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Abstract

Purpose: To compare the average intraocular pressure (IOP) among smokers, past smokers, and 

never smokers using the American Academy of Ophthalmology Intelligent Research in Sight 

(IRIS) Registry.

Design: Retrospective database study of the IRIS Registry data.

Participants: Intelligent Research in Sight Registry patients who were seen by an eye care 

provider during 2017.

Methods: Patients were divided into current smoker, past smoker, and never smoker categories. 

The IOP was based on an average measurement, and separate analyses were performed in patients 
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with and without a glaucoma diagnosis based on International Classification of Diseases, Ninth 

Edition and Tenth Edition, codes. Stratified, descriptive statistics by glaucoma status were 

determined, and the relationship between smoking and IOP was assessed with a multivariate linear 

regression model.

Main Outcome Measures: Mean IOP.

Results: A total of 12 535 013 patients were included. Compared with never smokers, current 

and past smokers showed a statistically significantly higher IOP by 0.92 mmHg (95% confidence 

interval [CI], 0.88–0.95 mmHg) and 0.77 mmHg (95% CI, 0.75–0.79 mmHg), respectively, after 

adjusting for age, gender, glaucoma, age-related macular degeneration, diabetic retinopathy, 

cataract, glaucoma surgery, cataract surgery, and first-order interactions. In addition, the difference 

in IOP between current and never smokers was the highest in the fourth decade, regardless of the 

glaucoma status (glaucoma group, 1.14 mmHg [95% CI, 1.00–1.29 mmHg]; without glaucoma 

group, 0.68 mmHg [95% CI, 0.65–0.71 mmHg]).

Conclusions: Current smokers and past smokers have higher IOP than patients who never 

smoked. This difference is higher in patients with an underlying glaucoma diagnosis.

Smoking is a major cause of global morbidity and mortality.1,2 Mortality among middle-

aged current smokers is 3 times higher than that of people of similar age, education level, 

alcohol consumption, and body mass index who never smoked.3 With the current rate of 

tobacco consumption, 450 million smoking-attributable deaths are estimated to occur 

between 2000 and 2050, with roughly half of them being in a younger adult population.4 

Thus, smoking is a serious threat to public health. Understanding the extent to which 

smoking affects our health is critical to be able to treat, modify, and prevent any associated 

morbidities and mortalities.

In ophthalmology, smoking has been shown to be associated with various conditions5 such 

as exudative and nonexudative age-related macular degeneration (AMD),6,7 cataract,8,9 

inflammatory diseases,10,11 and thyroid eye diseases.12,13 However, conflicting findings 

exist regarding the effects of smoking on glaucoma or intraocular pressure (IOP). Several 

cross-sectional population studies have found positive, statistically significant associations 

between smoking and increased IOP,14–16 whereas others have found no relationship 

between them.17–19

The American Academy of Ophthalmology Intelligent Research in Sight (IRIS) Registry is 

the nation’s first comprehensive eye disease clinical database, started in 2014. As of 

September 1, 2019, 252.95 million patient visits from 60.78 million unique patients exist in 

the database.20 Given the enormous clinical dataset from more than 15 000 eye care 

providers in the United States,20 the IRIS Registry may provide a unique opportunity to 

perform epidemiologic studies at a population scale, allowing us to identify novel, subtle 

biomarkers related to vision-threatening conditions. Several studies already have been 

published using the IRIS Registry and have reported the epidemiologic features of common 

and rare conditions.21–26 Tobacco use, in particular, may be documented more completely 

because providers are incentivized to screen and document tobacco use in electronic health 

records as part of the Health Information Technology for Economic and Clinical Health Act.
27,28 Thus, we wanted to take advantage of this unprecedented, real-world database and 
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sought to determine associations between smoking and IOP in patients with or without 

glaucoma in this study.

Methods

The methods of data collection and aggregation of the IRIS Registry database have been 

described previously.29 The American Academy of Ophthalmology provided research access 

to a limited version of the IRIS Registry specifically meant for academic research to 4 

different academic institutions in the spring of 2019 (American Academy of Ophthalmology 

IRIS Registry Data Analytic Centers). The version of the IRIS Registry data for this study 

was frozen on July 26, 2019. This version used by the IRIS Registry Analytic Centers was 

code-named as Rome (accessed on August 1, 2019, for this study). This study was 

conducted in accordance with the tenets of the Declaration of Helsinki. Given the use of de-

identified data, the review was exempted by the University of Washington Institutional 

Review Board.

All analyses were performed within the Amazon Web Services virtual private cloud 

environment. A secure virtual private cloud tunnel was created with a secure shell tunnel to 

the Amazon Web Services Redshift cluster housing the IRIS Registry database. An 

r5a.2xlarge elastic computing instance was instantiated with 8 virtual computer processing 

units and 64 gigabytes of random access memory. Ubuntu version 18.04.2 was used as the 

base operating system for the computing instance.

All patients with a documented smoking history and at least 1 IOP measurement between 

January 1, 2017, and December 31, 2017, from the IRIS Registry dataset were included in 

the study. We excluded any persons younger than 20 years and those with a uveitis (291 569 

patients) or ocular trauma (59 022 patients) diagnosis in 2017. Smoking exposure was 

defined as the smoking status recorded for each eye visit across all years. If any discrepancy 

in smoking status existed over the visits of each patient, we used a hierarchical heuristic to 

prioritize past over never over current recorded status over visits. The heuristic is necessary 

because we did not have access to visit month or day nor the order of visits. The heuristic 

behaves in the following fashion for those with more than 1 smoking status denoted in 2017. 

If there is at least 1 past smoker recorded, the patient is assigned to the past smoker group. 

By doing so, we assume that patients transition from active to past and not from past to 

active. If there is at least 1 never smoker listed (and no past smoker), the patient is assigned 

to the never smoker group. We chose this system so that the active smoker group would be 

as conservative as possible, given our study objective to examine the effect of smoking on 

IOP.

The following demographic and clinical factors were extracted: age; gender; smoking 

history (never, past, current); IOP (in millimeters of mercury); several ophthalmic disease 

diagnoses based on International Classification of Diseases, Ninth Edition and Tenth 

Edition, codes, including glaucoma, AMD, diabetic retinopathy (DR), cataract, uveitis, and 

ocular trauma; and history of remote (defined as before 2017) or recent (defined as during 

2017) glaucoma procedures and cataract surgery based on Current Procedural Terminology 

codes (Table S1, available at www.ophthalmologyglaucoma.org, for codes). Intraocular 

Lee et al. Page 3

Ophthalmol Glaucoma. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ophthalmologyglaucoma.org/


pressure and clinical diagnoses data were exclusively from 2017, and no previous year’s data 

were used, with the exception of the cataract and glaucoma procedures. Race and ethnicity 

data were not available. For each patient, 1 eye was chosen at random for primary analyses, 

and the mean IOP was calculated for the chosen eye if multiple measures were obtained 

during the year 2017.

We decided a priori to exclude any IOPs of more than 40 mmHg (less than 2% of all IOP 

data in the IRIS Registry) because of the high likelihood of this being a measurement 

recording error or an acute hypertensive event. We did not exclude any IOPs on the low end 

because IOP measurements are bounded by 0 mmHg. Within our dataset, an IOP of 1 

mmHg was the lowest value recorded. Mean and standard deviations were calculated for 

continuous variables. t Tests were used for pairwise statistics. A multivariate general linear 

regression model was fit to the data using a forward and backward stepwise, Akaike 

information criterion-based selection of the above-mentioned demographic and clinical 

covariates and all possible first-order interaction terms with smoking status. A sensitivity 

analysis for including bilateral IOP data was performed using 1000 bootstrapped estimates 

of coefficients using a mixed linear model compared against a simplified general linear 

model with age, gender, glaucoma diagnosis, and smoking status as covariates. Confidence 

intervals (CIs) were calculated at the 95% level, and the threshold of statistical significance 

was set to 0.05. All statistical analyses were performed with Python software (https://

www.python.org/) and R software (R Foundation for Statistical Computing, Vienna, 

Austria).

Results

A total of 52 378 244 unique patients were encountered from the IRIS Registry database 

from 2013 through 2017. Across all years, smoking was recorded in 62% of all patients, 

which was comparable with the rate of visual acuity recording (65%). Other variables were 

recorded at a lower rate, including IOP (44%), insurance (45%), and marital status (33%). 

The smoking variable was relatively consistent over visits: 85.3% had 1 smoking status 

documented across all years, whereas only 12.8% had 2 smoking statuses documented and 

1.9% had 3 smoking statuses documented.

More than 14 903 371 million patients (23.5%) were seen during the year 2017. Of these, 12 

535 013 patients (84.1%) had IOP and smoking status recorded and did not meet the 

exclusion criteria (Fig 1). These patients had a mean frequency of 3.1 visits/year. Data from 

39 277 679 million clinical visits were used for analyses. Baseline demographic factors are 

shown in Table 1. The mean age was 63.2 years (standard deviation, 15.2 years) and 40.8% 

(n = 5 114 733) were male. Past smokers were statistically significantly older than current or 

never smokers by 9.1 years and 6.2 years, respectively (P < 2.2 × 10−16). Mean IOP was the 

highest in the current smoker group (15.84 mmHg) followed by never smokers (15.47 

mmHg) and past smokers (15.45 mmHg; P < 2.2 × 10−16, analysis of variance, all pairwise 

comparisons with Tukey correction). The proportion of patients with glaucoma was the 

highest in the past smoker group (24.9%) compared with the never (21.9%) or current 

(17.9%) smokers (P < 2.2 × 10−16, chi-square test).
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The difference in IOP among the 3 smoking groups was seen at every year of life except for 

very early life (<30 years) and late life (60–79 years), regardless of glaucoma status (Fig 2). 

As would be expected, IOP was higher in patients with than without glaucoma for each 

smoking category, with a larger variability in IOP observed in the glaucoma group (Fig 2).

The mean difference in IOP between current and never smokers was the highest in the fourth 

decade of life for both the glaucoma group (1.14 mmHg; 95% CI, 1.00–1.29 mmHg) and 

without glaucoma group (0.68 mmHg; 95% CI, 0.65–0.71 mmHg), followed by the third 

decade (1.01 mmHg; 95% CI, 0.80–1.23 mmHg) and the fifth decade (0.98 mmHg; 95% CI, 

0.90–1.07 mmHg) for the glaucoma group and the fifth decade (0.64 mmHg; 95% CI, 0.62–

0.66 mmHg) and the third decade (0.44 mmHg; 95% CI, 0.40–0.47 mmHg) for the without 

glaucoma group (Fig 3). The difference between current and never smokers was higher in 

patients with glaucoma than those without in all decades of life (Fig 3).

The stepwise model selection yielded a model that contained all the demographic and 

clinical covariates as well as first-order interaction terms with smoking, with the exception 

of the interaction between smoking status and DR. Thus, in our multivariate regression 

model, we examined the effect of smoking status adjusted for age, gender, glaucoma, AMD, 

DR, cataract diagnosis, cataract surgery, glaucoma procedures, and all first-order 

interactions after stepwise selection (Table 2; Table S2, available at 

www.ophthalmologyglaucoma.org). Glaucoma was associated most strongly with IOP (β 
coefficient, 1.319; P < 2 10−16) followed by smoking status. Compared with never smokers, 

a 0.915-mmHg higher IOP was associated with current smokers and a 0.769-mmHg higher 

IOP was associated with past smokers, both of which were higher than any other covariates 

in the model, with the exception of glaucoma diagnosis. Females had higher IOPs than 

males by 0.095 mmHg, and a 0.0104-mmHg lower IOP was associated per each year of age 

(P <2 × 10−16). We performed a sensitivity analysis using data from both eyes and found 

little difference in the fitted coefficients (Table S3, available at 

www.ophthalmologyglaucoma.org).

Discussion

In a review of the IRIS Registry of 12 535 013 unique patients who were seen during the 

year 2017 with IOP measurements and smoking status recorded, our study revealed that 

higher IOP is associated with smoking regardless of glaucoma status, after adjusting for age, 

gender, glaucoma, AMD, DR, cataract diagnosis, cataract surgery, glaucoma procedures, and 

all first-order interactions. Younger glaucoma patients who are current smokers showed the 

highest IOP overall. The difference in IOP between never smokers and current smokers was 

the greatest, followed by the difference between never smokers and past smokers.

Smoking and Intraocular Pressure

Although several studies have examined associations between cigarette smoking and IOP, 

the results have been conflicting. The Blue Mountains Eye Study of 3654 patients revealed 

mildly higher mean IOP (16.34 mmHg) in current smokers compared with past smokers 

(16.06 mmHg) and never smokers (16.03 mmHg). This difference in IOP between groups 

was still significant after controlling for age, gender, history of glaucoma, myopia, 
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pseudoexfoliation, systolic blood pressure, family history of glaucoma, and diabetes (P = 

0.017).14 This study included a much higher proportion of current smokers (17.3%) and past 

smokers (49.9%) compared with our study population (6.9% and 24.1%, respectively). 

Interestingly, the mean IOP difference between groups was strikingly similar to what we 

found in our study (0.31 mmHg in the Blue Mountains Eye Study vs. 0.37 mmHg in our 

study), even after controlling for multiple confounders that were not measured in our study. 

In contrast, an Australian population-based cross-sectional study of 4576 participants found 

no association between smoking and IOP in participants with or without glaucoma.17 

However, their study excluded anyone with a history of glaucoma treatment, potentially 

biasing the glaucoma group to only those with mild or undiagnosed glaucoma. The 

Barbados Eye Study of 3752 black participants revealed significant positive associations 

between current smoking and IOP that are similar to our results; however, their study 

excluded those with a prior diagnosis of glaucoma.15

More recent studies reported equally conflicting results regarding smoking and IOP. A 

positive association between IOP and smoking history (multivariate regression coefficients, 

0.143–0.149; P = 0.02–0.03) was found only in men and not in women in a Japanese cross-

sectional study of 1320 residents 28 to 79 years of age.30 However, the number of men was 

approximately 3 times as high as the number of women, different from our predominantly 

female population. Similar to our study, a recent analysis of UK Biobank data from 110 573 

participants with IOP measurements showed that smoking is associated with higher IOP by 

0.19 mmHg in a multivariate model (P < 0.001) that controlled for many covariates such as 

age, gender, ethnicity, blood pressure, refractive error, and self-reported diabetes and 

glaucoma.31

Smoking and Glaucoma

Similar to IOP, associations between current smokers and glaucoma are unclear. Stronger 

evidence exists to suggest potential associations between current smokers and glaucoma than 

between past smokers and glaucoma. The Beaver Dam Eye Study reported no association 

between prevalence of glaucoma and cigarette smoking status after surveying 4926 

participants.18 Their method of glaucoma diagnosis was more standardized than ours by 

obtaining stereoscopic funduscopic photographs of discs and visual fields from all 

participants. Nevertheless, no difference was found among current, past, and never smokers 

in this study. A prospective cohort of 32 570 black women in the Black Women’s Health 

Study found mostly no association between smoking and incidence of glaucoma except for 

younger age (<50 years) with higher consumption of tobacco (>15 cigarettes or >20 pack-

years) compared with never smokers based on survey results.32 We found the highest IOP 

difference between current and never smokers in younger age (20–49 years), thus likely 

supporting our study results. The Nurses’ Health Study of more than 120 000 female 

registered nurses 30 to 55 years of age identified 450 incident cases of primary open-angle 

glaucoma during the follow-up of 1 035 227 person-years.33 Participants were grouped by 

gender and as never, past, and current smokers, and the smoking history was quantified as 

well. After controlling for age, hypertension, and black race, none of the groups showed 

significant associations between smoking and primary open-angle glaucoma.33 However, 

given that all participants were health professionals, their rate of smoking and regular eye 
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examinations in which glaucoma could be detected may be different from the general 

population.

Other studies have shown positive associations between smoking and glaucoma. A large 

study of 16 797 Spanish participants with a mean age of 39 years (standard deviation, 12 

years) detected 184 incident cases of glaucoma during 144 313 person-years (median 

follow-up, 8.5 years) based on questionnaires.34 In this study, current smokers were 88% 

more likely to develop glaucoma compared with never smokers (hazard ratio, 1.88; 95% CI, 

1.26–2.81; P = 0.002) controlling for several covariates such as age, gender, body mass 

index, hypertension, and type 2 diabetes. No significant associations were found between 

past and never smokers (hazard ratio, 1.27; 95% CI, 0.88–1.82). The strengths of the study 

are its large sample size, longitudinal design, and validation of self-reported glaucoma 

diagnoses by ophthalmologists in a subset. The analysis of the National Health and Nutrition 

Examination Survey data from 3864 participants showed an increased odds of having 

glaucoma among current and past smokers per each increase in pack-per-day amount (odds 

ratio, 1.70; 95% CI, 1.08–2.67; P = 0.02).35 The dose-dependent relationship strengthens 

their findings. However, this was a cross-sectional study; thus, the temporal relationship 

between smoking and glaucoma was not ascertained. A meta-analysis of 7 studies (4 cross-

sectional and 3 case-control studies) found a pooled odds ratio of 1.37 (95% CI, 1.00–1.87) 

between current smokers and glaucoma.36 A more recent systematic review of 17 studies (9 

case-control, 5 cohort, and 3 cross-sectional studies) concluded that there is a potential 

association between primary open-angle glaucoma and heavy smoking, but this was based 

on primarily a few case-control studies.37 Many reasons for conflicting results across studies 

exist such as different study populations, designs, and methods of data collection and 

validation. Each study, including ours, provides their unique strengths and valuable 

information from which one can draw inferences.

Intraocular Pressure Associations

Lower IOP in the older age group was unexpected. Previous studies have found inconsistent 

relationships between IOP and age. The cross-sectional Singapore Malay Eye Study of 3280 

participants reported an “inverted U-shape” relationship with increasing age.38 Although the 

decrease in IOP with older age was fairly mild (<0.5 mmHg), the pivotal age at which IOP 

rise stops and starts decreasing was during 60 to 69 years of age, consistent with what we 

found. Interestingly, the inverted U-shape relationship was observed in several other studies, 

such as the Beijing Eye Study and the EPIC-Norfolk Eye Study.39,40 In addition, the authors 

of the UK Biobank study claimed that there is “a hint of the same inverted U trend,” despite 

the overall positive linear associations found between IOP and age.31 Many of these studies 

controlled for several confounders, such as central corneal thickness, refractive error, blood 

pressure, and race, and found similar results as ours, which strengthens the validity of our 

dataset. Potential hypotheses for lower IOP in older patients include decreased production of 

aqueous humor, increased trabecular or uveoscleral outflow, or both, and change in the 

composition of the aqueous humor with age. In addition, cataract extraction may play a role, 

given that all IOPs showed a significantly lowering trend starting approximately late seventh 

decade of life. We found significantly lower IOP in patients who underwent cataract surgery 

before 2017, which supports this hypothesis.
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Also interesting is the finding of higher IOP among current smokers compared with past 

smokers. We would have expected older past smokers to have a longer pack-year smoking 

history than current smokers. Higher adjusted IOP in current smokers suggests that a 

smoking effect may be conferred by current use, but declines or resolves with smoking 

cessationdafter the damage is already done. One study has shown higher IOP in long-term 

smokers compared with nonsmokers to be independent of chronic changes in corneal 

biomechanics such as corneal resistance factor and corneal hysteresis,41,42 and this may 

explain why current smoking status may have more impact than previous history of 

smoking. An increase in choroidal thickness has been shown after smoking, and chronic 

elevation in choroidal thickness may increase the episcleral venous pressure and IOP, which 

may impact both current and past smokers.43 In addition, lower IOP in past smokers also 

could reflect treated glaucoma; however, glaucoma patients in our sample showed higher 

IOP on average than nonglaucoma patients. Nevertheless, it is also possible that smoking 

may not increase true IOP, but rather may influence the corneal biomechanics, resulting in a 

higher measurement than true IOP. If so, smoking itself would not result in increased risk for 

glaucoma. The UK Biobank study supported this idea by showing that the Goldmann-

correlated IOP was associated positively with smoking, whereas corneal-compensated IOP 

was associated negatively with smoking.31 These considerations warrant longitudinal 

analysis as part of future studies.

Using Big Data

When using big data such as the IRIS Registry, it is critical to pose questions and hypotheses 

within the confines of the dataset. Most of the IRIS Registry-related studies so far have 

relied on the combination of International Classification of Diseases and Current Procedural 

Terminology codes to minimize misclassifications or missing data.21–25 Smoking screening 

and cessation is one of the measures included in the Health Information Technology for 

Economic and Clinical Health Act, a program to incentivize providers to report quality 

measures to the Centers for Medicare and Medicaid Services.27,28 Thus, we hypothesized 

that smoking would be one of the most robustly recorded social history variables from the 

IRIS Registry by the eye care team. In addition, the IRIS Registry was designed to improve 

quality and to assist with reporting quality and outcome measures. Therefore, all the 

elements of quality documentation were critical components of the IRIS Registry.44

When we evaluated the recording rate and reliability of smoking exposure, smoking 

exposure was missing in only 7% of data from 2017. In addition, smoking was recorded as 

commonly as visual acuity (63% vs. 65%) throughout all years. Within the same individual, 

the value of recording (current vs. past vs. never smokers) changed between visits less than 

15% of the time. The variation could suggest that providers were assessing the smoking 

status at each visit or a recording error. We do not have pack-per-year history or time since 

quitting data; thus, we are unable to evaluate a possible dose-response relationship of 

smoking and IOP, which is a limitation.

Glaucoma is a leading cause of irreversible blindness worldwide, but most of its known risk 

factors, such as old age, thin central corneal thickness, enlarged cup-to-disc ratio, and black 

race, are not modifiable.45 In our multivariate model that controlled for age, gender, and 
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additional ophthalmic pathologic features, smoking was the most important predictor of IOP 

after the glaucoma diagnosis. The association between smoking and IOP was 

disproportional in the glaucoma group compared with the nonglaucoma group, suggesting 

an effect between cigarette smoking and glaucoma in IOP rise. Interestingly, the prevalence 

of glaucoma was the lowest in current smokers compared with never or past smokers. This 

may have been a result of age, because past smokers were the oldest, followed by never 

smokers and then current smokers. The stepwise reduction in IOP found between current 

smokers, past smokers, and never smokers also is noteworthy and should be considered 

while counseling patients. The global difference in IOP between current and never smokers 

(0.37 mmHg) may seem minimal, but when controlling for all the differences between 

groups, we found an even greater difference (0.915 mmHg). Importantly, in young patients 

with glaucoma (20–39 years), the IOP difference between current and never smokers was 

higher than 1 mmHg (range, 1.01–1.14 mmHg), which should be considered clinically 

significant. The Early Manifest Glaucoma Trial showed that every 1 mmHg of IOP 

reduction is associated with glaucoma risk reduction of 10% to 13%.46 Thus, counseling on 

smoking cessation should be considered in particular in young glaucoma patients.

The IRIS Registry is well positioned to report real-world epidemiologic features and 

outcomes of many ophthalmic conditions. The large number of data points in our study is an 

important strength, enabling us to observe the raw data without relying on complex 

statistical analyses. The availability of participants’ routine clinical data is another strength 

given that large studies often are based on surveys or claims data without relevant clinical 

data. However, whether the IRIS Registry data truly represents the real-world United States 

population is unknown. Given the disproportionate number of female patients compared 

with male patients in this study, a sampling bias may exist. With recent advances in artificial 

intelligence and natural language processing, study questions that require complex analyses 

and perhaps machine learning approaches using the IRIS Registry data likely will be 

possible in the future.47

However, several limitations exist. First, this was a retrospective review of a prospectively 

collected electronic medical record database. The quality of data depends largely on the 

reliable coding and extraction of the medical records. Any electronic medical record-based 

studies are at risk of potential misclassifications because of inaccurate coding, missing data, 

or incomplete data. For example, the vast majority of our cohort (>98%) did not specify the 

method used for IOP measurement, which is an important limitation. Our never smoker 

group could include some patients who do have a smoking history (and vice versa), making 

these groups in actuality more mixed than we acknowledge. However, we found the smoking 

recording to be consistent for more than 85% of all visits. In addition, the potential effect of 

the so-called noise of the data may be less likely to play a major role given the sheer number 

of more than 12.5 million IOP records included in our analyses. It is important to note that 

the difference in IOP that we found with the IRIS Registry database is exquisitely similar to 

that in the Blue Mountains Eye Study, a large population-based study with traditional 

methodologies. The subtle inverted U-shape relationship found in other population-based 

studies was replicated in our study, which may validate the quality of routinely collected 

data in the IRIS Registry.31,39,40 Second, we did not have access to all potential confounders 

of high IOP, such as black race; central corneal thickness; refraction status; IOP-lowering 
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medication; and glaucoma severity, treatment status, or both. We also did not have access to 

month or day of visit, making it impossible to know the order of the IOP measurements, 

smoking statuses recorded, or timing of any procedures. These clinical data may be available 

for research in the near future. Furthermore, we adjusted for confounding variables that were 

available to us, but our results may be influenced by residual confounding or other 

unmeasured covariates. Despite the limitations in our dataset, we found similar results to 

other population-based studies. A more complete dataset is anticipated from the IRIS 

Registry, and better models may be explored in the future. Third, although the IRIS Registry 

captures a substantial amount of the United States population, it may overrepresent or 

underrepresent certain ethnicities or races that may have different risk factors for high IOP 

or glaucoma.48,49 Finally, we are able to evaluate only associations and not causality, similar 

to any other observational studies. Our results have led to interesting hypotheses, and 

prospective studies to test these hypotheses will be important.

In summary, smoking was associated with higher IOP when controlled for age, gender, and 

glaucoma status and other ophthalmic conditions known to raise IOP, which could have 

important public health implications. The largest difference in IOP was found between never 

and current smokers, in particular those who were diagnosed with glaucoma. Despite many 

limitations, big data such as the IRIS Registry provide an important resource for clinical 

epidemiologic studies in ophthalmology.
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Abbreviations and Acronyms:

AMD age-related macular degeneration

CI confidence interval

DR diabetic retinopathy

IRIS Intelligent Research in Sight

IOP intraocular pressure
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Figure 1. 
Flow diagram showing the Intelligent Research in Sight (IRIS) Registry data extraction. The 

number of patients excluded from the study at each step is shown. IOP = intraocular 

pressure.
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Figure 2. 
Graphs showing intraocular pressure by age and smoking status stratified by glaucoma 

status: (A) no glaucoma and (B) glaucoma. Patients who have never smoked are shown in 

blue, past smokers are shown in green, and current smokers are shown in red. The error bars 

represent the 95% confidence intervals.
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Figure 3. 
Box-and-whisker plot showing the mean difference in intraocular pressure (IOP) between 

current smokers and never smokers. Results are stratified by glaucoma (blue) compared with 

patients without glaucoma (red) and by decade of life (x-axis). The error bars represent the 

95% confidence intervals.
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