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Observations and Research

Risk of Uveitis in Patients With Inflammatory 
Bowel Disease on Immunosuppressive 
Drug Therapy

Julie Barberio, BS,*,  Seoyoung C. Kim, MD, ScD,*,† Miin Roh, MD, PhD,‡  
James D. Lewis, MD, MSCE,§ and Rishi J. Desai, PhD* 

Background: Inflammatory bowel disease (IBD) patients may develop anterior uveitis.

Methods: An observational cohort of IBD patients followed new users of (1) tumor necrosis factor inhibitor versus nonbiologic agents or (2) 
adalimumab versus infliximab until occurrence of anterior uveitis or treatment change/discontinuation. Cox-proportional hazards models esti-
mated hazard ratios in propensity score-matched cohorts of Crohn disease or ulcerative colitis patients.

Results: No statistically significant differences in the risk of uveitis were observed between initiators of nonbiologics and tumor necrosis factor 
inhibitor. Effect estimates for adalimumab versus infliximab were highly imprecise due to limited outcomes.

Conclusions: Uveitis risk was not different between IBD patients treated with immunosuppressives.

Lay Summary
We demonstrate using a large insurance claims database that patients with inflammatory bowel disease newly initiated on (1) a tumor necrosis 
factor inhibitor versus a nonbiologic agent or (2) adalimumab versus infliximab do not have differing risk of developing anterior noninfectious 
uveitis.

Key Words:  adalimumab, inflammatory bowel disease, infliximab, uveitis

INTRODUCTION
Inflammatory bowel disease (IBD) is estimated to affect 

1–1.3 million people in the United States1, 2 and is associated 
with substantial societal burden and high healthcare costs.3, 4  
More than one third of patients with IBD may be affected by 
manifestations outside of the gastrointestinal tract,5 which 
most commonly occur in the joints, skin, and eyes.6 Estimated 
incidence of ocular complications has varied, ranging between 
4% and 30% of patients with IBD, with reports indicating 
higher incidence in patients with Crohn disease (CD) com-
pared with ulcerative colitis (UC).7–12 Uveitis is among the 

most common ocular manifestations, accounting for 4%–6% 
of complications in IBD13–15, and can result in poor vision and 
blindness.16

Nonbiologic and biologic immunosuppressive agents are 
used to induce and maintain remission in IBD.17, 18 Nonbiologics 
immunosuppressives, such as azathioprine, 6-mercaptopurine, 
and methotrexate, have general immunomodulatory prop-
erties,19 whereas biologics target specific components of the 
immune system. For instance, the tumor necrosis factor inhibi-
tors (TNFis) bind to the proinflammatory TNF-α proteins and 
are very effective in reducing inflammation in IBD patients.20 
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In addition to IBD, immunosuppressive agents are indicated 
for managing many other immune-mediated diseases such as 
rheumatoid arthritis and ankylosing spondylitis.21

Nonbiologics and TNFis are often prescribed to IBD pa-
tients with uveitis when inflammation in the eyes fail to resolve 
with the regular course of steroids.22 Recently, in a large ran-
domized controlled trial,23 adalimumab was reported to be effec-
tive in reducing risk of flares and visual impairment in patients 
with noninfectious uveitis. Many small studies have suggested 
that TNFis, particularly infliximab, are effective at suppressing 
uveitis associated with various immune-mediated diseases.24–34 
In a large systematic review, treatment with nonbiologic and 
biologic immunosuppressive agents was noted to be effective in 
controlling autoimmune uveitis.35 As uveitis secondary to IBD 
has immune-mediated origin, it is plausible to hypothesize that 
immunosuppressive treatment may be able to reduce risk of 
uveitis in IBD. No large-scale studies have evaluated the com-
parative risk of uveitis in IBD patients treated with different 
immunosuppressive agents.

The objective of this study was to compare the risk of 
developing uveitis in patients with IBD who were newly ini-
tiated on immunosuppressive medications: (1) nonbiologic 
immunomodulators versus TNFis and (2) adalimumab versus 
infliximab.

MATERIALS AND METHODS

Study Design and Data Source
We conducted an observational cohort study using 

health insurance claims data from the Truven MarketScan da-
tabase, which captures longitudinal, individual-level admin-
istrative claims data from large employers, health plans, and 
public organizations in the United States. This database con-
tains information on 179.2 million enrollees between 2003 and 
2015. The following database tables were available for analysis: 
Enrollment Detail, Inpatient Admissions, Inpatient Services, 
Outpatient Services, Outpatient Pharmaceutical Claims, and 
Long-Term Care.

Cohort Creation
We identified patients with IBD based on an International 

Classification of Diseases, 9th Revision [ICD-9] diagnosis code 
for CD (ICD-9 code 555.xx) or ulcerative colitis (ICD-9 code 
556.xx). We considered these classifications mutually exclusive 
and patients with both diagnoses were not included.

We required the IBD diagnosis code to be followed by 
at least one filled prescription for either a TNF-α inhibitor 
(infliximab, adalimumab, certolizumab, or golimumab) or 
a nonbiologic agent (mercaptopurine, azathioprine, metho-
trexate) during a period of at least 180 days of continuous health 
plan enrollment between January 1, 2003 and September 30, 
2015. Combining diagnosis codes with IBD specific treatment 

dispensing was shown to have a positive predicted value of 90% 
in identifying cases from insurance claims in a previous valida-
tion study.36 We followed a new-user design, requiring all pa-
tients be incident users with respect to both drug classes within 
each comparison, with a wash-out period of 180 days. The date 
of filling the new prescription was defined as the index date. 
Patients initiating an agent from both exposure groups within a 
comparison on the same index date were excluded.

Patients were excluded from the adalimumab versus 
infliximab analysis if  they had prior use of other TNFi drugs, 
certolizumab or golimumab, in the 180  days prior to index. 
Patients were excluded from the nonbiologics versus TNFi anal-
ysis if  they had prior use of cyclosporine in the 180 days prior 
to index and if  their TNFi prescription began during or within 
14 days following a hospitalization to exclude IBD patients who 
may have initiated therapy while in hospital for whom the index 
date would be inaccurate (described below) and with very high 
disease activity.

Outcome Measurement
The outcome of interest was occurrence anterior nonin-

fectious uveitis (ICD-9 codes 364.00, 364.01, 364.04) recorded 
in the inpatient or outpatient setting by an ophthalmologist, 
with a prescription for prednisolone acetate or difluprednate 
eye drops within 30 days before or after the diagnosis. Patients 
with a previous diagnosis of uveitis during the preindex period 
were not excluded from the primary analysis to capture all re-
curring acute episodes in addition to incident episodes. As a 
sensitivity analysis, we changed our primary outcome defini-
tion in 2 ways: (1) the requirement for uveitis diagnosis by an 
ophthalmologist was removed and (2) expansion of the uveitis 
diagnosis codes list to include additional ocular manifestations 
(iridocyclitis [364.3], posterior uveitis [363.2x, 363.0x, 363.10-
.13, 363.15],37 and other disorders of the eye [379.xx]).

Follow-up Period
Patients were followed-up beginning the day after the 

index date. Follow-up was truncated at the earliest occurrence of 
the uveitis outcome, disenrollment from the health plan, death, 
end of data availability, and study end date September 30, 2015. 
Our primary analysis used an “as-treated” follow-up scheme, in 
which patients were only allowed to have a single exposure such 
that follow-up ceased for patients who filled a prescription for a 
drug in the other exposure group or discontinued the index drug 
(defined as not filling a subsequent prescription for 90 successive 
days following the day supply end of the most recent prescrip-
tion). We pursued an “intention-to-treat” follow-up scheme in a 
sensitivity analysis, in which patients were followed-up regardless 
of index drug discontinuation or switching (but retained within 
their original exposure category). Follow-up for all patients in 
this scheme was truncated at 365 days to limit potential for ex-
posed person-time misclassification.
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Covariates
We evaluated baseline covariates during the 180  days 

prior to the index date. This included patient demographic 
characteristics, comorbid conditions (including competing 
indications for immunosuppressive medications), concomi-
tant use of other medications, markers of healthcare utiliza-
tion, and proxy measures of IBD severity. In order to capture 
IBD severity, the following variables for comorbid diagnoses 
and IBD-related healthcare services during the baseline period 
were defined: volume depletion, anemia, malnutrition, active 
fistulizing or internal penetrating disease, obstructing or struc-
turing disease, total parenteral nutrition, blood transfusions, 
intra-abdominal surgeries, number of gastroenterologist visits, 
IBD hospitalization recency, colonoscopy recency, sigmoidos-
copy recency, magnetic resonance imaging (MRI) of the ab-
domen and/or pelvis, computed tomography of the abdomen 
and/or pelvis, and clostridium difficile testing performed. The 
full list of covariates is presented in Table  1. In a sensitivity 
analysis, the preindex period of covariate assessment was ex-
panded to 365 days.

Statistical Analyses
Crude incidence rates of uveitis were reported for both 

exposure groups. Crude incidence rate differences and crude 
incidence rate ratios, along with 95% confidence intervals, 
were presented to compare the unadjusted rate of uveitis in 
(1) nonbiologic immunosuppressive drug-treated versus TNFi-
treated patients and (2) adalimumab-treated versus infliximab-
treated patients.

We used propensity score (PS) methods, conducted 
separately for each comparison and by IBD subtype, to ac-
count for potential confounding. PSs were defined as the pre-
dicted probability of  exposure using multivariable logistic 
regression models including the covariates described above. 
We used 1:1 matching such that each exposed patient was 
matched to one referent patient, with a maximum matching 
caliper of  0.01 on the probability scale. We evaluated balance 
achieved after matching using standardized differences with 
values greater than 0.1 indicating substantial imbalance be-
tween the 2 groups.

Cox-proportional hazards regression models were 
used to estimate hazard ratios (HR) for both comparisons, 
separately for IBD subtype, before and after PS matching. 
Stratification based on IBD subtype was considered to appro-
priately account for confounding because characteristics and 
treatment patterns differ between those with CD and UC.38 
Additionally, it has been suggested that the incidence of  oc-
ular complications including uveitis differs between patients 
with CD and UC.7–12

PS-matched HRs for CD and UC were pooled to pro-
duce overall IBD estimates, based on DerSimonian and Laird 
random-effects estimates.

RESULTS

Study Cohort Selection
The flow chart of patient selection is shown separately 

for each cohort in Figure 1. Of the 773,663 patients filling at 
least one nonbiologic or TNFi prescription, 59,471 met inclu-
sion criteria and were included in the analytic cohort for that 
comparison (37,949 or 63.8% with CD; 21,522 or 36.2% with 
UC). Of the 272,076 patients with at least one prescription for 
adalimumab or infliximab, 40,144 patients met inclusion cri-
teria and were included in the analytic cohort (27,759 or 69.1% 
with CD; 12,385 or 30.9% with UC).

Patient Characteristics
We examined characteristics of  patients in the un-

matched population (see Supplementary Table in Data 
Content 1). IBD patients newly prescribed nonbiologics 
were older than those prescribed TNFi (mean age: 39.63 vs. 
37.89 for CD, 43.68 vs. 41.62 for UC). In both CD and UC, 
TNFi users had higher percentages of  several markers of 
IBD severity during the baseline period (e.g., MRI and com-
puted tomography of  the abdomen and/or pelvis, anemia, 
active fistulizing or internal penetrating disease). TNFi new 
users also had more emergency department visits during the 
baseline period than nonbiologics new users. Nonbiologics 
new users were more likely to have been prescribed several 
comedications during the baseline period compared with 
TNFi new users (e.g., corticosteroids, aminosalicylates, 
noninsulin drugs for diabetes, nonsteroidal anti-inflamma-
tory drug and coxib, opioids, bisphosphonates) and simi-
larly had a higher average number of  distinct prescription 
medications.

IBD patients newly prescribed adalimumab were older 
than those newly prescribed infliximab (mean age: 39.47 vs. 
35.89 for CD, 42.95 vs. 40.67 for UC), and were more com-
monly female (55.6% vs. 52.4% for CD, 50.3% vs. 48.1% for 
UC). In both patients with CD and with UC, the percentage 
of  patients with several key markers of  IBD severity (e.g., 
IBD hospitalization, colonoscopies, MRI of  the abdomen 
and/or pelvis) during the baseline period was observed to 
be significantly higher in new users of  infliximab as com-
pared to those of  adalimumab. However, adalimumab ini-
tiators used other medications including steroids, opioids, 
and nonsteroidal anti-inflammatory drugs more frequently 
during the baseline period when compared with infliximab 
initiators.

The PS matching, conducted separately for each cohort 
and by disease (CD or UC), was successful in achieving bal-
ance between the exposure groups in all measured covariates 
(see Table 1 for patient characteristics in the PS-matched popu-
lation; standardized differences before and after matching pre-
sented in Supplementary Figure in Data Content 2).

https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa041#supplementary-data
https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa041#supplementary-data
https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa041#supplementary-data
https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa041#supplementary-data
https://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otaa041#supplementary-data
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Risk of Uveitis
The total number of uveitis events, total follow-up time, 

rate ratios, rate differences, and hazard ratios are presented in 
Table 2, both before and after PS matching, separately for CD 
and UC.

Crohn Disease
Within the nonbiologics versus TNFi cohort, a total of 

51 events were observed among CD patients. The crude inci-
dence rates per 1000 person-years were 1.9 (95% CI 1.2–2.7) 
among nonbiologic initiators and 1.1 (95% CI 0.7–1.6) among 
TNFi initiators. After PS matching, no differences in the risk 
of uveitis were noted when comparing nonbiologic initiators to 
TNFi with CD (HR 1.22, 95% CI 0.64–2.30).

Within the adalimumab versus infliximab cohort, 
a total of  27 events were observed among CD patients. 
The corresponding incidence rates per 1000 person-years 
among adalimumab and infliximab initiators were 1.2 (95% 
CI 0.7–1.9) and 0.6 (95% CI 0.3–1.2), respectively. Due to 

small event counts, the CIs were wide for this comparison 
and included the null value after PS matching (HR 2.10 
[0.81–5.46]).

Ulcerative Colitis
Within the nonbiologics versus TNFi cohort, a total of 

31 events were observed among UC patients. The crude inci-
dence rates per 1000 person-years were 1.5 (95% CI 0.9–2.3) 
among nonbiologic initiators and 1.6 (95% CI 0.9–2.8) among 
TNFi initiators. After PS matching, no differences in the risk 
of uveitis were noted when comparing nonbiologic initiators to 
TNFi with UC (HR 1.35, 95% CI 0.58–3.12).

Within the adalimumab versus infliximab cohort, a 
total of 12 events were observed among UC patients. The 
corresponding incidence rates per 1000 person-years among 
adalimumab and infliximab initiators were 2.4 (95% CI 1.0–
4.7) and 0.5 (95% CI 0.1–1.2), respectively. Due to small event 
counts, the CIs were wide for this comparison and included the 
null value after PS matching (2.45 [95% CI 0.48–12.62]).

FIGURE 1. Flow chart for patient selection, shown separately for (A) nonbiologic immunosuppressive drug-exposed versus TNFi-exposed patients 
and (B) adalimumab-exposed versus infliximab-exposed patients.
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Overall IBD
The PS-matched HRs obtained for patients with CD and 

UC were pooled to obtained overall IBD estimates (Fig. 2). For 
the nonbiologics versus TNFi comparison, the pooled HR was 
1.27 (95% CI 0.76–2.1). For the adalimumab versus infliximab 
comparison, the pooled HR was 2.18 (95% CI 0.96–4.99).

Sensitivity Analyses
HRs in the PS-matched cohorts are presented for all sen-

sitivity analyses in Figure 2. Overall, sensitivity analyses where 
we changed the follow-up scheme to ITT expanded outcome 
definition to include additional ocular manifestations, changed 
the outcome definition to be more sensitive (less specific) by 

relaxing the requirement for uveitis diagnosis (with any of the 
ICD-9 codes from the original outcome definition) by an oph-
thalmologist, and extended the baseline period to 365  days 
provided results that were qualitatively consistent with the pri-
mary analysis for both comparisons with widely overlapping 
confidence intervals. However, the analysis with more sensitive 
outcome definition as well as the analysis including additional 
ocular manifestations reached statistical significance suggesting 
a higher risk of uveitis with adalimumab versus infliximab in 
UC patients (HR 6.18, 95% CI 1.39–27.41 and 3.23, 95% CI 
1.05–9.90). The analysis where preindex period was extended 
suggested a higher risk of incident uveitis with nonbiologics 
versus TNFi in CD patients (HR 2.08, 95% CI 1.00–4.32).

FIGURE 2. Hazard ratios and 95% confidence intervals for the outcome of anterior noninfectious uveitis in the propensity score-matched cohorts: 
(1) nonbiologic immunosuppressive drug-exposed versus TNFi-exposed patients and (2) adalimumab-exposed versus infliximab-exposed patients.
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DISCUSSION
In this large cohort study, we noted crude rates of uve-

itis in patients with IBD initiating nonbiologic agents or TNFis 
ranged from 1.1 to 1.9 per 1000 person-years. Among patients 
in the adalimumab versus infliximab comparison, the crude in-
cidence rate of uveitis per 1000 person-years ranged from 0.5 
to 2.4. No differences in risk of uveitis were observed after PS 
matching between nonbiologic initiators and TNFi initiators 
with CD (HR 1.22, 95% CI 0.64–2.30) or UC (HR 1.35, 95% CI 
0.58–3.12). For the adalimumab versus infliximab comparison, 
the effect estimates were highly imprecise due to limited number 
of outcome events and were sensitive to variation in outcome 
definition, which precluded a definitive conclusion.

This study is the first large-scale observational cohort to 
investigate the comparative risk of uveitis in patients with IBD 
newly treated with different immunosuppressive agents. Thus, 
we draw on a wider body of literature to put our results into 
context. Previous reports have estimated uveitis to occur as a 
complication in 4%–6% of patients with IBD.13–15 In this study, 
we observed a crude incidence proportion of uveitis ranging 
from 0.05% to 0.21%. It is possible that our observed percentage 
of patients that develop uveitis may be lower than those previ-
ously reported because study time period may not have been 
long enough to capture all eventual cases of uveitis (average of 
follow-up time ranged from 0.84 to 1.13 years per patient). The 
prior literature13–15 examined the prevalence of extraintestinal 
manifestations over periods of 1014, 15 and 2513 years, in co-
horts of patients enrolled from IBD databases15 and referral 
centers,13 which would probably explain the higher frequencies 
reported in those studies. As the present study was conducted 
in a population-based cohort with an average follow-up of 
about 1 year, it is unsurprising that our observed rates are much 
smaller than those reported in the literature. It is possible that 
our results are more accurate in capturing the rates of uveitis in 
treated, contemporary cohorts of IBD patients.

Previous studies have suggested that TNFi treatment may 
be effective in controlling uveitis recurrence in patients with 
immune-mediated diseases24–34 via treatment of ocular inflam-
mation that may be resistant to steroid treatment. However, in 
our study, we observed no differences in the risk of uveitis be-
tween nonbiologic initiators and TNFi initiators or between 
adalimumab and infliximab initiators. Our results may be ex-
plained by several factors. First, although hazard ratios indi-
cated a 2-fold higher risk of uveitis among adalimumab versus 
infliximab initiators, the small event counts provided impre-
cise, nonsignificant estimates. Therefore, it is possible that our 
study may not have the statistical power to detect a difference 
with small magnitude. Second, it is possible that the lack of 
significant difference in this study may be due to our choice 
of  active comparators. The small studies33, 24, 25, 27, 29–31, 28 and a 
recent large randomized controlled trial23 that have examined 
uveitis risk in association with TNFi do not involve active com-
parators. A large systematic review concluded treatment with 

nonbiologic and biologic immunosuppressive agents to both 
be effective in suppressing autoimmune uveitis.35 It is possible 
that reduction of systemic inflammation in IBD patients with a 
nonbiologic agent versus a biologic agent may lead to similarly 
reduced risk of uveitis.

This study has several key strengths. First, the use of the 
Truven MarketScan database allowed us to have a large sample 
size. Use of this database avoids potential bias of studies set 
exclusively in referral centers, particularly when considering the 
estimated incidence of uveitis among a population of patients 
with IBD. Next, the active comparison new-user study design 
used in this study provide protection against confounding by in-
dication and confounding by treatment duration. Furthermore, 
we accounted for many important measured confounders with 
PS matching. Finally, we undertook rigorous sensitivity ana-
lyses varying key assumptions of this study to assess robustness 
of our findings.

Our study has several limitations. There is potential for 
residual confounding by indication due to our lack of ability 
to account for IBD-related disease activity as this information 
is unavailable in insurance claims data. However, many IBD-
related ICD-9 codes were used as proxy variables and adjusted 
for in our analyses. Next, our inability to differentiate between 
patients with CD and UC in our database led to exclusion of 
many patients who had ICD-9 codes for both conditions re-
corded. Previous reports have indicated a higher incidence of 
uveitis in patients with CD when compared with those with 
UC.7–12 In the present study, we found the risk of uveitis to be 
similar among patients with CD and UC in both comparisons 
after PS matching. It is also important to note that this analysis 
did not exclude patients with a previous diagnosis of uveitis 
during the preindex period, with the goal of capturing all clin-
ically relevant recurring acute episodes in addition to incident 
episodes of uveitis. A sensitivity analysis in which the analytic 
cohorts were restricted to incident episodes of uveitis was con-
sidered, but due to small event counts (among CD patients, 22 
incident cases in the nonbiologics vs. TNFi comparison and 6 
incident cases in the adalimumab vs. infliximab comparison; 
among UC patients, 11 incident cases in the nonbiologics vs. 
TNFi comparison and 5 incident cases in the adalimumab vs. 
infliximab comparison), the analysis was not pursued. It is also 
important to note that a lack of data availability from more 
recent years precluded our ability to conduct additional com-
parison of newer biologics, which we recognize as an intriguing 
avenue for future research. Finally, results from several sensi-
tivity analyses, where the outcome definition was varied, which 
were consistent in directionality with the primary analysis, in-
dicated statistically significant differences between adalimumab 
and infliximab groups, suggesting that the primary analysis 
may have had limited power to detect statistically significant 
differences. Although the additional outcome definitions were 
tested to evaluate robustness of our results, we believe that the 
primary outcome definition reflects the most clinically relevant 
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events (anterior noninfectious uveitis cases only) and possesses 
higher validity because it only includes cases where uveitis was 
diagnosed by an ophthalmologist. However, future studies 
with larger event counts may be needed to rule out residual un-
certainty regarding the equivalence in risk of uveitis between 
infliximab and adalimumab.

CONCLUSIONS
In this large observational cohort study of patients with 

IBD initiating treatment with different immunosuppressive 
agents, we observed crude incidence of uveitis per 1000 person-
years ranging from 0.5 to 2.4 across all treatment groups. 
After adjustment for potential confounding factors, no signif-
icant differences in the risk of uveitis were observed between 
nonbiologic and TNFi initiators, suggesting that the effect of 
immunosuppressive treatment on uveitis risk may not be differ-
ential. Despite the numerically elevated risk, due to imprecision 
attributable to small event counts and some inconsistency ob-
served in sensitivity analyses, no definitive conclusion could be 
drawn for the adalimumab versus infliximab comparison.

SUPPLEMENTARY MATERIAL
Supplementary data are available at Crohn’s & Colitis 

360 online.
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