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High intraocular
pressure is associated
with cardiometabolic
risk factors in South
Korean men: Korean
National Health

and Nutrition
Examination Survey,
2008-2010

Abstract

Objective Elevated intraocular pressure
(IOP) contributes to the progression of visual
defects such as glaucoma. This study
determined whether metabolic syndrome
(MetS) and cardiovascular risk factors are
associated with IOP in South Korean men.
Methods We analyzed data on 4875 men
who participated in the Korean National
Health and Nutrition Examination Survey
2008-2010. We recorded the values for age,
weight, height, body mass index (BMI), waist
circumference (WC), systolic blood pressure
(SBP), diastolic blood pressure (DBP), fasting
blood glucose (FBG), insulin, homeostasis
model assessment of estimated insulin
resistance (HOMA-IR), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C),
triglyceride (TG), non-HDL-C (NHDL-C), and
TG/HDL-C, as well as sociodemographic
factors. IOP was measured using Goldmann
applanation tonometry.

Results Weight, BMI, WC, SBP, DBP,

FBG, insulin, HOMA-IR, TC, LDL-C, TG,
NHDL-C, TG/HDL-C, and the prevalence of
MetS differed significantly among the three
groups with IOP (P <0.05). Mean IOP was
higher in subjects who were obese and had
hypertension, diabetes mellitus, MetS,
abdominal obesity, high TG, high FBG, or
high BP compared with normal subjects
(P<0.005). Analysis using Pearson’s
correlation coefficient showed that all
cardiometabolic risk factors were
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significantly associated with IOP (P <0.005),
with the exception of WC and HDL-C.

A multivariate linear regression analysis
showed that IOP was positively correlated
with BMI, SBP, DBP, FBG, HOMA-IR, TC,
LDL-C, TG, NHDL-C, and TG/HDL-C after
adjusting for all covariates (all P<0.05).
Conclusions Cardiometabolic risk factors,
including the components of MetS, are
associated with increased IOP.
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Introduction

Glaucoma is an ophthalmological disease
characterized by optic nerve injury, which can
result in loss of vision.! The well-known risk
factors for glaucoma include African ethnicity,
family history of glaucoma, severe myopia, and
high intraocular pressure (IOP).!? Of these risk
factors, high IOP is one of the strongest risk
factors for glaucoma, and therefore, reducing
IOP may delay the development of primary
open-angle glaucoma.>*

Metabolic syndrome (MetS) is a collection
of risk factors that increases the chance
of an individual developing cardiovascular
disease and diabetes mellitus (DM).>® Insulin
resistance is an original conceptualization
of MetS and is a risk factor for the
development of metabolic abnormalities, such
as hypertension (HTN), obesity, impaired
glucose tolerance, dyslipidemia, elevated


http://dx.doi.org/10.1038/eye.2014.43
mailto:kmcfm@hanmail.net
http://www.nature.com/eye

triglyceride (TG) and low high-density lipoprotein
cholesterol (HDL-C).”# These metabolic abnormalities
are also components of MetS as defined in the Adult
treatment panel (ATP) III guidelines of the 2001 National
Cholesterol Education Program (NCEP) and 2005
American Heart Association/National Heart Lung and
Blood Institute (AHA/NHLBI) guidelines.”!? MetS
affects a large number of people worldwide, and the
global prevalence of MetS has increased over the recent
years.!! In particular, the prevalence of MetS has been
increasing in South Korean men. In 1998, 13.7% of South
Korean men had MetS, but by 2005, this proportion

had increased to 32.9% according to the 2005 Korea
National Health and Nutrition Examination Survey
(KNHANES).?

Many cross-sectional and longitudinal studies have
identified a relationship between cardiometabolic risk
factors and IOP. Studies based on Caucasian populations!>4
and Asian populations'>7 have found that high IOP was
associated with cardiometabolic risk factors including MetS.
Some Korean studies have also found a positive relationship
between IOP and cardiometabolic risk factors, including
waist circumference (WC), body mass index (BMI), fasting
blood glucose (FBG), and blood pressure.'®1° However,
there are some controversies surrounding these associations,
and so far, no study has been performed on the entire
Korean male population. The aforementioned recent Korean
studies were only performed in postmenopausal women
and some community populations who underwent general
health examinations at rural health promotion centers.!8-20
Therefore, we aimed to examine the relationship between
IOP and cardiovascular risk factors, including MetS, in
the entire population of Korean men who participated in
the KNHANES.

Materials and methods
Study population

We enrolled men aged 20 or older whose IOP was
measured in the KNHANES (the target population of
which was all households and people across Korea). The
study period of KNHANES was between 2008 and 2010.
Exclusion criteria in this study were: the presence of
thyroid disease, gastric cancer, hepatocellular cancer,
colorectal cancer, breast cancer, lung cancer, chronic
hepatitis B and C or liver cirrhosis; fasting for less than
8h prior to blood sampling; renal failure; pulmonary or
extrapulmonary tuberculosis; no data for the majority of
past history; currently taking pharmacological treatments
for HTN, diabetes, or dyslipidemia; ophthalmological
diseases such as pterygium or strabismus; and currently
being treated for glaucoma. In total, 4875 men were
enrolled in the study.
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Measurements

KNHANES is a nationwide cross-sectional survey
conducted in Korea that uses stratified, multi-stage,
clustered probability sampling to select a representative
sample of the non-institutionalized civilian population of
Korea. The survey consists of a health interview and a
health examination. The survey collects data via face-to-
face interviews in households and by direct standardized
physical examinations conducted in specially equipped
mobile examination centers.

Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) for each participant was measured three
times at 5-min intervals using a standard mercury
sphygmomanometer (Baumanometer, WA Baum Co.
Inc., Copiague, NY, USA). The average of the second and
third measurements was recorded as the final blood
pressure measurement. Anthropometric data, including
height, body weight, and WC were measured according
to the standardized guidelines. Height (cm) was
measured using mobile anthropometers (SECA 225,
SECA Deutschland, Hamburg, Germany) with subjects
in a standing position and the head and hips touching a
wall. Body weight (kg) was measured using mobile
scales (GL-6000-20, CASKOREA, Seoul, Korea) with the
subject dressed in a light gown without shoes. Using a
fiberglass tape measure (SECA 200, SECA Deutschland),
WC was measured to the nearest tenth of a centimeter
without compression of the soft tissue, along the middle
horizontal line between the inferior margin of the last rib
and the iliac crest. BMI was calculated by dividing body
weight by height squared (kg/m?). FBG, TC, low-density
lipoprotein cholesterol (LDL-C), HDL-C, and TG were
measured using an autoanalyzer (ADVIA 1650, Bayer,
Tarrytown, NY, USA) after a fasting period of at least 8 h.
The coefficient of variation of the assays for insulin was
1.2%. Insulin resistance was calculated using the
HOMA-IR using the following formula: fasting insulin
(uU/ml) x fasting glucose (mg/dl)/405.2!

Subjects were divided into three groups according to the
smoking status; (1) non-smokers: those who never smoked
or had smoked <100 cigarettes in their whole life,

(2) ex-smokers: those who had smoked in the past but had
stopped smoking, and (3) current smokers: those who
were currently smoking and had smoked >100 cigarettes
in their whole life. Subjects who drank <3 glasses a day
(15~30 g/day) were classified as mild to moderate
drinkers, and subjects who drank >3 glasses a day
(>30g/day) were classified as heavy drinkers. Physical
activity was defined using the international physical
activity questionnaire (IPAQ).?? Subjects were divided into
three physical activity groups according to IPAQ criteria;
sedentary (<600 metabolic equivalents (METs)/week),
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minimally active (600-3000 METs/week), and health-
enhancing physical activity (>3000 METs/week).

Ophthalmological examinations were done using a
slit-lamp (Haag-Streit model BQ-900; Haag-Streit AG,
Koeniz, Switzerland) and performed by the study
ophthalmologists. IOP was measured with a Goldmann
applanation tonometer, and we used the mean value of
two IOPs in our calculations. We divided subjects into
three groups according to their IOPs: Tertile 1
(IOP <12.5mm Hg), Tertile 2 (12.5<IOP <15.0mm Hg),
and Tertile 3 (15.0 mm Hg <IOP).

The Korean Ministry of Health and Welfare approved
the study protocol and it is approved by the institutional
review board of the Korean Center for Disease Control
and Prevention. All subjects provided a written informed
consent.

Definition of MetS

MetS was defined according to the ATP III guidelines of
the 2001 NCEP and guidelines from the 2005 AHA/
NHLBI. The WC criteria were modified for the Asian
study population.'%?® Subjects who met more than three
of the following criteria were considered to have MetS:
(1) WC>90cm, (2) serum TG>150mg/dl, (3) serum
HDL-C <40mg/dl, (4) blood pressure>130/85mm Hg
or taking anti-hypertensive drugs, and (5) FBG

levels >100 mg/dl or taking anti-hyperglycemic drugs.

Definition of dyslipidemia

We defined dyslipidemia according to the criteria of
the NCEP-ATP IIL.° Dyslipidemia was defined on the
basis of the presence of one or more of the following:
(1) TC>=240mg/dl, (2) HDL-C <40mg/dl, (3) LDL-
C>160mg/dl, (4) TG>200mg/dl, and (5) use of one or
more anti-dyslipidemic drugs. We also calculated other
surrogate parameters for dyslipidemia; non-HDL-C
(NHDL-C) and TG/HDL-C. NHDL-C was calculated as
TC minus HDL-C and we defined a high NHDL-C level
as >160 mg/dl.2* High TG/HDL-C was defined as more
than 3.8, as this has been shown to be correlated with

cardiovascular disease.?’

Statistical analysis

In order to analyze the baseline characteristics of the
study participants, we divided our study participants
into tertiles for mean IOP and compared the mean values
of cardiometabolic risk factors among the three groups
using the y’-test and one-way analysis of variance. We
compared the mean IOP of subjects with and without
cardiometabolic diseases and the component of MetS
using a y’-test (Figure 1). To identify the correlations
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between IOP and cardiometabolic risk factors, we
performed a Pearson’s correlation analysis. We
performed multivariate linear regression to compare the
relationship between the cardiometabolic risk factors and
IOP, after adjusting for age, BMI, alcohol consumption,
smoking history, and regular exercise. All statistical tests
were two-tailed and a P-value of <0.05 was considered to
be statistically significant. Statistical analysis was
performed using the SAS software package version (9.2)
for Windows (SAS Institute, Cary, NC, USA).

Results

We classified subjects into tertiles on the basis of their
average IOP values. The average IOP increased with age
but the relationship between IOP and age was not
significant (P =0.755). In terms of anthropometric
measurements, weight, BMI, WC, SBP, and DBP differed
significantly among three IOP groups (P <0.001). All
biochemical markers except HDL-C and the prevalence
of MetS differed significantly among three IOP groups
(P<0.05 and P <0.001, respectively). The mean values
of SBP, DBP, FBG, insulin, HOMA-IR, TC, LDL-C, TG,
NHDL-C, TG/HDL-C, and MetS were lowest in Tertile 1
(Table 1).

We compared the average IOP in the group with major
cardiometabolic diseases (Figure 1a) and the average IOP
in the group with components of MetS (Figure 1b) with
that of the normal group. The group with obesity, HTN,
DM, and MetS had significantly higher average IOP
(P<0.005); however, the group with dyslipidemia had
lower IOP although the association was not significant
(P=0.182) (Figure 1). Participants with abdominal
obesity, high BP, high TG, and high FBG had significantly
higher IOP than that of the normal group (P <0.005).
However, there was no significant difference between the
group with low HDL-C and the normal group (P =0.594)
(Figure 1).

In order to assess the relationship between IOP
and cardiometabolic risk factors, R? was calculated in
Table 2. With the exception of WC and HDL-C, all
cardiometabolic risk factors were significantly associated
with IOP (P <0.005). Of the cardiometabolic risk factors,
the R of DBP and IOP was the highest and the second
highest was the R? of SBP and IOP (R?=0.0158 and
0.0148, respectively).

Multivariate linear regression analysis showed that
IOP was positively correlated with BMI, SBP, DBP, FBG,
HOMA-IR, TC, HDL-C, LDL-C, TG, NHDL-C, and TG/
HDL-C in Model 1 (all P<0.05). After adjusting for all
covariates (model 2), there were also significantly
positive correlations between IOP and BMI, SBP, DBP,
FBG, HOMA-IR, TC, HDL-C, LDL-C, TG, NHDL-C, and
TG/HDL-C (all P<0.05) (Table 3).
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Table 1 General characteristics of subjects according to IOP in the KNHANES 2008-2010

Variable IOP (mmHg) P-value®
Tertile 1 (<12.5) Tertile 2 (12.5~15.0) Tertile 3 (>15.0)
Unweighted (1) 1551 1820 1504
Age (years) 39.94 (0.47) 40.05 (0.39) 40.35 (0.42) 0.755
Height (cm) 171.75 (0.19) 171.63 (0.18) 171.42 (0.19) 0.448
Weight (kg) 69.98 (0.33) 69.79 (0.32) 71.47 (0.35) <0.001
BMI (kg/m?) 23.68 (0.9) 23.65 (0.09) 24.28 (0.10) <0.001
WC (cm) 83.73 (1.28) 82.64 (0.26) 84.16 (0.27) <0.001
Alcohol intake 0.145
Non-drinker 13.23 (0.98) 10.57 (0.81) 11.28 (0.85)
Mild to moderate-drinker 69.57 (1.38) 70.40 (1.14) 68.83 (1.36)
Heavy drinker 17.20 (1.15) 19.03 (1.00) 19.90 (1.17)
Smoking status 0.234
Non-smoker 25.61 (1.38) 24.50 (1.14) 21.48 (1.23)
Ex-smoker 25.11 (1.32) 25.75 (1.19) 27.34 (1.30)
Current 49.28 (1.55) 49.74 (1.43) 51.19 (1.61)
Physical activity 0.857
Sedentary 15.37 (1.14) 16.33 (1.07) 14.82 (1.00)
Minimally active 49.78 (1.64) 48.84 (1.29) 49.05 (1.59)
Health-enhancing physical activity 34.85 (1.54) 34.83 (1.33) 36.13 (1.51)
Education level 0.124
Below univ<12 63.24 (1.57) 59.86 (1.47) 59.06 (1.76)
University or more>13 36.76 (1.57) 40.14 (1.47) 40.94 (1.76)
Monthly income 0.156
Lowest quartile 13.04 (1.17) 10.75 (0.90) 10.49 (1.12)
2nd—4th quartile 86.96 (1.17) 89.25 (0.90) 89.51 (1.12)
SBP (mm Hg) 114.10 (0.46) 115.09 (0.39) 117.58 (0.44) <0.001
DBP (mm Hg) 75.52 (0.38) 76.25 (0.34) 78.46 (0.31) <0.001
FBG (mg/dl) 93.83 (0.67) 94.63 (0.45) 96.21 (0.55) 0.013
Insulin 9.47 (0.13) 9.72 (0.15) 10.20 (0.18) 0.004
HOMA-IR? 2.22 (0.03) 2.30 (0.04) 2.46 (0.05) <0.001
TC (mg/dl) 182.30 (1.01) 186.80 (0.92) 190.63 (1.16) <0.001
HDL-C (mg/dD 49.73 (0.34) 50.40 (0.34) 49.95 (0.37) 0.348
LDL-C (mg/dl) 109.88 (0.93) 112.34 (0.83) 114.45 (0.97) 0.002
TG (mg/dl) 139.86 (3.09) 151.13 (3.95) 164.52 (4.75) <0.001
NHDL (mg/dl) 136.56 (1.04) 140.48 (0.95) 144.69 (1.18) <0.001
TG/HDL-C 3.37 (0.09) 3.69 (0.15) 3.98 (0.14) <0.001
MetS (yes, %) 15.98 (1.15) 19.53 (1.03) 24.97 (1.36) <0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, homeostasis model assessment of insulin resistance; IOP, intraocular pressure; KNHANES, Korean National Health and Nutrition
Examination Survey; LDL-C, low-density lipoprotein cholesterol; MetS, metabolic syndrome; NHDL-C, non-high-density lipoprotein cholesterol;
SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference.

Data are presented as mean + SE or percentages.

2 P-values were obtained by y’-test and one-way analysis of variance.
PHOMA-IR = fasting insulin (uU/ml) x fasting glucose (mg/dl)/405.

As the effect sizes of the various parameters of

cardiometabolic risk factors were different, they were
not isometrically comparable. Therefore, we converted

the raw measurements to z-scores, or standardized

scores. These scores express the distance from the

mean for the measurement, allowing us to place
cardiometabolic risk factors together on the same

graph according to their tertile of IOP (Figure 2).

DBP was the strongest explanatory variable in the
relationship between IOP and cardiometabolic risk
factors. Other parameters including BMI, SBP, FBG,
insulin, HOMA-IR, TC, LDL-C, TG, and NHDL-C, and
TG/HDL-C were also strong explanatory factors, while

WC and HDL-C were not.
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a Obesity*
15.5
15
14.5
Mets* . , Hypertension*
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—+—No
|
Dyslipidemia DM*
b Abdominal
obesity*
15.5
15
High TG*  High BP*
—t—Yes
No
Low HDL-C High FBG*

Figure 1 (a) Comparison of mean IOP between subjects with
and without major cardiometabolic diseases. DM, diabetes
mellitus; MetS, metabolic syndrome. *P-values were obtained
using the y’-test and were <0.001. (b) Comparison of mean
IOP between subjects with and without MetS components.
BP, blood pressure; FBG, fasting blood glucose; HDL-C, high-
density lipoprotein cholesterol; TG, triglyceride. *P-values were
obtained by y’-test and were <0.001.

Discussion

In this study, mean IOP was elevated in South Korean
men with obesity, HTN, DM, MetS, abdominal obesity,
and high TG, FBG, and BP. Of the cardiometabolic risk
factors, IOP was positively correlated with BMI, SBP,
DBP, FBG, HOMA-IR, TC, TG, LDL-C, HDL-C, NHDL-C,
and TG/HDL-C.

The positive relationship between SBP and IOP has
been well established in some studies.>17/1820,26-31 [y the
Rotterdam study, SBP and HTN were shown to be
associated with IOP in 4187 Caucasian subjects.?” In a
study of a Latino population of 5958 subjects, a positive
correlation was found to exist between SBP and IOP.?
Positive correlations between SBP and IOP were also
found in two Korean studies.?’3! In the relationship
between IOP and DBP, many studies showed
inconclusive relationship.2=" In a community, there was
no association between IOP and DBP among Korean
men, but there was a positive association among Korean
women.3? But, DBP showed the strongest association
with increased IOP in this study. The hypothetical
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Table 2 Pearson’s correlation analysis of IOP and cardiometa-
bolic risk factors

Variable R? P-value
BMI (kg/m?) 0.0071 <0.001
WC (cm) 0.0007 0.473
SBP (mm Hg) 0.0148 <0.001
DBP (mm Hg) 0.0158 <0.001
FBG (mg/dl) 0.0045 <0.001
Insulin 0.0041 <0.001
HOMA-IR? 0.0059 <0.001
TC (mg/dlD 0.0091 <0.001
HDL-C (mg/dl) 0.0002 0.393
LDL-C (mg/dl) 0.0033 <0.001
TG (mg/dD 0.0061 <0.001¢
NHDL-C (mg/dl) 0.0081 <0.001
TG/HDL-C 0.0037 0.002¢

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure;
FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, homeostasis model assessment of insulin resistance; IOP,
intraocular pressure; LDL-C, low-density lipoprotein;, NHDL-C, non-
high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC,
total cholesterol; TG, triglyceride; WC, waist circumference.

* P-values were obtained using Pearson’s correlation analysis.
PHOMA-IR = fasting insulin (uU/ml) x fasting glucose (mg/dl)/405.
¢Log transformation.

Table 3 Multivariable-adjusted linear regression analysis of
IOP and cardiometabolic risk factors

Independent variable Model 1 Model 2

p (SE) P-value® p (SE) P-value®

BMI (kg/m?) 0.072 (0.013)  <0.001 0.072 (0.014) <0.001

WC (cm) —0.001 (0.001) 0.227  —0.002 (0.001) 0.151
SBP (mm Hg) 0.022 (0.004) <0.001 0.022 (0.004) <0.001
DBP (mm Hg) 0.029 (0.005) <0.001 0.028 (0.005) <0.001

FBG (mg/dl) 0.008 (0.003) 0.006
Insulin 0.021 (0.012) 0.089
HOMA-IR® 0.099 (0.041) 0.016
TC (mg/dl) 0.006 (0.001) <0.001
HDL-C (mg/dl) 0.010 (0.004) 0.007
LDL-C (mg/dl) 0.004 (0.002) 0.024

0.008 (0.003) 0.008
0.022 (0.013) 0.079
0.102 (0.042) 0.016
0.006 (0.001) <0.001
0.009 (0.004) 0.011
0.004 (0.002) 0.018

TG (mg/dl) 0.001 (0.000) 0.002 0.001 (0.000) 0.004
NHDL (mg/dl) 0.005 (0.001)  <0.001 0.005 (0.001) <0.001
TG/HDL-C 0.028 (0.012) 0.019 0.025 (0.012) 0.032

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure;
FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, homeostasis model assessment of insulin resistance; IOP,
intraocular pressure; LDL-C, low-density lipoprotein; NHDL-C, high-
density lipoprotein cholesterol; non-HDL-C, non-high-density lipopro-
tein cholesterol; TC, total cholesterol; SBP, systolic blood pressure; TG,
triglyceride; WC, waist circumference.

Model 1 was adjusted for age and BMI.

Model 2 was adjusted for age, BMI, alcohol consumption, smoking status,
and physical activity.

* P-values were obtained using multiple regression analysis.
PHOMA-IR = fasting insulin (uU/ml) x fasting glucose (mg/dl)/405.

mechanism for this relationship is that the elevated blood
pressure increases ciliary arterial blood pressure and
ultrafiltration pressure of aqueous humor,?® and also
increases corticosteroid levels and sympathetic tone,
particularly in hypertensive subjects.3> Further studies
are needed to explain these inconsistent results.
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Figure 2 Standardized score of means of various cardiometabolic risk factors according to the tertile group of mean IOP.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood
glucose; HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol, HDL-C, high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol; TG, triglyceride; NHDL-C, non-HDL-C. *P-values were obtained by y’-test and

were <0.05.

BMI has also been shown to be positively correlated
with IOP in many studies.’>16192% A suggested
mechanism for this relationship is that the increase of
intraorbital fat tissues raises the episcleral venous
pressure and blood viscosity, leading to a reduction in
aqueous outflow and an increased IOP.2® Methodological
cause has also been suggested that the increased IOP
recorded in obese people is due to a transitory elevation
resulting from breath holding and thoracic compression
during Goldmann tonometry examination.3?

Although there is no clear mechanism that explains the
positive relationship between IOP and HOMA-IR and
DM, many studies have revealed positive
results.31317,20.27.2831,34 Iy an epidemiological study,
diabetes-related autonomic dysfunction and genetic
factors are considered to be explanatory mechanisms.
In addition, corneal stiffening has also been suggested as
a factor that elevates IOP%® as a result of corneal collagen
cross-links induced by glycation.?” Although we did not

35

analyze central corneal thickness in this study, people
with DM have been shown to have high central corneal
thickness in previous studies.3438

The aforementioned findings suggest a possible
linkage between MetS and IOP, since MetS is a state of
insulin resistance represented by HOMA-IR. As in this
study, MetS has been shown to be associated with high
IOP in many previous studies.!”203031,3 Some Korean
studies have found a positive correlation between the
number of components of MetS and IOP even after
adjusting for BP and FBG.3*3! Many mechanisms also
influence the positive correlation between MetS and IOP,

but the direct mechanism for this is currently unknown.
Sympathetic hyperactivation,® and aquaporins that are
known to be related with insulin resistance®” are
considered as potential pathophysiological mechanisms
of the relationship between MetS and IOP.

Some studies, including this one, have indicated a
positive correlation between lipid parameters and
increased IOP.17202830 Among lipid variables, TG has
been shown to have an especially strong association with
IOP, but results differ according to gender and study
design.172030 Unlike previous studies, we found a
positive correlation between IOP and all lipid variables,
including NHDL-C and TG/HDL-C, which are
representative markers of small dense LDL-C. It may be
assumed that South Korean men are prone to increased
IOP when atherogenic dyslipidemia is present. These
results may be explained by an increase in blood
viscosity and a decrease in aqueous outflow,*! but
further studies are needed to investigate the mechanisms
behind the relationship between elevated IOP and
dyslipidemia.

This study has several strengths. To the best of our
knowledge, this study is the first to examine the
relationship between IOP and cardiometabolic risk
factors using a large, representative population of Korean
men. Previous studies have been limited to particular
regions. The other strength is that we used novel
dyslipidemic parameters, such as TG/HDL-C and
NHDL-C, which are related to atherogenic dyslipidemia,
and showed a positive correlation between DBP and IOP
in Korean men. Third, we adjusted for several variables
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such as age, BMI, alcohol consumption, smoking, and
physical activity.

However, there are several limitations to the present
study. First, this study is a cross-sectional study, so it is
difficult to show a causal relationship or to analyze
potential mechanisms. Second, we did not measure the
central corneal thickness and corneal curvatures that are
related to IOP. Third, we did not check the time of the
day and the season of the year the IOP measurements
were taken. Some studies showed seasonal and diurnal
variations of IOP, and IOP was slightly high in winter
seasons and in the morning 284243

In conclusion, we found that risk factors for
cardiovascular diseases, including components of MetS,
appear to be associated with a rise in IOP in South
Korean men. Further prospective studies are needed to
assess whether or not improving cardiometabolic risk
factors lowers the risk of IOP and glaucoma.

Summary

What was known before

o High IOP is well known to be related with MetS and
cardiovascular risk factors. Recently, the relationship
between IOP and cardiometabolic risk factors had been
studied in mainly postmenopausal women and
community-based subjects in Korea. Among
cardiometabolic risk factors, SBP, obesity, DM, TG are still
associated with increased IOP.

What this study adds

® None of the studies showed their relationship between
IOP and dyslipidemic parameters such as TG/HDL-C
and NHDL-C of the study group on men. In current
study, IOP was highly positively correlated with SBP,
DBP, TC, TG, TG/HDL-C, and NHDL-C. Among
cardiometabolic risk factors, unlike other studies, IOP is
especially associated with DBP and atherogenic
dyslipidemic markers like NHDL-C and TG/HDL-C in
South Korean men.
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