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Abstract

Purpose: To examine the association between dietary salt intake and glaucoma by
antihypertensive use in the Thessaloniki Eye Study (TES) population.

Materials and Methods: The study population included TES incidence phase participants.
Dietary salt intake frequency was assessed by self-report. Outcomes included prevalence of any
open angle glaucoma (OAG), primary open angle glaucoma (POAG), and pseudoexfoliation
(PEX). Covariates included demographics, cardiovascular disease, migraines, diabetes, steroid
use, smoking, history of cataract surgery, central corneal thickness, intraocular pressure, blood
pressure, and antihypertensive use. Logistic regression was used to examine associations between
frequency of salt intake and glaucoma, controlling for covariates and stratified by antihypertensive
use.

Results: The study included 1,076 participants 80.5+4.4 years old, of whom 518 were female.
There were 89/1,076 (8.3%) participants with any OAG, 46/789 (5.8%) with POAG, and
287/1,030 (27.9%) with PEX. In participants with antihypertensive use, frequent versus never
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salt intake was associated with increased risk of any OAG (adjusted odds ratio [aOR]=2.65, 95%
confidence interval [C1]=1.12, 6.28; n=784) and POAG (aOR=3.59, 95% CI=1.16, 11.11; n=578)
overall, and additionally in participants with diastolic blood pressure <90mmHg (aOR=2.42, 95%
CI=1.00, 5.84; n=735) for OAG. There were no statistically significant adjusted associations
between salt intake and PEX, or in participants without antihypertensive use.

Conclusions: In TES participants assessed for OAG in the prevalence and incidence phases,
frequent salt intake may be associated with increased OAG in those who take antihypertensive
medication. Further investigation is needed of salt intake and glaucoma in hypertensive
individuals.

Precis
In the Thessaloniki Eye Study incidence phase population, frequent dietary salt intake was
potentially associated with increased risk of open-angle glaucoma in antihypertensive users.

Keywords
Salt intake; glaucoma; antihypertensive; Thessaloniki; population-based study

Introduction

Glaucoma is a leading cause of permanent vision loss worldwide. While reduction

of intraocular pressure (IOP) is the mainstay of glaucoma treatment, multiple studies

have demonstrated a vascular component in the pathogenesis of glaucoma. Studies have
demonstrated associations between both high?3 and low*~" blood pressure (BP) and
glaucoma risk, as well as associations between low ocular perfusion pressure (OPP)

and increased glaucoma risk.8-10 Furthermore, previous studies have suggested that the
association between low OPP and glaucoma risk is further influenced by systemic
antihypertensive treatment use, possibly related to dysfunctional vascular autoregulation in
individuals with hypertension, low ocular perfusion pressure secondary to antihypertensive
treatment use, or from greater nocturnal dips to ocular perfusion after antihypertensive
treatment 811-13

While vascular perfusion has been hypothesized as a contributing factor to the development
of glaucoma, it is unclear if modifiable risk factors that influence systemic vascular
disease, such as sodium and cholesterol intake, also play a role in glaucoma pathogenesis.
Sodium is an important regulator of volume homeostasis, and high dietary salt intake is

a known risk factor for hypertension and cardiovascular morbidity.15:16 Salt sensitivity
refers to the phenomenon where certain individuals have more pronounced blood pressure
responses to dietary salt loads compared to other individuals.1”18 Prior literature has
suggested that salt-sensitive individuals may be more prone not only to the development of
hypertension, but also to suffering its end organ effects such as renal and cardiac failure.1920
Given the potentially differing associations between OPP and glaucoma in individuals with
versus without antihypertensive treatment, there is also a possibility that a salt-sensitive
phenomenon exists with glaucoma risk. To this end, the purpose of the present study

J Glaucoma. Author manuscript; available in PMC 2023 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tseng et al.

Page 3

was to examine the association between dietary salt intake and glaucoma prevalence by
antihypertensive status in the Thessaloniki Eye Study (TES) population.

Materials and Methods

The TES is a population-based study of chronic eye diseases based in Thessaloniki, a
major urban center in Northern Greece. The study consists of an original prevalence

phase with data collection from 2000-2005, and a follow-up incidence phase of surviving
cohort members with data collection from 2013-2015.21 Details of study design and data
collection have been previously described.?1:22 In brief, in the original prevalence phase,

a group of 5,000 individuals 60 years and older in the municipality register of the city of
Thessaloniki was randomly selected for study recruitment. This group was contacted by
phone and mail for willingness to participate in the study. Those who were eligible were
invited for an on-site clinic visit at the Thessaloniki Eye Study Center of the Aristotle
University of Thessaloniki for an ophthalmic screening examination. Those unable to come
for an on-site visit because of illness or major disability were offered a home visit. In

the follow-up incidence phase approximately 12 years later, participants from the original
prevalence phase were contacted by phone and mail and re-invited for an on-site ophthalmic
examination. A home visit examination was again arranged for those who could not come
for an on-site visit. The present study included clinic and home visit participants who

were examined both in the prevalence and incidence phases of the TES. The Institutional
Review Board (IRB) of the Aristotle University Medical School approved the prevalence
and incidence phase visits, and the IRB of the University of California, Los Angeles
approved the data analyses for the study.

Details of the in-clinic examination for both the TES prevalence and incidence phases
have been previously described.?122 All TES clinic visit participants were interviewed
about demographics, systemic conditions (hypertension, diabetes, cardiovascular disease,
migraine), ophthalmic conditions (glaucoma, age-related macular degeneration, diabetic
retinopathy, cataract, retinal detachment, corneal transplant, uveitis, trauma), and lifestyle
factors (smoking, alcohol use, diet, sleep). Participants were instructed to bring systemic
and ocular medications to the clinic visit, and medications were verified by study personnel.
Blood pressure was measured at the visit with two separate readings at least five minutes
apart in the same arm, after the participant had been seated for at least 10 minutes.

A standard eye examination was performed on all participants including visual acuity,
Goldmann applanation tonometry, gonioscopy, central corneal thickness (CCT), slit lamp
biomicroscopy of the anterior segment, dilated fundus exam, and visual field testing. When
visual acuity was less than 20/30 with habitual correction, a full refraction was performed
and the best corrected visual acuity was recorded. Intraocular pressure (IOP) for each

eye was defined as the mean of three 10P readings for that eye. The CCT for each eye

was defined as the mean of five CCT measurements for that eye. When the angle was
occludable, participants were referred for laser peripheral iridotomy and the dilated fundus
exam was completed after iridotomy was performed. Visual field testing was performed
using Humphrey automated perimetry. All participants underwent suprathreshold testing,
and those with abnormal or unreliable results underwent full threshold testing with 24-2
Swedish Interactive Threshold Algorithm. 76-suprathreshold (STHR) and threshold fields
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were considered unreliable if the percentage of either fixation losses or false-negative or
false-positive errors exceeded 33%.22

The exposure of interest was the level of dietary salt intake as measured by participant
report. All participants of the TES incidence phase were asked at their incidence phase
visit about level of salt intake. Participants were provided a questionnaire which inquired
about the type of salt used to flavor food (ordinary salt, light salt, salt substitute), frequency
of salt use at the table (never, rarely, occasionally, often), frequency of salt use while
cooking (never, rarely, occasionally, often), and use of salt tablets. Participants who did

not cook for themselves were not asked about salt content in their prepared food. The

full salt questionnaire is provided in Appendix 1. For this study, participants who reported
never using salt at the table and while cooking were considered never salt users, those

who reported rare or occasional salt use at the table and while cooking were considered
occasional salt users, and those who reported frequent salt use at the table and while cooking
were considered frequent salt users. Those who reported combinations of never, occasional,
and frequent salt use at the table and while cooking were considered occasional salt users.

The outcomes of interest were the occurrence of any open angle glaucoma (OAG), primary
open angle glaucoma (POAG), and pseudoexfoliation syndrome (PEX). Any OAG included
participants with either POAG or pseudoexfoliation glaucoma; participants with occludable
angles with a history of laser iridotomy who developed subsequent glaucoma were excluded.
The PEX outcome included all participants with PEX regardless of whether they had
glaucoma. The primary definition of glaucoma was based on the presence of both structural
and functional characteristics and has been previously described.11:21.22 Stryctural damage
was defined as thinning or notching of the neuroretinal rim. Functional damage required

a confirmed threshold visual field defect. Participants with abnormal visual field results
underwent repeat confirmatory testing. A glaucomatous visual field test was confirmed when
a defect was present on at least two of the three tests involving the same index on test and
retest and occurring in the same location. In cases that had missing data (e.g. participants
with poor vision or blindness unable to perform a visual field test), only visual field damage,
only disc damage, or high 10P with optic disc findings, a second definition of glaucoma

was applied where clinical judgment was strongly in favor of glaucoma even though strict
criteria were not met.22 These alternative criteria have been previously described in detail22
and include optic disc criteria only with thinning or notching of the optic disc rim combined
with asymmetry of >0.2 of the cup to disc ratio, or IOP asymmetry between the two eyes
>4mmHg matching thinning or notching of the optic disc rim combined with asymmetry of
>0.2 of the cup to disc ratio. In the latter situation, three glaucoma-trained ophthalmologists
were responsible for the ophthalmic examination. At least two of the three examined each
patient, and all diagnoses were made by consensus agreement while the assessment of the
presence of glaucomatous appearance of the optic disk (thinning or notching) was masked
from the three ophthalmologists/ glaucoma specialists. When disagreement between the
graders existed, the principal investigator (F.T.) was responsible for the final adjudication of
the diagnosis. Pseudoexfoliation was defined as the presence of pseudoexfoliative material at
the pupillary margin or on the anterior lens capsule. Slit lamp examination was performed
both before and after pupillary dilation to assess for pseudoexfoliation.
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Demographic information included age, gender, and marital status. Systemic conditions
and history included cardiovascular disease, diabetes, migraines, history of steroid use,
and active smoking status. Systemic conditions were assessed based on self-report. Ocular
conditions included history of cataract surgery and age-related macular degeneration
(ARMD). Examination data included as covariates were systolic blood pressure (SBP),
diastolic blood pressure (DBP), IOP, and central corneal thickness. Information on
antihypertensive use was collected and used as a variable for stratified analysis to assess
the role of antihypertensive use as a potential effect measure modifier.

Descriptive statistics were used to describe baseline characteristics for the study population.
Univariable comparisons were made of levels of salt intake in participants with versus
without any OAG, POAG, and PEX with chi-squared tests, in the entire study population and
stratified by participants with and without antihypertensive use. P-values for interaction
were calculated for antihypertensive use by salt intake in participants with any OAG,

POAG, and PEX. Logistic regression modeling was used to assess multivariable associations
between level of salt intake and any OAG, POAG, and PEX in the entire population and
stratified by antihypertensive use, controlling for demographics in a partially adjusted model
and all study covariates in a fully adjusted model. In participants with antihypertensive

use, additional stratified analyses were performed in participants with diastolic blood
pressure (DBP) <90mmHg and =90mmHg. The denominator for proportions included all
study participants for the any OAG outcome, participants without PEX for the POAG
outcome, and participants without POAG for the PEX outcome. All statistical analyses were
performed using SAS version 9.4 (Cary, North Carolina).

The study population included 1,076 participants of the TES incidence phase who
participated in clinic and/or home visits and the salt intake questionnaire and had a

history of no glaucoma or open angle glaucoma (Figure 1). Of these participants, 89/1,076
(8.3%) participants had any OAG; 46/789 (5.8%) participants without PEX had POAG, and
287/1,030 (27.9%) participants without POAG had PEX. Denominators for each type of
glaucoma outcome differed due to the exclusion of patients with PEX in the assessment

of POAG, and the exclusion of patients with POAG in the assessment of PEX. Of the 89
participants with OAG, 67 were diagnosed based on the presence of structural and functional
characteristics, and 22 were diagnosed based on only visual field damage, only disc damage,
or high I0P with optic disc findings. There were 1,047/1,076 (97.3%) participants who
reported use of ordinary salt, and as such participants were not analyzed separately based

on type of salt used. There was 1 participant who reported salt tablet use, and as such the
use of salt tablets was not analyzed in this study. There were 784 (72.9%) participants who
were on antihypertensive medications. Characteristics of the study population at the time

of data collection for the TES incidence phase are outlined in Tables 1 and 2. Compared

to participants without any OAG, those with any OAG had thinner CCT (533.8+40.8

versus 545.6+34.9 microns; p=0.003) and higher 0P (18.3+6.7 versus 14.4+2.9 mmHg;
p<0.0001). There were no statistically significant differences in any other study covariates in
participants with versus without any OAG. There were statistically significant differences in
the percentage of participants with migraines, diabetes, and current smoking status between
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the three levels of salt intake (Table 2), and no statistically significant differences in any
other covariates by level of salt intake.

Table 3 summarizes univariable comparisons of the frequency of salt intake in participants
with versus without any OAG, POAG, and PEX in the entire population and stratified by
antihypertensive status. In the entire study population, there were no statistically significant
differences in the frequency of salt intake in participants with versus without OAG, POAG,
and PEX. In participants on antihypertensive medication, those with any OAG and POAG
had higher proportions who reported frequent salt intake, though none of the comparisons
were statistically significant. Conversely, in participants not on antihypertensive medication,
those with any OAG and POAG had lower proportions who reported frequent salt intake,
though again none of the comparisons were statistically significant. Additionally, the p-value
for interaction between antihypertensive medication use and salt intake was significant for
any OAG, but not for POAG or PEX.

Table 4 summarizes associations between frequency of salt intake and any OAG, POAG,
and PEX, in participants with versus without antihypertensive treatment. In the entire study
population, there were no statistically associations between frequency of salt intake and odds
of OAG, POAG, or PEX in unadjusted, partially adjusted, or fully adjusted models including
adjustment for antihypertensive medication use. In antihypertensive users, compared to no
salt intake, frequent salt intake was associated with higher odds of any OAG in all models
(odds ratio [OR]=2.51, 95% confidence interval [CI]=1.17, 5.39 unadjusted; OR=2.54, 95%
Cl=1.18, 5.47 partially adjusted; OR=2.65, 95% Cl=1.12, 6.28 fully adjusted). Additionally,
in antihypertensive users, frequent compared to no salt intake was associated with higher
odds of POAG in all models (OR=2.74, 95% CI=1.04, 7.20 adjusted; OR=2.86, 95%
Cl=1.08, 7.58 partially adjusted; OR=3.59, 95% CI=1.16, 11.11 fully adjusted). There

were no statistically significant associations between any level of salt intake and PEX

in participants with antihypertensive treatment. In all levels of adjustment, there were

no statistically significant associations between any level of salt intake and any type of
glaucoma in participants without antihypertensive treatment. For participants with POAG
without antihypertensive treatment, reliable statistical estimates could not be produced for
unadjusted or adjusted associations.

Table 5 summarizes associations between frequency of salt intake and any OAG, POAG,
and PEX in antihypertensive users with DBP <90mmHg and =90mmHg. In participants
with DBP <90mmHg and antihypertensive use, frequent compared to no salt intake was
associated with increased odds of any OAG in all models (OR=2.30, 95% CI1=1.06, 5.02
unadjusted; OR=2.34, 95% CI1=1.07, 5.12 partially adjusted; OR=2.42, 95% CI=1.00, 5.84
fully adjusted). There were no statistically significant associations between any level of salt
intake and POAG or PEX in participants with antihypertensive use and DBP <90mmHg.

In participants with antihypertensive use and DBP =90mmHg, there were minimal analyses
that could be performed due to small sample sizes and cell counts which produced unstable
estimates.
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Discussion

This study examined the association between frequency of dietary salt intake and any

OAG, POAG, and PEX in participants of the TES incidence phase by antihypertensive
status. While there was no association between frequency of salt intake and prevalence of
OAG, POAG, or PEX in the overall study population, a potential association was found
between frequent dietary salt intake and increased prevalence of any OAG and POAG in
antihypertensive users overall and in those with DBP <90mmHg. No significant associations
were found between salt intake and PEX in any participants with or without antihypertensive
use. These findings support the role of antihypertensive use as a potential effect measure
modifier in the association between salt intake and glaucoma in the TES incidence phase
population.

This investigation of dietary salt intake and glaucoma by antihypertensive status was
undertaken due to the fact that multiple previous studies within the TES have suggested that
antihypertensive use combined with low DBP or low DPP may be associated with increased
risk of glaucoma. Specifically, in non-glaucoma subjects from the TES prevalence phase,

a subset of participants with DBP <90mmHg after antihypertensive treatment were found

to have increased cupping and decreased rim area on Heidelberg Retina Tomograph (HRT)
images.23 Furthermore, in the same subset of participants, all classes of antihypertensive
medications were found to be associated with larger cup size and higher CDR in subjects
with treated SBP <140mmHg or DBP <90mmHg.24 In the entire TES prevalence phase
population, low DPP was associated with increased risk of POAG specifically in subjects
treated with antihypertensives.11 The authors hypothesized that antihypertensive medication
may disrupt vascular autoregulation and decrease the ability for vessels to vasodilate

in low perfusion states, which may decrease bloodflow to the optic nerve and increase

risk of glaucoma. Additionally, patients on antihypertensive therapy may experience more
pronounced nocturnal dips in blood pressure, which may further accelerate the development
of glaucoma.

The present study builds on previous TES findings by examining the role of dietary salt
intake in participants with and without antihypertensive therapy, in order to examine the
association between salt intake and glaucoma with antihypertensive use as a potential
effect measure modifier. Increasing blood sodium levels through dietary salt intake or
low-dose fludrocortisone has been previously proposed as a mechanism to decrease
systemic hypotension to improve optic nerve perfusion in patients with glaucoma.2> While
previous studies have not examined associations between dietary salt intake and optic
nerve perfusion, one study examined 22 POAG patients with fludrocortisone treatment
and found decreased nocturnal dips after the initiation of fludrocortisone treatment.26
However, the association between salt intake and optic nerve perfusion is likely not
straightforward, especially in individuals with vascular comorbidities where autoregulation
is already compromised. Salt sensitive hypertension refers to the phenomenon where
different individuals have different blood pressure sensitivity to salt intake. Individuals
with pronounced blood pressure elevation after salt intake likely have impaired renal
sodium excretion, leading to chronic systemic hemodynamic changes with altered
autoregulation and increased vascular resistance.2” In this scenario, salt loading likely leads
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to further vascular injury rather than increased perfusion,28 possibly through stimulation of
mineralocorticoid receptors. In the present study, participants on antihypertensive treatment
with frequent salt intake potentially had higher prevalence of OAG and POAG, while those
not on antihypertensive treatment had no association between salt intake and glaucoma
prevalence. While a causative mechanism cannot be inferred from these observational
findings, our results suggest that increased dietary salt intake may potentially be associated
with detrimental effects on glaucoma risk in those with preexisting disruption to vascular
autoregulation to which salt intake maybe a contribution. On the other hand, salt intake
may be contributing in the initiation and onset of hypertension which then leads to impaired
vascular autoregulation. Interestingly, in our previous analyses association of DBP with
optic disc structure in non glaucoma participants and of DBP with POAG was found only
in those receiving antihypertensive treatment. Our current finding on the association of

salt intake with OAG and POAG only in those under antihypertensive treatment reveals a
potential role of salt intake in the same pathophysiology pathway. These findings suggest

a need to further evaluate the effects of salt intake on perfusion to the optic nerve and any
associated glaucomatous damage.

This study has several limitations mainly related to its observational nature. Several

study variables, including the salt intake variable and systemic comorbidities, were based
on participant self-report, which could lead to the possibility of misclassification bias.
Specifically, the salt intake questionnaire does not specifically inquire about sodium or
potassium content in foods or salt content of foods for participants who do not cook

for themselves, which could lead to further misclassification of salt intake status. While
quantitative measures of salt intake such as urinary salt levels may have provided improved
exposure information for the present study, these measures were not collected in the

TES study and thus not available for analysis. Additionally, participants may have had
varying interpretations of occasional and frequent salt use, which could lead to further
misclassification of salt intake levels. As in every population-based study the possibility
of misclassification of the glaucoma diagnosis could not be excluded. In our analysis we
included home visit participants where ancillary testing was not the same. However, we
were able to collect relevant data as necessary for adjustments in multivariate models for
both clinic and home visit participants. Excluding home visits would make our sample less
representative of the general population, especially as home visit participants are likely to
present with more comorbidities also affecting the vascular system. In the assessment of
antihypertensive medication use, we did not assess the time of day when medications were
taken and thus the possibility of excessive nocturnal dips could not be taken into account.
While this study utilized information from the TES incidence phase, we still chose to
examine prevalence data for all the glaucoma outcomes due to sample size issues with the
slow nature of the disease. Thus, the analyses in this study are cross-sectional associations
and temporality cannot be inferred. There were some statistical estimates that could not

be produced presumably due to small cell sizes for some outcomes and a large number

of covariates in the model, and the study sample size may have limited the ability to
capture some statistical associations. Additionally, with all observational studies, there is
the possibility of uncontrolled confounding and a causative or temporal association cannot
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be inferred from study findings. Finally, the study was conducted on a single population in
Greece and findings may not be generalizable to other populations outside of Thessaloniki.

In summary, this study found that frequent dietary salt intake may be associated with
increased prevalence of any OAG and POAG in participants on antihypertensive therapy
in the TES incidence phase population. Additional studies are needed to examine
pathophysiologic changes to optic nerve vascular supply with dietary salt load.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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3,617 subjects invited to participate in TES' prevalence

phase
[ 2,554 subjects participated in TES prevalence phase ] ( x
1,086 not located
= o 1,041
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25 moved
20 no contact
{ } information
1,468 subjects eligible for TES incidence phase K /

[ 1,092 subjects participated in TES incidence phase ] / \

16 with 1+ of the following:

« 10 with other
glaucoma?

* 6 missing salt
intake
questionnaire or
antihypertensive

1,076 participants in present study, including 89 with any medication use

open angle glaucoma (OAG) K j

43 OAG diagnosed or 46 OAG diagnosed

present at prevalence between phases or at

phase incidence phase
Figure 1.

Flowchart of Study Population
1TES=Thessaloniki Eye Study
2Includes types of glaucoma other than primary open angle glaucoma or pseudexfoliation.
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Characteristics of Study Population at the Incidence Phase of the Thessaloniki Eye Study by Glaucoma Status

(n=1,076)

Continuous Variables

Mean (Standard
Deviation) in Entire

Mean (Standard Deviation)
in Participants with Any
Open Angle Glaucoma;

Mean (Standard Deviation)
in Participants without
Open Angle Glaucoma;

Characteristic Population; n=1,076 n=89 n=987 P-Value
Age (years) 80.5 (4.4) 81.2 (4.2) 80.5 (4.4) 0.1
Central corneal thickness (um) 544.6 (35.6) 533.8 (40.8) 545.6 (34.9) 0.003
Intraocular pressure (mmHg) 14.7 (3.5) 18.3 (6.7) 14.4 (2.9) <0.0001
Systolic blood pressure (mmHg) 130.9 (18.0) 131.1(16.1) 130.9 (18.2) 0.9
Diastolic blood pressure
(mmHg) 71.2 (11.6) 72.0 (12.7) 71.1 (11.5) 0.5
Categorical Variables
Number (%6) in Participants | Number (%) in Participants
Number (%0) in Entire with Any Open Angle without Open Angle

Characteristic Population; n=1,076 Glaucoma; n=89 Glaucoma; n=987 P-Value
Gender

Male 558 (51.9) 52 (58.4) 506 (51.3)

Female 518 (48.1) 37 (41.6) 481 (48.7) 0.2
Marital Status

Never Married 23 (2.1) 1(11) 22 (2.2)

Married 642 (59.7) 57 (64.0) 585 (59.3)

Divorced/Separated/Widowed 411 (38.2) 31(34.8) 380 (38.5) 0.7
Antihypertensive Use 784 (72.9) 64 (71.9) 720 (73.0) 0.8
Cardiovascular Disease 414 (38.6) 33(37.1) 381 (38.7) 0.8
Migraines 66 (6.1) 4 (4.5) 62 (6.3) 0.6
Diabetes 241 (22.4) 26 (29.2) 215 (21.8) 0.1
History of Cataract Surgery 444 (41.3) 43 (48.3) 401 (40.6) 0.1
Steroid Use 61 (5.7) 3(3.4) 58 (5.9) 0.5
Active Smoker 525 (48.8) 50 (56.2) 475 (48.1) 0.2
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Characteristics of Study Population at the Incidence Phase of the Thessaloniki Eye Study by Salt Intake Status

(n=1,076)

Continuous Variables

Mean (Standard Deviation)
in Participants with
“Never” Frequency of Salt

Mean (Standard Deviation)
in Participants with “Rare/
Occasional” Frequency of

Mean (Standard Deviation)
in Participants with
“Often” Frequency of Salt

Characteristic Use; n=347 Salt Use; n=579 use; n=150 P-Value
Age (years) 80.9 (4.7) 80.3 (4.3) 80.4 (4.3) 0.1
Central corneal thickness (um) 543.2 (36.1) 544.6 (34.1) 548.1 (39.7) 0.4
Intraocular pressure (mmHg) 14.6 (3.4) 14.7 (3.5) 14.9 (4.0) 0.6
Systolic blood pressure
(mmHg) 132.2 (17.6) 130.3 (18.8) 130.3 (15.4) 0.3
Diastolic blood pressure
(mmHg) 71.6 (11.0) 71.2 (12.2) 69.9 (10.6) 0.3
Categorical Variables
N (%) in Participants
N (%) in Participants with with “Rare/Occasional” N (%) in Participants with
“Never” Frequency of Salt Frequency of Salt Use; “Often” Frequency of Salt

Characteristic Use; n=347 n=579 use; n=150 P-Value
Gender

Male 169 (48.7) 307 (53.0) 82 (54.7)

Female 178 (51.3) 272 (47.0) 68 (45.3) 0.3
Marital Status

Never Married 4(1.2) 14 (2.4) 5(3.3)

Married 207 (59.7) 343 (59.2) 92 (61.3)

Divorced/Separated/
Widowed 136 (39.2) 222 (38.3) 53 (35.3) 0.5
Antihypertensive Use 248 (71.5) 421 (72.7) 115 (76.7) 0.5
Cardiovascular Disease 121 (35.0) 232 (40.1) 61 (40.7) 0.3
Migraines 13(3.8) 39 (6.7) 14 (9.3) 0.04
Diabetes 65 (18.7) 131 (22.6) 45 (30.0) 0.02
History of Cataract Surgery 144 (41.5) 236 (40.8) 64 (42.7) 0.9
Steroid Use 17 (4.9) 37 (6.4) 7(47) 0.6
Active Smoker 147 (42.4) 297 (51.3) 81 (54.0) 0.01
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Frequency of Salt Usage by Antihypertensive Use Status in Participants with and without Glaucoma in the
Incidence Phase of the Thessaloniki Eye Study (n=1,076)

Any Open Angle Glaucoma (OAG)

Frequency of Salt Use at Table or

Number (%) in
Participants with Any

Number (%) in Participants

P for Interaction,
Antihypertensive

While Cooking OAG; n=89 without OAG; n=987 P-Value Use*Salt Intake
Entire Population (n=1,076)

Never 26 (29.2) 321 (32.5)

Rare/Occasional 47 (52.8) 532 (53.9)

Often 16 (18.0) 134 (13.6) 0.5 nla
Antihypertensive Users (n=784) OAG=64 No OAG=720

Never 14 (21.9) 234 (32.5)

Rare/Occasional 35 (54.7) 386 (53.6)

Often 15 (23.4) 100 (13.9) 0.06
Non-Antihypertensive Users
(n=292) OAG=25 No OAG=267

Never 12 (48.0) 87 (32.6)

Rare/Occasional 12 (48.0) 146 (54.7)

Often 1(4.0) 34(12.7) 0.2 0.05

Primary Open Angle Glaucoma (POAG)
Number (%0) in Number (%0) in Participants P for Interaction,

Frequency of Salt Use at Table or Participants with without POAG or Antihypertensive
While Cooking POAG; n=46 Pseudoexfoliation; n=743 P-Value Use*Salt Intake
Entire Population (n=789)

Never 15 (32.6) 247 (33.2)

Rare/Occasional 21 (45.7) 389 (52.4)

Often 10 (21.7) 107 (14.4) 0.4 n/a
Antihypertensive Users (n=578) POAG=33 No POAG=545

Never 8 (24.2) 182 (33.4)

Rare/Occasional 15 (45.5) 280 (51.4)

Often 10 (30.3) 83 (15.2) 0.09
Non-Antihypertensive Users
(n=211) POAG=13 No POAG=198

Never 7 (53.9) 65 (32.8)

Rare/Occasional 6 (46.2) 109 (55.1)

Often 0(0.0) 24 (12.1) 0.2 0.5

Pseudoexfoliation Syndrome (PEX)
Number (%0) in P for Interaction,

Frequency of Salt Use at Table or Participants with PEX; Number (%) in Participants Antihypertensive
While Cooking n=287 without PEX or POAG; n=743 P-Value Use*Salt Intake
Entire Population (n=1,030)

Never 85 (29.6) 247 (33.2)
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Rare/Occasional 169 (58.9) 389 (52.4)

Often 33 (11.5) 107 (14.4) 0.2 nla
Antihypertensive Users (n=751) PEX=206 No PEX=545

Never 58 (28.2) 182 (33.4)

Rare/Occasional 126 (61.2) 280 (51.4)

Often 22 (10.7) 83 (15.2) 0.05
Non-Antihypertensive Users
(n=279) PEX=81 No PEX=198

Never 27 (33.3) 65 (32.8)

Rare/Occasional 43 (53.1) 109 (55.1)

Often 11 (13.6) 24 (12.1) 0.9 0.3
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Associations between Salt Intake and Glaucoma-Related Outcomes in Participants with and without
Antihypertensive Use in the Thessaloniki Eye Study Incidence Phase (n=1,076)

Entire Population (n=1,076)

Level of Overall Salt Intake and
Prevalent Glaucoma Outcome

Unadjusted Odds
Ratio (95% Confidence
Interval); p-value

Partially Adjusted Odds
Ratio (95% Confidence

a
Interval); p-value

Fully Adjusted Odds Ratio
(95% Confidence Interval);

p-value

Any Open Angle Glaucoma (n=1,076)

Occasional Salt vs. Never

1.09 (0.66, 1.80); 0.73

1.12 (0.68, 1.84); 0.67

1.02 (0.59, 1.79); 0.93

Often Salt vs. Never

1.47 (0.77, 2.84); 0.25

153 (0.78, 2.91); 0.22

1.38 (0.66, 2.89); 0.39

Primary Open Angle Glaucoma (n=789)

Occasional Salt vs. Never

0.90 (0.45, 1.76); 0.73

0.90 (0.45, 1.78); 0.76

0.80 (0.37, 1.72); 0.57

Often Salt vs. Never

1.54 (0.67, 3.54); 0.31

1.60 (0.69, 3.71); 0.27

1.45 (0.56, 5.76); 0.45

Pseudoexfoliation Syndrome (n=1,030)

Occasional Salt vs. Never

1.26 (0.93, 1.71); 0.13

1.32 (0.97, 1.79); 0.08

1.22 (0.89, 1.69); 0.22

Often Salt vs. Never

0.90 (0.57, 1.42); 0.64

0.93 (0.59, 1.49); 0.78

0.86 (0.53, 1.39); 0.53

Participants with Antihypertensive Use (n=709)

Level of Overall Salt Intake and
Prevalent Glaucoma Outcome

Unadjusted Odds
Ratio (95% Confidence
Interval); p-value

Partially Adjusted Odds
Ratio (95% Confidence

a
Interval); p-value

Fully Adjusted Odds Ratio
(95% Confidence Interval);

c
p-value

Any Open Angle Glaucoma (n=784)

Occasional Salt vs. Never

1.52 (0.80, 2.88); 0.20

1.52 (0.80, 2.88); 0.20

1.42 (0.68, 2.93); 0.35

Often Salt vs. Never

2,51 (1.17, 5.39); 0.02

2.54 (1.18, 5.47); 0.02

2.65 (1.12, 6.28); 0.03

Primary Open Angle Glaucoma (n=578)

Occasional Salt vs. Never

1.22 (0.5, 2.93); 0.66

1.22 (0.50, 2.94); 0.66

1.23 (0.45, 3.39); 0.69

Often Salt vs. Never

2.74 (1.04, 7.20); 0.04

2.86 (1.08, 7.58); 0.03

3.59 (1.16, 11.11); 0.03

Pseudoexfoliation Syndrome (n=751)

Occasional Salt vs. Never

1.41 (0.98, 2.03); 0.06

1.45 (1.01, 2.09); 0.05

1.31(0.90, 1.92); 0.16

Often Salt vs. Never

0.83 (0.48, 1.45); 0.52

0.86 (0.49, 1.50); 0.59

0.77 (0.43, 1.37); 0.37

Participants without Antihypertensive Use (n=262)

Level of Overall Salt Intake and
Prevalent Glaucoma Outcome

Unadjusted Odds
Ratio (95% Confidence
Interval); p-value

Partially Adjusted Odds
Ratio (95% Confidence

a
Interval); p-value

Fully Adjusted Odds Ratio
(95% Confidence Interval);

c
p-value

Any Open Angle Glaucoma (n=292)

Occasional Salt vs. Never

0.60 (0.26, 1.38); 0.23

0.64 (0.27, 1.55); 0.32

0.44 (0.15, 1.27); 0.13

Often Salt vs. Never

0.21 (0.03, 1.70); 0.15

0.22 (0.03, 1.82); 0.16

0.05 (0.00, 1.26); 0.07

Primary Open Angle Glaucoma (n=211)

Occasional/Often Salt vs. Never

0.42 (0.14, 1.30); 0.13

0.41(0.12, 1.38); 0.15

0.33 (0.08, 1.36); 0.12

Pseudoexfoliation Syndrome (n=279)

Occasional Salt vs. Never

0.95 (0.54, 1.68); 0.86

1.02 (0.57, 1.83); 0.94

1.02 (0.55, 1.90); 0.95

Often Salt vs. Never

1.10 (0.47, 2.56); 0.82

1.14 (0.48, 2.68); 0.77

1.05 (0.42, 2.64); 0.92

a, . .
Adjusted for age, gender, and marital status
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Adjusted for age, gender, marital status, antihypertensive use, cardiovascular disease, migraine, diabetes, history of cataract surgery, steroid use,
active smoking status, systolic blood pressure, diastolic blood pressure, intraocular pressure, and central corneal thickness

Adjusted for age, gender, marital status, cardiovascular disease, migraine, diabetes, history of cataract surgery, steroid use, active smoking status,
systolic blood pressure, diastolic blood pressure, intraocular pressure, and central corneal thickness
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Associations between Salt Intake and Glaucoma-Related Outcomes in Participants with Antihypertensive Use
and Diastolic Blood Pressure (DBP) <90mmHg and =90mmHg Antihypertensive Use in the Thessaloniki Eye

Study Incidence Phase (n=1,076)

Participants with Antihypertensive Use and DBP <90mmHg (n=735)

Level of Overall Salt Intake and Prevalent
Glaucoma Outcome

Unadjusted Odds
Ratio (95% Confidence
Interval); p-value

Partially Adjusted Odds
Ratio (95% Confidence

a
Interval); p-value

Fully Adjusted Odds
Ratio (95% Confidence

Interval); p—valueb

Any Open Angle Glaucoma (n=735)

Occasional Salt vs. Never

1.36 (0.71, 2.62); 0.35

1.37 (0.71, 2.64); 0.35

1.27 (0.61, 2.67); 0.52

Often Salt vs. Never

2.30 (1.06, 5.02); 0.04

2.34(1.07,5.12); 0.03

2.42 (1.00, 5.84); 0.05

Primary Open Angle Glaucoma (n=543)

Occasional Salt vs. Never

1.16 (0.48, 2.83); 0.74

1.17 (0.48, 2.85); 0.73

1.16 (0.41, 3.24); 0.78

Often Salt vs. Never

2.39 (0.89, 6.42); 0.08

2.47 (0.91, 6.69); 0.08

3.01 (0.95, 9.53); 0.06

Pseudoexfoliation Syndrome (n=704)

Occasional Salt vs. Never

1.41 (0.97, 2.05); 0.07

1.45 (0.99, 2.11); 0.05

1.31(0.89, 1.95); 0.17

Often Salt vs. Never

0.77 (0.43, 1.37); 0.38

0.80 (0.45, 1.44); 0.46

0.71(0.39, 1.29); 0.27

Participants with Antihypertensive Use and DBP 290mmHg (n=49)

Level of Overall Salt Intake and Prevalent
Glaucoma Outcome

Unadjusted Odds
Ratio (95% Confidence
Interval); p-value

Partially Adjusted Odds
Ratio (95% Confidence

a
Interval); p-value

Fully Adjusted Odds
Ratio (95% Confidence

Interval); p—valueb

Any Open Angle Glaucoma (n=49)

Occasional Salt vs. Never

Often Salt vs. Never

Primary Open Angle Glaucoma (n=35)

Occasional Salt vs. Never

Often Salt vs. Never

Pseudoexfoliation Syndrome (n=47)

Occasional Salt vs. Never

1.43 (0.32, 6.45); 0.64

151 (0.30, 7.44); 0.62

1.93(0.22, 16.11); 0.54

Often Salt vs. Never

3.33(0.32, 34.82); 0.31

3.92 (0.35, 43.69); 0.27

19.81 (0.73, 538.17); 0.08

a, .. .
Adjusted for age, gender, and marital status

Adjusted for age, gender, marital status, cardiovascular disease, migraine, diabetes, history of cataract surgery, steroid use, active smoking status,
systolic blood pressure, diastolic blood pressure, intraocular pressure, and central corneal thickness
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