
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Figure 1.
Kaplan—Meier survival analysis demonstrating time to recurrence of inflammation among
smokers, previous smokers and non-smokers (overall log rank p=0.05).
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Baseline demographic information and eye-specific characteristics in patients included in and excluded from

Table 1
this study
Included Excluded p Value
Patient characteristic
Number 2676 3649
Gender, male (%) 935 (35%) 1358 (37%) 0.12
Race White (%) 1949 (73%) 2705 (74%)  <0.001
Black (%) 97 (4%) 621 (17%)
Other (%) 547 (20%) 182 (5%)
Asian (%) 83 (3%) 141 (4%)
Age, yearsSD 45+19 44+19 0.08
Time from diagnosis to
first visit, months+SD 3870 5183 <0.001
Eye, bilateral disease 1791 (67%) 2555 (70%) 0.008
Eye-specific characteristic™
Inflammation type
Anterior uveitis (%) 1018 (38%) 1614 (44%)  <0.001
Intermediate uveitis (%) 348 (13%) 478 (13%)
Posterior or panuveitis (%) 568 (21%) 885 (24%)
Scleritis (%) 386 (14%) 365 (10%)
MMP (%) 251 (9%) 203 (6%)
Other (%) 105 (4%) 103 (3%)
Snellen-equivalent visual
acuity 20/50 or worse (%) 1336 (50%) 1679 (46%)  0.002
Snellen-equivalent visual
acuity 20/200 or worse (%) 722 (27%) 938 (26%) 0.26
History of cataract 956 (36%) 804 (22%)  <0.001

surgery (%)

*
Eye-specific characteristics were considered present if either eye had the listed finding. MMP, mucous membrane pemphigoid.
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Table 2

Baseline demographic information and eye-specific characteristics by smoking status in patients at the first
visit when active inflammation was observed

Previous Current

Non-smoker smoker smoker p Value

Patient characteristic
Number 1752 401 523
Gender, male (%) 589 (34%) 161 (40%) 185(35%)  0.05
Race White 1280 (73%) 286 (71%) 383 (73%)  <0.001

Black 330 (19%) 101 (25%) 116 (22%)

Other 72 (4%) 10(3%) 15 (3%)

Asian 70 (4%) 4 (1%) 9 (2%)
Age, years+SD 45+21 55+16 42+13 <0.001
Time from diagnosis 3670 43:75 4065 0.19

to first visit, months+SD

Eye, bilateral

A 1147 (65%) 269 (67%) 375(72%)  0.03

Eye -specific characteristic™

Inflammation type

Anterior uveitis 512 (29%) 115 (29%) 141 (27%)
Intermediate uveitis 457 (26%) 76 (19%) 129 (25%)

Posterior or panuveitis 337 (19%) 83 (21%) 107 (21%) 0.003
Scleritis 214 (12%) 56 (14%) 85 (16%)

MMP 163 (9%) 55 (14%) 53 (10%)

Other 68 (4%) 16 (4%) 8 (2%)

Snellen-equivalent visual

actity 20/50 0F Worse 806 (46%) 188 (47%) 301 (58%) <0.001

Snellen-equivalent visual
acuity 20/200 or worse 397 (23%) 93 (23%) 156 (30%)  0.003

History of cataract surgery 601 (34%) 160 (40%) 154 (29%) 0.004

*
Eye-specific characteristics were considered present if either eye had the listed finding. MMP, mucous membrane pemphigoid.
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