Glaucoma and
vitamins A, C, and E
supplement intake
and serum levels in a
population-based
sample of the
United States

Abstract

Purpose To investigate the potential
association between glaucoma prevalence
and supplemental intake, as well as serum
levels of vitamins A, C and E.

Methods This cross-sectional study included
2912 participants in the 2005-2006 National
Health and Nutrition Examination Survey,
age >40 years, who self-reported a presence
or absence of glaucoma. Participants were
interviewed regarding the use of dietary
supplements during the preceding 30-day
period. Participants also underwent serum
measurements of vitamins A, C, and E (both
alpha- and gamma-tocopherol). Information
on the primary outcome measure, presence or
absence of glaucoma, as well as demographic
information, comorbidities and health-related
behaviors, was assessed via interview.
Results Multivariate odds ratios for self-
reported glaucoma, comparing the highest
quartile of consumption to no consumption,
and adjusted for potential confounding
variables were 0.48 (95% confidence interval
(CI) 0.13-1.82) for vitamin A, 0.47 (95% CI
0.23-0.97) for vitamin C, and 2.59 (95% CI
0.89-7.56) for vitamin E. Adjusted odds ratios
for self-reported glaucoma comparing the
highest vs lowest quintiles of vitamin serum
levels were 1.44 (95% CI 0.79-2.62) for
vitamin A, 0.94 (95% CI 0.42-2.11) for vitamin
C, 1.40 (95% CI 0.70-2.81) for alpha-
tocopherol, and 0.64 (95% CI 0.24-1.70) for
gamma-tocopherol.

Conclusion Neither supplementary
consumption with nor serum levels of
vitamins A and E were found to be
associated with glaucoma prevalence. While
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low- and high-dose supplementary
consumption of vitamin C was found to be
associated with decreased odds of glaucoma,
serum levels of vitamin C did not correlate
with glaucoma prevalence.
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Introduction

Glaucoma is a chronic, irreversible optic
neuropathy, for which the only confirmed
modifiable risk factor is intraocular pressure
(IOP). There has been longstanding interest in
the potential impact of environmental or
lifestyle factors such as diet composition on
glaucoma development and progression, either
via an effect on IOP, or through more direct
mechanisms such as modification of retinal
ganglion cell apoptosis.! Identification of
lifestyle factors impacting glaucomatous disease
may provide the basis for elucidating novel
therapeutic targets and paradigms beyond the
tried and true methods of preventing and
treating the disease through medical and
surgical IOP lowering.

Based upon what is known about antioxidant
vitamins, it can be hypothesized that these
common dietary supplements may be of interest
as potential neuroprotective agents by
defending against oxidative stress in the
pathogenesis of glaucoma and retinal ganglion
cell injury.Z'3 Vitamin E, most widely available
in the United States diet as gamma-tocopherol
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and in most supplements as its most biologically active
form, alpha-tocopherol, is an important natural
antioxidant with additional putative antiproliferative
properties that may potentially be beneficial in the
treatment of glaucoma.* In the eye, vitamin E is
regenerated through reactions with vitamin C, another
antioxidant found in the aqueous humor.®> Two
previously conducted epidemiologic studies, which
focused on dietary risk factors for glaucoma, did not
yield consistent associations between glaucomatous
disease and the intake of antioxidants and vitamin
nutrients,®’ with subsequent research relating glaucoma
to serum vitamin levels being confined to small clinic-
based case-control studies.®’

The National Health and Nutrition Examination
Survey (NHANES), conducted by the Centers for Disease
Control and Prevention (CDC), is an annual national
population-based study, which provides information
regarding the health of the United States population. It
includes an extensive interview portion that determines
information regarding a variety of health conditions and
medication use, as well an objective physical
examination component. The 2005-2006 data release of
NHANES included measurements of serum levels of
several vitamins in addition to a detailed assessment of
participants’ use of dietary supplements. We used this
extensive, nationally representative sample to study the
association between glaucomatous disease and vitamin
A, C, and E consumption.

Materials and methods
Sample and population

Publicly available data from the 2005-2006
administrations of the NHANES,!0 a cross-sectional
series of interviews and examinations of the civilian,
non-institutionalized population of the United States,
was used to assess the relationship between self-reported
glaucoma and the intake of vitamins A, C, and E as
determined by interview and confirmed by serum
vitamin levels. Overseen by the CDC, NHANES
administers interviews and examinations of ~5000
persons per year in an effort to accumulate US health
statistics. This population-based study uses a stratified
multistage sampling design that requires a weighting
scheme to provide optimal estimates regarding the
prevalence of many chronic diseases in the US
population.

A total of 2934 participants in NHANES between 2005
and 2006 who were 40 years and older and underwent
both the interview and examination portions of the study
were included in our analysis. An additional 21
participants were excluded because of reported
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uncertainty regarding whether or not they had
previously been diagnosed as having glaucoma, and
1 participant was excluded for not answering the
question pertaining to glaucoma diagnosis.

Measures

The intake of vitamins A, C, and E from dietary
supplements and antacids served as primary predictor
variables. NHANES included a home interview
regarding the use of prescription and non-prescription
dietary supplements and antacids that had been
consumed during the 30-day period before the interview.
This information was aggregated to determine the
average daily intake for each vitamin from the
consumption of dietary supplements and antacids. The
population was divided into quartiles of intake for each
of the vitamins under study, and an additional ‘no intake’
group was created such that there were a total of five
categories of supplemental intake for each vitamin. In
addition, NHANES measured the serum levels of
Vitamins A, C, E (as alpha-tocopherol and gamma-
tocopherol) for participants undergoing a laboratory
examination.!! The serum level of each vitamin was also
divided into quintiles, and given that there was a very
small group with zero serum vitamin levels, a total of
five categories of serum vitamin levels were also created
for purposes of assessing the association with glaucoma
prevalence.

Serum concentrations of vitamins A, alpha- and
gamma-tocopherol were measured using high-
performance liquid chromatography (HPLC) with
photodiode array detection. Serum concentration of
vitamin C was measured using isocratic HPLC with
electrochemical detection at 650 mV. All serum
specimens were collected using standard venipuncture
techniques, frozen at —70°C, and shipped to the
Division of Laboratory Sciences, National Center for
Environmental Health, and CDC for analysis. Before
transport, vitamin C samples were prepared from fresh
serum harvested from blood, mixed 1:4 with 6% (60 g/1)
metaphosphoric acid solution in order to acidify the
serum and stabilize the ascorbate before shipment.
Samples were collected in morning and afternoon
sessions and were not required to be collected in the
fasting state.

Two types of quality control (QC) measures were
utilized during sample processing. Blind QC specimens
were inserted into sample batches before arrival at the
lab. These blind QC specimens were prepared at either
high or low concentration to emulate the patient samples,
with labels identical to those used for patient samples.
One blind QC specimen was randomly included in every
batch of 20 specimens that were analyzed. In addition,



bench QC specimens were prepared from three serum
pools representing low, intermediate, and high levels of
the analyte in question. These were prepared in the same
manner as patient samples and analyzed in duplicate at
the beginning and end of each run. Results not meeting
strict QC control criteria were not reported. The
coefficients of variations ranged from 3.0 to 3.5 for
vitamin A, 2.4 to 2.5 for alpha-tocopherol, 2.3 to 2.9 for
gamma-tocopherol, and 3.7 to 5.7 for vitamin C.!!

The presence or absence of self-reported glaucoma
served as the primary outcome variable. Variables
considered to be potential confounders before data
analysis included age, sex, race, annual household
income, and education; health-related behaviors such as
smoking (current, past, or never) and alcohol use
(number of alcoholic drinks per day over the last year);
body mass index (BMI); comorbid medical conditions
such as self-reported history of osteoporosis, kidney
failure, stroke, thyroid disease, emphysema, liver
disease, cancer, congestive heart failure (CHF), diabetes,
angina, coronary heart disease (CHD), myocardial
infarction (MI), and chronic bronchitis; whether or not
the patient was taking treatment for anemia in the prior
3 months; comorbid eye conditions such as self-reported
history of cataract extraction, diabetic retinopathy, and
macular degeneration; self-reported general health
condition (self-rated as excellent or very good, fair, or
poor or very poor); and spherical equivalent on objective
refraction. Of note, some participants were unable to
provide annual household income information within
specific ranges. In such circumstances, participants were
asked to note whether annual household income was
above or below $20000. Thus, there is a small proportion
of participants for whom annual household income is
known to be above $20 000, but more detailed
information is unavailable.

Data analysis

Design-adjusted Rao-Scott Pearson-type 3> and Wald
tests were used to compare the distribution of possible
confounding variables between participants with and
without self-reported glaucoma for categorical and
continuous variables, respectively. Several multivariate
logistic regression models were created by sequential
addition of potential confounding variables. These
models were used to examine the possible independent
association between categories of supplemental vitamin
intake, or serum vitamin levels, and self-reported
glaucoma. The final multivariate models excluded
potential confounding comorbidities not found to be
significant at the P<0.1 level in the multivariate model.
These excluded confounders were spherical equivalent
on objective refraction; BMI; self-reported macular
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degeneration; coexistent medical conditions including
kidney failure, osteoporosis, stroke, CHF, diabetes, CHD,
M, liver disease, emphysema, and chronic bronchitis;
and treatment for anemia in the past 3 months. In an
effort to most accurately estimate confidence intervals
around point estimates, the analysis was performed in
Stata 12.0 (College Station, TX, USA) using weighted
data, and SEs of population estimates were calculated
using Taylor linearization.

Results
Population characteristics

The 2005-2006 NHANES data yielded 2912 participants
aged 40 years and older, who participated in both the
interview and examination portions of the study and
were able to self-report a presence or absence of
glaucoma. Of these participants, 203 self-reported
glaucoma, representing 5.42% (SEM 0.5%) of the US
population.

Table 1 presents information on demographics, health-
related behaviors and comorbidities of the study
population, categorized by whether participants self-
reported the presence or absence of a glaucoma
diagnosis. Among the several demographic
characteristics that differed significantly between these
two populations was the mean age of those with and
without glaucoma, found to be 67.4 years (SEM 1.36
years) and 56.5 years (SEM 0.71 years), respectively
(P<0.0001). Other parameters found to vary between
groups included race (P =0.0023), annual household
income (P =0.0466), smoking status (P =0.0006), and the
average daily number of alcoholic drinks consumed over
the past year (P =0.0228). While self-reported general
health condition did not differ significantly between the
two groups, those who self-reported glaucoma had a
significantly higher prevalence of AMD (P =0.0004),
diabetic retinopathy (P =0.0004), and history of cataract
extraction (P <0.0001).

Intake of supplemental vitamins A, C, and E

Multivariate logistic regression models were constructed
to assess the odds of having a glaucoma diagnosis based
upon the supplemental consumption of vitamins A, C,
and E (Table 2), while adjusting for potential
confounding variables. Each model successively adjusted
for additional confounders, with model A adjusting only
for age, model B for age and other demographic
characteristics, and model C for age, demographic
characteristics, health-related behaviors, self-reported
general health condition, and comorbidities. Medical and
ocular comorbidities were excluded from consideration
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Table 1 Demographics, health-related behaviors, and comorbidities of participants with and without self-reported glaucoma

Self-reported no glaucoma Self-reported glaucoma
P-value
Mean or % SE Mean or % SE
Demographics
Age (years) 56.5 0.71 67.4 1.36 <.0001
Female 52.9% 1.1% 54.4% 4.8% 0.7847
Race 0.0023
Mexican 5.4% 0.8% 2.5% 1.0%
Other hispanic 2.4% 0.7% 0.5% 0.4%
Non-hispanic White 77 4% 2.5% 75.3% 4.8%
Non-hispanic Black 10.0% 1.8% 19.0% 3.9%
Other and multiracial 4.8% 0.7% 2.7% 1.4%
Education 0.3767
<9th grade 71% 0.8% 8.8% 2.5%
9th grade—less than HS graduate 10.4% 1.2% 12.0% 1.6%
HS graduate or GED equivalent 26.0% 1.0% 28.2% 4.2%
Some college 29.1% 1.3% 31.0% 4.6%
College graduate and beyond 27.3% 2.3% 20.0% 3.0%
Annual household income ($) 0.0466
<$20000 14.8% 1.1% 21.3% 4.4%
$20000—$44 999 26.5% 1.9% 33.7% 4.2%
$45000—$74 999 24.0% 1.3% 23.6% 2.0%
$75000 and up 32.8% 2.9% 19.9% 3.5%
>$20000* 1.8% 0.4% 1.6% 1.3%
Health-related behaviors
Smoking 0.0006
Current 22.0% 1.4% 9.1% 2.8%
Past 30.1% 1.5% 43.9% 3.4%
Never 47.9% 1.9% 47.1% 3.8%
Average daily number 0.0228
of alcoholic drinks
0 38.6% 2.1% 51.8% 5.6%
>0and <1 44.7% 2.1% 32.4% 4.2%
>1and <2 8.2% 0.8% 11.9% 2.6%
>2and <4 6.4% 0.5% 2.9% 1.6%
>4 2.2% 0.4% 0.9% 0.7%
Comorbidities
General health condition 0.1415
Excellent or good 43.4% 1.7% 39.7% 4.4%
Fair 37.9% 1.0% 33.7% 4.4%
Poor or very Poor 18.6% 1.1% 26.5% 4.3%
Visual comorbidities
History of cataract extraction 9.3% 0.7% 32.5% 5.6% <.0001
Self-reported age-related 3.2% 0.3% 8.8% 2.0% 0.0004
macular degeneration
Self-reported diabetic retinopathy 2.3% 0.3% 8.0% 1.8% 0.0004
Medical comorbidities
Thyroid disease 13.7% 1.1% 20.4% 3.1% 0.0383
?Some participants were unable to report annual household income to greater detail than <$20000.
as confounders if they were not significant at the P<0.1 unadjusted or adjusted for confounders, and regardless of
level in the multivariate model; notably, no coexistent quartile of consumption. Supplemental consumers of
systemic medical conditions and only one visual vitamin C at the first quartile level (<100mg/day) had
comorbidity, self-reported diabetic retinopathy, was significantly decreased odds of glaucoma compared to
retained in the final adjusted model. those not consuming supplemental vitamin C in all of the
Supplemental consumers of vitamin A did not have models (model C adjusted odds ratio (OR) 0.34, 95% CI
increased odds of self-reported glaucoma relative to those 0.13-0.87); furthermore, this protective effect was also
not consuming vitamin A in any model, whether found to be significant at the highest quartile dose of
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Unadjusted Adjusted model A Adjusted model B® Adjusted model C°
OR  95% CI  P-trend OR  95% CI  P-trend OR  95% CI  P-trend OR  95% CI  P-trend
Vitamin A
No consumption 1.00 0.742  1.00 0.878  1.00 0.638  1.00 0.286
Firstquartile (<2500 IU/day) 056 0.22-1.47 0.58 0.22-1.55 0.60  0.23-1.58 0.55 0.20-1.49
Second quartile (>2500 IU/day) 1.04 0.40-2.70 1.01  0.39-2.58 0.98 0.36-2.65 0.97 0.31-3.05
Third quartile (>3500 IU/day) 151 0.65-3.50 1.60  0.65-3.93 148 0.58-3.77 1.08 0.32-3.67
Fourth quartile (>6333 IU/day) 0.98 0.38-2.55 0.78  0.29-2.09 0.69 0.23-2.03 048 0.13-1.82
Vitamin C
No consumption 1.00 0.556  1.00 0.608  1.00 0.447  1.00 0.227
First quartile (<100 mg/day) 0.35 0.13-0.92 0.33 0.13-0.83 0.34  0.14-0.81 0.34  0.13-0.87
Second quartile (>100mg/day)  1.76  0.90-3.44 177 0.90-3.47 172 0.88-3.35 138 0.76-2.50
Third quartile (>500 mg/day) 157 0.73-3.37 1.14  0.50-2.60 1.10 0.48-2.54 0.97 0.42-2.25
Fourth quartile (>900mg/day)  0.63  0.36-1.10 0.53  0.29-0.95 0.48  0.26-0.91 0.47  0.23-0.97
Vitamin E
No consumption 1.00 0.004  1.00 0.065  1.00 0.052  1.00 0.098
First quartile (<30 IU/day) 040 0.14-1.17 052 0.17-1.58 054 0.17-1.72 0.63  0.20-1.97
Second quartile (>30 IU/day) 126 0.68-2.34 134 0.67-2.67 138 0.68-2.81 136  0.67-2.79
Third quartile (>96 IU/day) 140  0.95-2.06 1.00  0.65-1.55 0.97 0.63-1.47 1.01  0.64-1.60
Fourth quartile (>400 TU/day) 3.40 1.58-7.33 320 1.29-7.89 315 1.29-7.72 259  0.89-7.56

Bold values represent ORs or trend P-values which are statistically significant.

*Model A adjusted for age.

®Model B adjusted for age and demographic variables of sex, race, annual household income, and education level.
“Model C adjusted for age, demographic variables, and HRB of smoking (current, past, never) and alcohol intake (number of drinks per day),

self-reported general health condition, and self-reported diabetic retinopathy.

vitamin C (model C adjusted OR 0.47, 95% CI 0.23-0.97).
Supplemental consumers of vitamin E at the highest
quartile level (>400IU/day) had significantly higher odds
of glaucoma compared with non-consumers in the
unadjusted model (OR 3.40, 95% CI 1.58-7.33), which
persisted after adjustment for age and demographic
characteristics (OR 3.15, 95% CI 1.29-7.72), but not after
further adjustment for health-related behaviors and general
health condition. Trend analyses showed a significant trend
P-value for the vitamin E unadjusted model (P =0.004)
with higher doses being associated with a greater
prevalence of glaucoma and further adjusted models
showed borderline significant P-values for this association.
However, significant dose-response relationships were not
observed with the other vitamins, in any model.

Serum levels of vitamins A, C, alpha- and gamma-
tocopherol

We constructed similar multivariate logistic regression
models to compare the odds of glaucoma prevalence
among participants based upon their serum levels of
vitamins A, C, and E (both alpha- and gamma-tocopherol
forms), while adjusting for potential confounding
variables (Table 3). For the serum level analyses, model A
adjusted for age, model B for age and other demographic
variables, and model C for age, demographic variables,
health-related behaviors, self-reported general health
condition, self-reported thyroid disease, history of
cataract extraction, and diabetic retinopathy.

As compared with those in the first quintile of serum

vitamin A level, participants with higher levels of serum
vitamin A were not found to have significantly greater or
lesser odds of having been diagnosed with glaucoma.
However, there was a significant trend towards greater
odds of glaucoma diagnosis with increasing quintiles of
serum vitamin A levels in the unadjusted model
(P=0.002), which persisted after adjusting for age and
demographic characteristics (P =0.032). When all
variables were included in the model (model C), this
trend was found to remain borderline significant
(P=0.052). We did not observe any association between
the odds of glaucoma prevalence and serum vitamin C
levels, a negative finding, which was confirmed in the
trend analysis. Participants found to have the highest
quintile of serum alpha-tocopherol levels (>1720 ug/dl)
had significantly higher odds of glaucoma compared
with those in the lowest quintile (OR 1.59, 95% CI
1.02-2.47) in the unadjusted model. In addition, there
was a significant trend of increasing odds of glaucoma
with increasing quintiles of serum alpha-tocopherol
levels (P =0.009). However, neither of these effects
persisted after adjusting for age. Participants with serum
gamma-tocopherol levels in the 2nd, 3rd, and 4th
quintiles had significantly decreased odds of glaucoma
compared with those with gamma-tocopherol levels in
the lowest quintile, but only in the unadjusted model.

Discussion

This study of a US national population-based sample of
adults aged 40 years and older did not find conclusive
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Table 3 Odds ratios for self-reported glaucoma by serum levels of vitamins A, C, E, and gamma-tocopherol

Unadjusted Adjusted model A Adjusted model B Adjusted model C°
OR  95% CI  P-trend OR  95% CI  P-trend OR  95% CI ~ P-trend OR  95% CI  P-trend
Vitamin A
First quintile (<49.3 ug/dl) 1.00 0.002 1.00 0.037 1.00 0.032 1.00 0.052
Second quintile (>49.3 ug/dl) 072  0.41-1.27 0.68 0.41-1.14 0.67 0.39-1.15 0.60 0.33-1.11
Third quintile (>57.2 ug/dl) 1.38 0.74-2.58 1.21  0.62-2.35 122 0.58-2.57 121  0.53-2.76
Fourth quintile (>65.4 ug/dl) 1.75 1.05-2.92 140 0.83-2.38 147 0.83-2.60 1.51 0.80-2.87
Fifth quintile (>75.8 ug/dl) 221 1.37-3.57 1.60  0.91-2.80 159  0.90-2.83 144 0.79-2.62
Vitamin C
First quintile (<0.49 mg/dl) 1.00 0.204 1.00 0.914 1.00 0.853 1.00 0.670
Second quintile (>0.49mg/dl) 1.04 0.61-1.76 099 057-1.72 096  0.55-1.66 1.03  0.57-1.86
Third quintile (>0.85mg/dl) 093  0.44-1.94 0.84 0.42-1.67 0.79  0.39-1.60 0.73  0.30-1.77
Fourth quintile (>1.08 mg/dl) ~ 1.00  0.50-2.01 078  0.39-1.53 0.74  0.38-1.45 0.68 0.31-1.49
Fifth quintile (>1.36 mg/dl) 1.67 0.87-3.22 1.03  0.55-1.94 101 0.55-1.86 094 042-2.11
Vitamin E (alpha-tocopherol)
First quintile (<963 ug/dl) 1.00 0.009 1.00 0.330 1.00 0.112 1.00 0.102
Second quintile (>963 ug/dl) 0.65 0.35-1.20 0.55  0.29-1.05 0.62 0.32-1.20 0.79  0.37-1.66
Third quintile (>1160 ug/dl) 0.61  0.34-1.09 051 0.26-1.02 0.61 0.29-1.27 0.66  0.28-1.57
Fourth quintile (>1360ug/d) ~ 1.33  0.80-2.20 0.89  0.58-1.38 1.07  0.66-1.73 132 0.71-2.42
Fifth quintile (>1720 ug/dl) 1.59 1.02-2.47 1.01  0.60-1.70 1.22  0.69-2.15 1.40 0.70-2.81
Vitamin E (gamma-tocopherol)
First quintile (<114 ug/dl) 1.00 0.045 1.00 0.448 1.00 0.364 1.00 0.388
Second quintile (>114 ug/dl) 0.50 0.31-0.82 0.67 0.39-1.15 0.69 0.40-1.15 0.65 0.36-1.17
Third quintile (>173 ug/dl) 0.47  0.24-0.91 0.68 0.33-1.38 0.65 0.29-1.45 0.70  0.31-1.61
Fourth quintile (>228 ug/dl) 0.59  0.38-0.92 090 0.56-1.45 0.85 0.53-1.36 0.87  0.51-1.50
Fifth quintile (>311 pug/dl) 0.46  0.21-1.01 0.72  0.35-1.48 0.70  0.33-1.48 0.64 0.24-1.70

Bold values represent ORs or trend P-values which are statistically significant.

“Model A adjusted for age.

®Model B adjusted for age and demographic variables of sex, race, annual household income and education level.
“Model C adjusted for age, demographic variables, and HRB of smoking (current, past, never) and alcohol intake (number of drinks per day),
self-reported general health condition, self-reported history of cataract operation, self-reported diabetic retinopathy, and self-reported thyroid disease.

evidence that supplementary consumption of vitamins A
or E, as determined by self-report or by measurement of
serum levels, is related to the self-reported prevalence of
glaucomatous disease. We found that those reporting
vitamin C supplementation at the first quartile level
(<100mg/day) and at the fourth quartile level
(>900mg/day) had significantly lower adjusted odds of
having been diagnosed with glaucoma than those not
receiving vitamin C supplementation, suggesting that
vitamin C supplementation may have a protective effect.
No dose-response relationship was demonstrated,
however, and analysis of serum vitamin C levels showed
no beneficial association with regard to glaucoma
prevalence.

The results in this analysis of nutrient intake and
glaucoma prevalence are consistent with the results of
several prior studies of various populations, which also
did not find consistent relationships between vitamin
intake and glaucomatous disease. Coleman ef al” has
investigated the effect of diet on glaucoma incidence
among women within the Study of Osteoporotic
Fractures. While the investigators found that the
consumption of certain foods such as collards, kale, and
carrots appeared to be protective against glaucoma,
analysis of the constituent nutrients did not reveal a
significant protective effect related to the intake of
vitamins A, C, or E.7 In an analysis examining the
relationship between the consumption of various
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nutritional components and open-angle glaucoma
confirmed by chart review using prospective data from
the Nurses” Health and Health Professionals Follow-up
Studies, Kang et al® also found no appreciable effect of
vitamin A intake on the incidence of glaucoma. These
investigators, however, did find a statistically significant
isolated protective effect in the third quintile of total
vitamin C intake,® somewhat similar to our findings that
supplementation with vitamin C at low and high quartile
levels conferred decreased odds of glaucoma. Despite
appropriate methodological considerations, these
spurious findings of an association between Vitamin C
intake and glaucoma incidence and prevalence should, at
best, be considered with skepticism.

The present study is unique in its large-scale
population-based investigation of the relationship
between glaucoma and serum vitamin levels. Previous
results from a clinic-based case—control study in Japan
reported by Yuki et al® suggested that while serum
vitamin C levels were lower in those with normal tension
glaucoma than in control subjects without ocular disease,
no differences in serum vitamin A or E levels were found
in this small study sample. Another clinic-based case—
control study by Engin et al’® showed that serum levels of
vitamins A and E were increased among patients with
glaucoma in their unadjusted analyses. The NHANES
data, by providing information on serum vitamin levels,
allowed the opportunity to adjust for potential



confounding variables. Such an adjustment resulted in
no evidence in support of an independent association
between glaucomatous disease and vitamin A, C, alpha-
or gamma-tocopherol serum levels. It has been recently
reported that 1 in 9 glaucoma patients use
complementary and alternative medicines, including
vitamin supplements, as part of glaucoma therapy, with
the majority not disclosing this practice to their
ophthalmologists.!? Tt is well known that vitamin
supplementation, particularly in high doses, may be
associated with substantial risk that must be balanced
with any potential benefit for a given medical
condition.’1> Qur study corroborates prior findings
from other studies in concluding that there is no
compelling evidence in support of antioxidant dietary
supplementation as a means of preventing glaucomatous
disease.

We acknowledge that this study has several
limitations. Our conclusions are necessarily limited by
reliance on self-reporting of disease status, which may be
subject to recall bias and disease misclassification. In
particular, glaucoma diagnosis should ideally be
confirmed by a comprehensive ophthalmologic
examination including optic nerve assessment in all such
studies. If misclassification of glaucoma diagnosis is non-
differential among those consuming high and low levels
of antioxidants or among those with high- and low-
serum antioxidant levels, the results may be biased
towards the null, thereby underestimating the strength of
the relationship between antioxidant consumption and
glaucoma. The ascertainment of supplement intake
information in our study was based upon 30-day recall
and thus the data did not allow distinction between
participants who had recently begun supplementation
and those who had been on long-term supplementation.
Furthermore, one cannot exclude the possibility that
glaucomatous disease may impact serum antioxidant
levels, thereby making it more difficult to assess the
impact of vitamin supplementation on the pathogenesis
of glaucomatous disease in such a cross-sectional study.
However, there is no evidence to support such a
hypothesis that glaucoma impacts serum vitamin levels
at the present time. Finally, sources of antioxidants from
dietary foods rather than supplements were not
evaluated in this study; the relationship between
glaucoma and total or dietary antioxidant intake may
differ from the relationship of this disease to
supplementary intake of antioxidants.

In summary, we found no compelling evidence to
suggest a relationship between dietary supplementation
with vitamins A or E and glaucomatous disease in this
large population-based study. There was, however, weak
evidence that supplemental vitamin C intake may
perhaps be associated with decreased odds of glaucoma,
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although such a finding should be robustly reproducible
in additional studies before therapeutic
recommendations. Unlike prior studies examining the
relationship between vitamin consumption and
glaucoma prevalence, NHANES allowed measurement
of serum vitamin levels with adjustment for potential
confounding factors, which provided objective evidence
supporting the lack of an association between serum
vitamin levels and glaucoma. These findings suggest
that, based upon all available data at the present time,
supplemental antioxidant vitamin intake should not be
recommended as a protective strategy for purposes of
preventing glaucomatous disease.

Summary

What was known before
® Previous studies have not demonstrated a definitive
relationship between vitamin consumption and
glaucoma.
® Serum levels of vitamin A, C, and E have been shown to
be associated with glaucoma in small clinic-based studies.

What this study adds

® Supplementation with vitamin C, but not vitamins A or E,
may possibly be associated with decreased odds of
glaucoma.

® After multivariate adjustment for potential confounders,
serum levels of vitamins A, C, and E were not found to be
associated with glaucoma in a large population-based
study.
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