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Abstract

Purpose To evaluate the association between
cigarette smoking and glaucoma in the
United States population.
Patients and methods US civilian, non-
institutionalized population from 2005 to 2008
administrations of the National Health and
Nutrition Examination Survey that were ≥ 40
years of age with visual fields and optic disc
photographs were included. Diagnosis of
glaucoma was based on the Rotterdam
criteria. Logistic regression modeling was
performed to assess the association between
glaucoma and smoking history, while
controlling for age, gender, ethnicity,
household income, alcohol consumption,
diabetes, and hypertension.
Results In 3864 participants, 212 (5.5%) had
glaucoma (corresponds to a population
weighted glaucoma prevalence of 3.7% in a
total of 83 570 127 subjects). Population
weighted proportion of current smokers was
20.6% and ex-smokers was 28.3%. Participants
with glaucoma were older (63.0± 11.6 vs
56.1± 11.2, P= 0.002), likely to be male (57.1%
vs 49.2%, P= 0.03), to be Black (36.3% vs
20.7%, Po0.001), and to have diabetes (18.9%
vs 12.4%, P= 0.006) and hypertension (50.5%
vs 39.7%, P= 0.003). Current smokers had a
lower odds of glaucoma compared to non-
smokers (OR= 0.61, 95% CI= 0.41–0.88,
P= 0.009), and ex-smokers (OR= 0.46, 95%
CI= 0.28–0.76, P= 0.002). The effect estimates
were similar in adjusted models, but not
statistically significant. Among smokers,
greater pack/day of smoking history was
associated with statistically significantly
higher odds of glaucoma (OR= 1.70, 95%
CI= 1.08–2.67, P= 0.02).
Conclusions Among cigarette smokers,
heavy smoking defined by greater number of
pack of cigarettes smoked per day is
associated with higher odds of glaucoma.
Health care providers should include this

association when counseling patients on their
smoking habit.
Eye (2018) 32, 716–725; doi:10.1038/eye.2017.292;
published online 5 January 2018

Introduction

Smoking has been shown to be an important risk
factor in the development of eye diseases such as
cataract, age-related macular degeneration
(AMD), Graves' ophthalmopathy, diabetic
retinopathy, and dry-eye syndrome.1–6 Because
of the strong associations between smoking and
AMD, the latest 2014 United States (U.S.)
Surgeon General report calls on all eye health-
care providers to assess and address the
smoking status of their patients.7 However, even
though there is compelling evidence that
smoking is associated with some common sight-
threatening diseases, the relationship between
smoking and glaucoma remains unclear.8

A high likelihood of glaucoma has been
reported in smokers with heavy and long
duration of cigarette consumption, according to
some case-controlled studies.9–12 However, in
population-based surveys, no consistent
association between smoking and glaucoma has
been found.13–19 Some studies have even
reported that smoking is associated with a
reduced risk of glaucoma.15,20

Although a positive relationship between
glaucoma and cigarette smoking is disputed by
some researchers, extensive evidence of various
detrimental physiological effects of cigarette
smoking on our body exists in the literature.7

Many active compounds found in tobacco
smoke are toxic to ocular tissues, affecting the
eye through ischemic or oxidative
mechanisms.21

Glaucoma is one of the leading causes of
global blindness with the number of people
affected projected to increase to 111.8 million in
2040.22 There are ~ 1 billion smokers in the
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world, or about 13.5% of the world’s population.23 Even if
smoking is only associated with a small increase of odds
of glaucoma development or in a subtype of glaucoma
patients, an alteration of cigarette-smoking behavior may
have a significant impact globally.
To better study the relationship between cigarette

smoking and glaucoma, a large and representative
sample or population is required. The National Health
and Nutrition Examination Survey (NHANES) is an
annual survey conducted by the National Center for
Health Statistics (NCHS), the Centers for Disease Control
and Prevention (CDC). The survey measures health and
nutritional status in the general U.S. civilian, non-
institutionalized population. The survey draws from a
broad and diverse population in the U.S. and is unique in
combining interviews, physical examinations, and
laboratory tests. The purpose of this study is to evaluate
the association between smoking and glaucoma in
participants of the U.S. NHANES.

Subjects and methods

This study is a retrospective, cross-sectional study based
on the 2005–2006 and 2007–2008 U.S. NHANES
databases. These two cycles of the survey were chosen in
particular, because the examinations included perimetric
testing and optic disc photographs, which can be used to
assess the diagnosis of glaucoma. Data accumulation was
performed by the NCHS with approval from the NCHS
Research Ethics Review Board.24 Data from NHANES are
publicly available without participant's identifiable data
included, so this study received exemption from the
Institutional Review Board of the University of California,
Los Angeles, USA.
In the 2005–2006 and 2007–2008 data cycles, perimetric

testing (N30-5 algorithm of frequency doubling
technology (FDT) perimetry, Carl Zeiss Meditec, Inc,
Dublin, California, USA) and optic disc photographs were
performed on eligible participants. The N-30-5 FDT
screening protocol was administered to survey
participants. It is a 19-point supra-threshold screening test
that was administered prior to the Retinal Imaging Exam.
Exclusion criteria were participants with a documented
non-glaucomatous explanation for abnormal cup-to-disc
ratio (CDR) on optic disc photos (dysplastic disc, marked
anisometropia), and participants with a documented non-
glaucomatous explanation for abnormal visual fields
(retinal vascular disease, macular degeneration,
cerebrovascular disease).
The primary outcome variable was the presence or

absence of glaucoma diagnosis. The algorithms to
interpret the visual fields and optic disc photographs have
been reported in a prior publication.25 Two visual field
tests per eye were administered to each participant, and

an eye was considered to have a glaucomatous visual
field defect (GVFD) if at least 2 locations in both the first
and second tests were below the 1% threshold level, and
at least 1 failed location was the same on both tests (2-2-1
algorithm). Full details of the method of visual field
testing and interpretation are publically available at the
NHANES website.26 The vertical CDR and asymmetry
was used to identify glaucomatous loss of the
neuroretinal rim according to International Society for
Geographical and Epidemiological Ophthalmology
(ISGEO) criteria.27 A CDR value or CDR asymmetry value
outside the 97.5th percentile of normal population was
considered to be possible glaucomatous optic neuropathy
(GON), while value outside the 99.5th percentile was
considered to be probable GON. The GVFD status was
matched with GON status to reach the classification of
definite, probably, possible, or no glaucoma based on the
Rotterdam Eye Study criteria.25,28 Rotterdam Eye Study
criteria was used in order for the results of this study to be
comparable with other studies on NHANES database. For
analytical purposes of this study, participants with both
structural and functional evidence of glaucoma, that is,
definite glaucoma defined by presence of GVFD and
either possible or probable GON, were considered to have
glaucoma.
The primary predictor variable was smoking status.

Exposure variable data regarding smoking included
number of years smoked, number of cigarettes smoked
daily or when quit, age when started smoking and
quitting, age last smoked cigarettes regularly, and serum
cotinine level.
Potential confounding variables were collected from the

NHANES database including age, gender, race/ethnicity,
alcohol consumption, body mass index (BMI, as
continuous variable), education level, annual household
income, self-reported diabetes mellitus and hypertension,
history of steroid use, and refractive error.29,30 The
spherical equivalent of each eye was calculated and
categorized as emmetropia (−0.99 to +0.99 diopters (D)),
myopia (≤−1.00 D), and hyperopia (≥+1.00 D).
Hyperlipidemia and cardiovascular diseases such as
cerebral vascular accident or myocardial infarction were
not included because of the exploratory purpose of our
study. The role of lipid levels on glaucoma risk is still
unclear. A recent risk factors analysis based on the
NHANES 2005–2008 data showed that different
cholesterol levels (total cholesterol, high-density
lipoprotein, low-density lipoprotein) were not associated
with glaucoma, but triglyceride levels≥200 mg/dl were
inversely associated with glaucoma.31 The authors
acknowledged that this effect may be related to use of
systemic medications in people with metabolic
disturbances.31,32 The cardiovascular diseases collected in
the NHANES are self-reported and have strong clinical
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association with underlining diagnoses of diabetes
mellitus and hypertension, which were already included
as potential confounding variables. Use of systemic
phosphodiesterase inhibitors (sildenafil and theophylline)
was found to be associated with greater prevalence of
self-reported glaucoma based on the NHANES 2005–2008
data.33 However, in our sample with both visual field and
optic disc available for diagnosis for glaucoma, the
number of participants reportedly using these two agents
(three subjects were using sildenafil and seven subjects
were using theophylline) was too small for including
these two agents for analysis.

Statistical analysis

All statistical analysis followed the NHANES analytic
guidelines, which incorporate the complex multistage
probability survey design, and sampling weights of
NHANES data.34 The NHANES is a weighted survey
such that each participant carries different sampling
weight, which represents the US population.
Consequently, all computed estimates are truly
representative of the U.S. civilian non-institutionalized
population. The sampling weight of each participant was
provided by in NHANES to calculate the overall US
population 40 years or older, glaucoma prevalence, and
proportion of smokers.35 Descriptive statistics were used
to describe the glaucoma status, smoking exposure and
baseline characteristics for the study population. These
descriptive statistics were calculated and reported based
on unweighted estimates in the study sample and
NHANES population-weighted estimates. Smoking
exposure history was divided into groups of ex-smokers
(those who had quit smoking), current smoker (those who
were smoking at time of survey), and non-smokers (those
who have never smoked). The amount of smoking
exposure in ex-smokers and current smokers combined
was sorted into quartiles based on total number of
cigarettes smoked: 100–1800 cigarettes (equivalent to 0.3–
4.9 pack-years), 1801–6000 cigarettes (4.9–16.4 pack-
years), 6001–12 000 cigarettes (16.4–32.9 pack-years), and
more than 12 000 cigarettes (432.9 pack-years). The pack-
year is a unit to quantify the amount of cigarette smoking
and is calculated by multiplying the number of packs of
cigarettes smoked per day by the number of years the
person has smoked. Multiplication of number of pack-
year by 365.24 days per year and 20 cigarettes per pack
provides us with the number of cigarettes smoked.
Despite the unit being called a pack-year and is widely
used in patient care, the actual unit is simply a total
number of packs or cigarettes smoked. Thus, the amount
of smoking exposure was analyzed based on the number
of packs of cigarettes smoked per day. The effects of

duration of smoking, and in the subset of ex-smokers, the
interval of quitting of smoking were also analyzed.
Cotinine is the primary metabolite of nicotine from

tobacco with a serum half-life of 16 h and can be used as
an objective marker of exposure to cigarette smoke
including secondhand smoke (SHS). Although serum
cotinine level has limitations in differentiating ex-smokers
from non-smokers or representing the amount, duration,
and type of tobacco exposure, it can, at least, provide an
objective way to identify current smokers. Thus, we
separately analyzed the relationship of cotinine level and
glaucoma by dividing the participants into four groups
based on a screening scheme of smokers proposed by
Benowitz et al, Jarvis et al, and recommended by the
Society for Research on Nicotine and Tobacco biochemical
assessment working group: (1) ≥ 14 ng/ml (active
smokers), (2) 0.5–13.9 ng/ml (recent smokers or
significantly exposed to SHS), (3) 0.05–0.49 ng/ml (lightly
exposed to SHS), and (4) o0.05 ng/ml (unexposed).36–38

Cigarette smokers and nonsmokers were distinguished by
the cotinine cutoff of 3 mg/ml based on a representative
US population sample (NHANES data from 1999 to
2004).39

Logistic regression modeling was performed to
assess the association between smoking history and
glaucoma. Unadjusted models were created for history of
smoking, amount and duration of smoking, and
cotinine level as predictors of glaucoma. Variables with a
P-value of less than 0.25 (age, gender, ethnicity,
household income, alcohol consumption, diagnosis of
diabetes and hypertension) were included in an
adjusted model as potential confounders for association
between smoking and glaucoma. Variables that were not
included in the adjusted models were BMI, educational
level, history of steroid use, and refractive errors (all
P≥ 0.25 except for history of steroid use). The number of
participants with history of steroid use (6 participants)
was too low to have any significant effect. Refractive
errors of the right eye categorized into emmetropia,
myopia and hyperopia were not associated with
glaucoma. Analysis was repeated for the left eye and
there was no substantial difference from those found for
the right eye, so only the results of the right eye are
reported here. All analyses were conducted with SAS
version 9.3 (SAS Institute, Inc., Cary, North Carolina,
USA). Statistical significance was defined by P-value of
o0.05.

Results

There were 83 570 127 participants in the weighted 2005–
2006 and 2007–2008 NHANES samples and 3864 actual
participants that met the inclusion criteria. The overall
prevalence of glaucoma was 3.7% (n= 3 076 410) in the
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weighted sample and 5.5% (n= 212) in the actual sample.
The overall population-weighted proportion of current
smokers and ex-smokers was 20.6% and 28.3%,
respectively. For those participants excluded from the
analysis, the population-weighted proportion of current
smokers and ex-smokers was 19.5% and 33.5%,
respectively.
Table 1 summarizes the characteristics of the non-

glaucoma and glaucoma participants in the actual sample.
The mean age (years± SD) of the glaucoma participants
was greater than that of the non-glaucoma participants
(63.0± 11.6 and 56.1± 11.2, respectively, P= 0.002). The
glaucoma group had a higher proportion of males than
the non-glaucoma group (57.1% vs 49.2%, respectively,
P= 0.03), higher percentage of Black participants (36.3%
vs 20.7%, respectively, Po0.001), and higher rate of
diagnosis of diabetes mellitus (18.9% vs 12.4%,

respectively, P= 0.006) and hypertension (50.5% vs,
39.7%, respectively, P= 0.003).
There were no statistically significant differences in

the proportion of smokers or non-smokers between
the group of glaucoma participants and the group of
non-glaucomatous participants. However, the proportion
of ex-smokers was significantly higher in the group of
participants with glaucoma compared to those without
glaucoma (69.8% vs 57.9%, respectively, P= 0.01), and the
proportion of current smokers was significantly higher in
the group without glaucoma compared to the glaucoma
group (42.1% vs 30.2%, respectively, P= 0.01; Table 1).
Table 2 summarizes the relationships between smoking

and glaucoma. In the unadjusted analysis, compared to
non-smokers, ex-smokers had a higher odds of glaucoma
(OR= 1.31, 95% CI= 0.91–1.88, P= 0.15, statistically non-
significant), but current smokers had a lower odds of

Table 1 Characteristics of actual participants in 2005–2006 and 2007–2008 NHANES

All subjects Non-Glaucoma subjects Glaucoma subjects P-value

Total number of subjects 3864 3652 212
Mean age (year± SD) 56.4± 11.3 56.1± 11.2 63.0± 11.6 0.002
Male gender 1917 1796 (49.2%) 121 (57.1%) 0.03
Ethnicity: o0.001
White 1949 1879 (51.5%) 70 (33.0%)
Black 831 754 (20.7%) 77 (36.3%)
Hispanic 934 884 (24.2%) 50 (23.6%)
Others 150 135 (3.7%) 15 (7.1%)

Educational level: 0.50
Less than ninth grade 491 457 (12.5%) 34 (16.0%)
Ninth grade to less than high school graduate 570 537 (14.7%) 33 (15.6%)
High school graduate or general educational development equivalent 951 897 (24.6%) 54 (25.5%)
Some college 1005 954 (26.1%) 51 (24.1%)
College graduate and beyond 846 806 (22.1%) 40 (18.9%)

Annual household income ($): 0.06
o20 000 682 645 (21.7%) 37 (22.0%)
20 000–44 999 1124 1049 (35.2%) 75 (44.6%)
45 000–74 999 778 746 (25.1%) 32 (19.1%)
≥ 75 000 458 441 (14.8%) 17 (10.1%)
≥ 20 000 103 96 (3.2%) 7 (4.2%)

Diabetes Mellitus (self-reported) 492 452 (12.4%) 40 (18.9%) 0.006
Hypertension (self-reported) 1555 1449 (39.7%) 106 (50.5%) 0.003
Steroid use (self-reported) 6 5 (0.2%) 1 (0.9%) 0.23
Body mass index (kg/m2± SD) 29.2± 6.6 29.3± 6.6 28.6± 5.5 0.97
Alcohol consumption (number of drinks/day± SD) 1.7± 2.5 1.8± 2.5 1.4± 1.8 0.24
Refractive error (diopters (D), right eye) 0.50
Myopia (≤ −1.00 D) 882 838 (22.9%) 44 (20.8%)
Emmetropia (−0.99 to 0.99 D) 2076 1964 (53.8%) 112 (52.8%)
Hyperopia (≥ +1.00 D) 901 845 (23.1%) 56 (26.4%)

Non-smoker 1897 1801 (49.3%) 96 (45.3%) 0.25
Smoker (current and Ex-smoker): 1967 1851 (50.7%) 116 (54.7%)
Current smoker 814 779 (42.1%) 35 (30.2%) 0.01
Ex-Smoker 1153 1072 (57.9%) 81 (69.8%)

Cotinine (ng/ml± SD) 62.6±134.3 63.2± 134.8 51.6± 124.4 0.91
Cup/Disc-ratio (± SD, right eye) 0.41±0.12 0.40± 0.11 0.59± 0.14 o0.001
Cup/Disc-ratio (± SD, left eye) 0.41±0.12 0.40± 0.11 0.60± 0.14 o0.001

Bold values are statistically significant P-values (i.e. P < 0.05).
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glaucoma (OR= 0.61, 95% CI= 0.41–0.88, P= 0.009).
Compared to ex-smokers, current smokers had a lower
odds of glaucoma (OR= 0.46, 95% CI= 0.28–0.76,
P= 0.002). Among smokers (ex-smokers and current
smokers), compared to the first quartile of the amount of
smoking, defined by the total number of cigarettes
smoked or pack-years of smoking, heavy smoking (fourth
quartile (432.9 pack-years)) had the highest odds of
glaucoma (OR= 1.50, 95% CI= 0.66–3.42, P= 0.34,
statistically non-significant), while there were no apparent
differences in the odds of glaucoma in other subgroups
(second quartile: OR= 0.89, 95% CI= 0.39–2.04, P= 0.79;
third quartile: OR= 0.88, 95% CI= 0.41–1.89, P= 0.74).
Active smoking defined by cotinine level of ≥ 14 ng/ml
was associated with lower odds of glaucoma compared to
those who were not exposed to cigarette smoke defined

by cotinine level of o0.05 ng/ml (OR= 0.69, 95%
CI= 0.49–0.97, P= 0.03, unadjusted analysis; Table 3)
Although pack-years of smoking is typically used to

quantify the cumulative amount of smoking, the duration
of smoking is not well-represented. Therefore, we
separately evaluated the relationship between the
duration of smoking and the number of packs of
cigarettes smoked per day with glaucoma. Among
smokers, the duration (year) of smoking was not
associated with glaucoma (OR= 1.02, 95% CI= 0.99–1.05,
P= 0.16), but there was a trend of association between the
number of cigarettes smoked per day and glaucoma in the
unadjusted model (OR= 1.31, 95% CI= 0.98–1.75,
P= 0.07, unadjusted analysis; Table 2).
Since ex-smokers have higher odds of glaucoma

compared to current smokers, we evaluated whether the

Table 2 Odds ratios for the presence of glaucoma among smokers vs non-smokers of the actual participants in 2005–2006 and 2007–
2008 NHANES

Unadjusted Unadjusted Adjusteda Adjusteda

Odd Ratio (95% CI) P-value Odd Ratio (95% CI) P-value

Smoking History
Ex-smokers vs Non-smokers 1.31 (0.91–1.88) 0.15 1.15 (0.69–1.92) 0.59
Current smokers vs Non-smokers 0.61 (0.41–0.88) 0.009 0.68 (0.41–1.12) 0.13
Current smokers vs Ex-smokers 0.46 (0.28–0.76) 0.002 0.59 (0.29–1.20) 0.14

Among smokers (Ex-smokers and Current smokers):
Smoking duration (per year) 1.02 (0.99–1.05) 0.16 1.00 (0.97–1.02) 0.82
Smoking amount (per pack/day) 1.31 (0.98–1.75) 0.07 1.70 (1.08–2.67) 0.02

Pack-years of smoking
First quartile (0.3–4.9 pack-years) 1 (Reference) 1 (Reference)
Second quartile (4 4.9–16.4 pack-years) 0.89 (0.39–2.04) 0.79 0.59 (0.23–1.55) 0.29
Third quartile (4 16.4–32.9 pack-years) 0.88 (0.41–1.89) 0.74 0.74 (0.27–2.04) 0.56
Fourth quartile (4 32.9 pack-years) 1.50 (0.66–3.42) 0.34 1.41 (0.44–4.54) 0.56
Cotinine level (43ng/ml) 1.00 (1.00–1.00) 0.35 1.00 (1.00–1.00) 0.70

Among ex-smokers
Interval since quitting smoking (per year) 1.02 (1.00–1.05) 0.05 0.99 (0.96–1.04) 0.91

aAdjusted for age, gender, ethnicity, household income, alcohol consumption, diagnosis of diabetes and hypertension. Bold values are statistically
significant P-values (i.e. P < 0.05).

Table 3 Odds Ratios for the different cotinine levels and the presence of glaucoma of the actual participants in 2005-2006 and 2007-
2008 NHANES

Unadjusted Unadjusted Adjusteda Adjusteda

Odd Ratio (95% CI) P-value Odd Ratio (95% CI) P-value

Cotinine level
o0.05 ng/ml (unexposed) 1 (Reference) 1 (Reference)
0.05–0.49 ng/ml (lightly exposed to secondhand smoke) 1.02 (0.59–1.76) 0.96 0.89 (0.46–1.70) 0.72
0.5–13.9 ng/ml (recent smokers or significantly exposed to
secondhand smoke)

1.04 (0.58–1.87) 0.90 1.11 (0.56–2.22) 0.76

≥ 14 ng/ml (active smokers) 0.69 (0.49–0.97) 0.03 0.88 (0.56–1.39) 0.59

aAdjusted for age, gender, ethnicity, household income, alcohol consumption, diagnosis of diabetes and hypertension. Bold values are statistically
significant P-values (i.e. P < 0.05).
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risk of glaucoma changes over time in ex-smokers.
Among ex-smokers, each year of quitting smoking was
associated with a 2% increase in the odds of having
glaucoma (OR= 1.02, 95% CI= 1.00–1.05, P= 0.05,
unadjusted analysis; Table 2).
Adjusted models were created by including variables

that had P-values o0.25 (age, gender, ethnicity,
household income, alcohol consumption, diagnosis of
diabetes, and hypertension) as potential confounders in
the relationship between smoking and glaucoma. In the
adjusted models, the results were not statistically
significant, except that the association in smokers between
each pack of cigarettes per day increase and glaucoma
became stronger (OR= 1.70, 95% CI= 1.08–2.67, P= 0.02;
Tables 2 and 3) As myopia is considered a possible risk
factor for glaucoma according to some studies,40 we
reanalyzed the data by adding myopia as a confounding
factor in the adjusted model and found that the
significance of the results remained unchanged. In
particular, in the adjusted model with myopia included as
one of the confounding factors, the association in smokers
between each pack of cigarettes per day increase and
glaucoma remained statistically significant (OR= 1.52,
95% CI= 1.01–1.28, P= 0.04).

Discussion

In this cross-sectional study based on the 2005–2006 and
2007–2008 NHANES databases, a nationally
representative health examination survey on U.S. civilian,
non-institutionalized population, we found a statistically
significant association between cigarette smoking and
glaucoma. Most of the association between smoking and
glaucoma lose significance in adjusted analysis
suggesting that the associations are due to confounding.
However, among smokers, greater pack per day of
smoking history was associated with higher odds of
glaucoma after adjusted for confounders.
The relationship between smoking and glaucoma has

been conflicting and not, as well delineated as that
between smoking and other ocular diseases such as
cataract and AMD.2,3,8 Although a few studies have
shown a positive association between smoking and
glaucoma, no association was found in population-based
studies. In a case-control study using an exploratory
health questionnaire comparing 83 patients with definite
primary open angle glaucoma (POAG), 121 POAG
suspects, and 237 controls, current cigarette smoking was
found to be positively associated with glaucoma
(OR= 2.9; 95% CI 1.3–6.6).9 Fan and associates reported
an almost 11-fold increase in the odds of POAG in 32
Chinese cigarette smoking adults compared to 96 age and
sex-matched controls.10 In a prospective study following a
large cohort of Black Women’s Health Study participants

from 1995 to 2007, Wise and co-authors reported that
POAG was associated with both long-duration and high-
intensity current smoking.11 However, when smoking as
a life-style variable was examined in population-based
studies, including the Beaver Dam Eye Study, Rotterdam
Study, Proyecto Visual and Eye Research, Los Angeles
Latino Eye Study, Behavioral Risk Factor Surveillance
System, Nurses’ Health Study (NHS), Health
Professionals Follow-up Study (HPFS), and the
Thessaloniki Eye Study, no association was found
between smoking and glaucoma.13–19

The discrepancies among studies on the association
between smoking and glaucoma may be partly due to the
complexity of the relationship. In the univariate analysis
of our study, it was found that current smokers seemed to
have reduced odds and ex-smokers higher odds of
glaucoma compared to non-smokers. Such an opposite
association between different histories of smoking habit
and glaucoma may have led to inconsistent or conflicting
results in population-based surveys. A similar finding
was reported by Ko and associates analyzing a number of
risks factors for glaucoma also based on the NHANES
data from 2005 to 2008.31 In this analysis, participants
with glaucoma were less likely to be current smokers than
non-smokers (9.0% vs 20.7%, respectively, P= 0.002).
However, it is unclear if ex-smokers were included in the
non-smokers category or simply excluded from the
analysis.31 In our study, active smoking defined by
cotinine level was also associated with lower odds of
glaucoma compared to those without exposure to
cigarette smoke (OR= 0.69, 95% CI= 0.49–0.97, P= 0.03).
Although in Ko’s study and our study, associations found
in the univariate analysis were not statistically significant
when adjusted for other variables, the possibility of lower
odds of glaucoma in current smokers as compared to non-
smokers or ex-smokers is intriguing and has been
reported in the literature.15,20,41 A modest inverse
relationship has been observed in a study based on the
NHS and HPFS data that greater pack-years of smoking
was associated with lower odds of glaucoma (relative risk
(RR) 0.78, 95% CI= 0.55–1.11) compared to those who had
never smoked.15 A follow-up study showed that smokers
with greater pack-years of cigarette smoking had a
significantly lower risk of glaucoma with paracentral
visual field defect compared with glaucoma with
peripheral visual field defect (per 10 pack-years; hazard
ratio (HR)= 0.92 (95% CI= 0.87–0.98) vs HR= 0.98 (95%
CI= 0.94–1.01), respectively).33 Studies on the effects of
low doses of nicotine on different subtypes of glaucoma
or glaucoma at different stages may further elucidate the
effects of nicotine and cigarette smoking.
Smoking may have multiple detrimental effects on the

eye. Various mechanisms that can compromise the ocular
circulation have been proposed, including
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vasoconstriction of the episcleral veins,34 compromised
arterial blood flow to the optic nerve head,42,43 alterations
in ocular blood flow,43-45,, and increasing blood viscosity
and inducing vasospasms.20,46,47 Smoking also enhances
the generation of free radicals and decreases the levels of
antioxidants in the blood circulation, aqueous humor, and
ocular tissue.48 Increased oxidant stress was shown in the
anterior segment, for example, trabecular meshwork as
well as in the posterior pole of glaucoma patients.49

Inflammation and apoptotic marker levels in aqueous
humor and plasma were found to be increased in smokers
as well.50

Despite the adverse effects of smoking or nicotine on
ocular circulation and tissues, protective mechanisms of
nicotine on the optic nerve circulation have been
proposed. Nicotine may induce the liberation of nitric
oxide from perivascular nitrergic neurons, resulting in
vasodilatation.19,51,52 In a case-control study based on the
data of the NHS and the HPFS, association between
cigarette smoking and glaucoma was found to be
dependent on nitric oxide synthase 3 (NOS3) gene
variations.53 Variations in NOS3 single-nucleotide
polymorphisms would affect levels of nitric oxide derived
from vascular endothelium. However, different nitric
oxide levels can result in opposite effects. While high
levels of nitric oxide can induce beneficial vasodilation
that leads to increased optic nerve blood flow, nitric oxide
can also induce hyperperfusion damage and reactions
that form peroxynitrites, free radicals that induce retinal
ganglionic cell death.53 Thus, it is possible that cigarette
smoking or nicotine may have both adverse and
protective effects on the optic nerve.
Other nicotinic neuroprotective effects for glaucoma

have been proposed. In an in vivo glaucoma model by
injecting sodium chloride into the episcleral veins of adult
Long Evans rat eyes, prior intravitreal injection of an
alpha-7 nicotinic acetylcholine receptor agonist,
PNU-282987, was found to have a neuroprotective effect
against loss of retinal ganglion cells.54 Eye drops of
PNU-282987 given topically were detectable in the retina
and were found to have similar neuroprotection in a dose-
dependent manner.55 However, the glaucoma model used
in these studies may not be analogous to how glaucoma
develops in human and the route of nicotine absorption
from smoking is apparently different from those used in
these experiments.
A loss of a possible neuroprotective effect of nicotine

may be the reason behind the increased likelihood of
glaucoma amongst ex-smokers in our study. A similar
increased risk amongst ex-smokers as compared to
current smokers is also observed in Parkinsonism: a
chronic, neurodegenerative disease.56–58 However, it may
also be due to a lower tendency to develop a smoking
habit or a greater ease of quitting smoking as in

Parkinsonism.59 Changes in life-style and behavior are
quite common in patients with a chronic and potentially
debilitating disease. It is possible that glaucoma patients
are more likely to quit smoking after being diagnosed
with glaucoma or more motivated to quit smoking from
other medical problems directly or indirectly related to
smoking, such as pulmonary and cardiovascular diseases
that may have some contribution to the development and
progression of glaucoma. It is important to emphasize
that age factor cannot be ignored, since a smoker ages as
each year interval since quitting smoking, and the result
of higher odds of glaucoma amongst ex-smokers was
statistically non-significant in adjust analysis.
The current study suggested that heavy smokers

(fourth quartile) have a higher risk of glaucoma compared
to mild or moderate smoking. Similar results were noted
in a case-controlled study by age-matching 339 patients
with glaucoma and 339 patients with ocular
hypertension.12 Glaucoma was found to be associated
with higher frequency of heavy smoking (40 pack-years
or more, OR= 3.93), but not with moderate (20–40 pack-
years) and mild smoking (o20 pack-year).12 The cutoff
for defining heavy smoking is similar to our study (32.9
pack-years or 12 000 cigarettes). This suggests that the
protective effects of smoking, if there are any, may be
eliminated in heavy smoking. In addition, the dependence
and addictive potential of nicotine or smoking is well-
proven, and that any recommendation of using smoking
as a mean of neuroprotection is irresponsible and
dangerous.7

Our study has several limitations primarily related to
its cross-sectional design. Since the time of glaucoma
onset was unknown, the status of smoking might not be
ascertained at the time of glaucoma onset. For instance, a
glaucoma subject who currently smokes might have
started smoking after glaucoma onset, that is, a non-
smoker at the onset of glaucoma; whilst a glaucoma
subject who is an ex-smoker might have been a current
smoker at the onset of glaucoma, that is, the subject quit
smoking after a glaucoma diagnosis. Moreover, even
though statistical methods were used to adjust for
confounding variables, their influence may not be
completely controlled. Because several of the variables,
such as smoking, diagnosis of hypertension, and
diagnosis of diabetes are self-reported, there are
measurement error and recall bias. Although serum
cotinine level provides an objective measure for verifying
current smoking status, it cannot be used to differentiate
ex-smokers from non-smokers, and the level changes over
time after smoking.38 The analysis of this study did not
include intraocular pressure as it was not collected in the
NHANES. Intraocular pressure data might further refine
the classification of some participants in addition to
ISGEO criteria. By using both structural and functional
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criteria to diagnose glaucoma, we believe our study has
identified participants with glaucoma more accurately
than studies that relied solely on self-reporting criteria.
Despite more stringent criteria, a large representative
population-based sample could still be included in our
analysis. Since the glaucoma status could not be assessed
in those participants that were not included in our study,
their relationships between the smoking status and
glaucoma could not be analyzed, though we believe that
they should not be different from our study sample.
Another limitation is that information on electronic
cigarette usage, nicotine replacement therapies (NRT) and
other non-cigarette smoking products (for example.
cigars, water pipes, bidis, kreteks, and cheroot) was not
obtained in detail. Further studies examining the effects of
NRT upon glaucoma are warranted due to their
widespread use and elimination of the numerous toxic
ingredients from cigarette smoke.60

Summary

What was known before
K Even though there is compelling evidence that smoking is

associated with some common sight-threatening diseases
such as cataract and age-related macular degeneration, the
relationship between smoking and glaucoma remains
unclear.

K Glaucoma is one of the leading causes of global blindness
and there are approximately 1 billion smokers in the
world, or about 13.5% of the world's population.

K Even if smoking is only associated with a small increase of
odds of glaucoma development or in a subtype of
glaucoma patients, an alteration of cigarette-smoking
behavior may have a significant impact globally.

What this study adds
K Multiple factors of smoking on ocular health and our body

and the complexity of the relationship between smoking
and glaucoma may be the reason of discrepancies among
studies on their association.

K Among smoker, heavy smoking defined by greater pack/
day of history of cigarette smoking is shown to have a
statistically significant association with higher likelihood
of a diagnosis of glaucoma.

K Eye-health care providers should consider this association
when counseling patients on their smoking habit.
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