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Abstract

e AIM: To evaluate the association among -elevated

intraocular pressure (IOP), the metabolic syndrome

(MetS), body mass index (BMI), and some of their

components in the Israeli population.

e METHODS: We retrospectively reviewed the charts of

12 747 soldiers of the Israeli Defense Forces, aged 35y or

older, who underwent a routine periodical medical
examination between 1991 and 2004. None of the
subjects received medical treatment for either glaucoma
or ocular hypertension. High IOP (>21 mm Hg) was
correlated with age, sex, arterial blood pressure, total
blood cholesterol levels, triglyceride levels, high-density
lipoprotein  cholesterol, low

—density lipoprotein

cholesterol, smoking , BMI and MetS.

e RESULTS: A statistically significant difference was

found between the IOP of subjects with a low risk and
higher risk for the development of MetS (/~<0.0001 for
males, #~=0.0026 for females). A statistically significant
positive correlation was found in male subjects between
high BMI and elevated IOP (=0.11677, ~<0.0001).

e CONCLUSION: MetS and BMI were significantly more

prevalent in subjects with increased IOP levels. We
suggest that both should be taken into consideration in
the assessment of glaucoma suspects.
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syndrome
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INTRODUCTION
I ntraocular pressure (IOP) is well established as the most
significant risk factor for both the development and
progression of glaucoma [4. Several other independent,
weaker risk factors have been identified. Of these, age and
cup to disc (C/D) ratio are widely accepted by researchers,
while family history, diabetes, myopia and blood pressure are
subject to continuous debate regarding their effect on
glaucoma risk and progression 9. The success of risk
factor-guided management in other fields, such as in the
treatment of cardiovascular diseases, led glaucoma experts to
suggest the adoption of this concept to glaucoma
management . The basis for this concept is identification of
associated risk factors. Their presence and grade of severity
may affect the main risk factors subsequently which, in the
case of glaucoma, is the IOP. Accounting for these additional
risk factors can supplement the decision on the
aggressiveness of treatment.
One of the major risk factors for cardiovascular disease is
dyslipidemia, which can be reduced by altering dietary
intake, pursuing aerobic physical activity and other life style
modifications, as well as medication use. Similarly,
contributing risk factors to cardiovascular diseases can be
diminished by lowering blood pressure, blood glucose level
and obesity, or by encouraging physicalexercise, and can also
be subject to therapy and behavioral changes ™. In glaucoma,
the main risk factor, IOP, can be altered both medically and
surgically, yet some of the known additional risk factors
cannot be subjected to change, such as age, central corneal
thickness, family history, and C/D ratio at the time of

diagnosis. Nevertheless, these risk factors can contribute to
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Table 1 Distribution according to IOP and predisposing risk factors for MetS n(%)
No. of predisposing factors I0P <20 mm Hg I0P >21 mm Hg
to MetS M F M F
0-2 7799 (88.4) 1008 (90.8) 1024 (11.6) 102 (9.2)
3-5 2196 (82.7) 133 (83.1) 458 (17.26) 27 (16.9)

IOP: Intraocular pressure; MetS: Metabolic syndrome; P value for males<0.0001, for females=0.0026. n=3809 of 11 477 males and

497 of 1270 females were excluded due to missing values.

Table 2 Univariant analysis of risk factors of BMI versus high IOP n=1552
- - - - - -
08 A e oS
Elevated diastolic blood pressure 17.3 26.3 0.01° 0.05154
Smoking 18.2 17.9 0.55 0.03141
Blood lipid level 17.6 18.3 0.73 0.04259
Ergometric stress testing 18.1 19.9 0.69 -0.0909

BMI: Body mass index; IOP: Intraocular pressure. *Statistically significant.

the decision as to how best to treat or prevent the disease.
Central corneal thickness serves as an example of how a risk
factor can play a major role in assessing the risk for
glaucoma transformation from ocular hypertension®.,

We investigated the association between metabolic syndrome
(MetS) 1" body mass index (BMI), obesity, insulin
resistance!, hyperglycemia, hypertriglyceridemia, hypertension,
and the measured IOP, seeking to identify systemic risk
factors for glaucoma**,

SUBJECTS AND METHODS

Subjects We retrospectively collected data on 19 443
subjects, aged 35-55y, who underwent a compulsory routine
health assessment in the Israel Defense Forces. We included
for analysis the complete records of 12 747 subjects: 11 477
males and 1270 females with complete records for
calculating MetS. We compared the percentage of examinees
with IOP higher than 21 mm Hg with normal versus
abnormal values of selected systemic health characteristics.
IOP measurements reflected the average of three-puff
tonometer readings (Reichert AT555, Depew measurements
was taken). All measurements were taken between 9 a.m.
and 1 p.m. For analysis purposes, we took into account the
higher IOP reading of both eyes in each subject. The study
and data collection conformed to all local laws and were
compliant with the principles of the Declaration of Helsinki.
Methods The following parameters were recorded: systolic
and diastolic blood pressure, blood level of total cholesterol,
high density lipoprotein (HDL), low density lipoprotein
(LDL) and triglycerides, ergometric stress testing results, and
current and past history of cigarette packs smoked per day.
MetS risk was calculated according to the International
(IDF) protocols

Diabetes Federation 51 Subjects were

deemed to have an increased risk for developing

cardiovascular disease if they achieved a score of three or

more detrimental factors. We calculated the BMI for a
404

Table 3 Univariant analysis of percentage of high IOP in each

of the three BMI sub-groups n=1552
BMI % of IOP >21 mm Hg
<25 14.0
25-30 19.2
>30 24.0

BMI: Body mass index; IOP: Intraocular pressure; r=0.11677,
P<0.001.

subgroup of 1552 male subjects and divided the subjects into
three groups: those with a low BMI who had a score of 25 or
less, those with a moderate BMI with a score between 25 and
30, and those with a high BMI with a score over 30.
Statistical Analysis Commercial software (SAS system ver.8;
SAS, Cary, NC, USA) was used to analyze the data.
Univariant & multivariant analysis was applied to all results
utilizing Pearson correlation coefficients and multivariate
linear regression to test for statistical significance. Chi-square
was used to test the MetS groups for statistical significant
difference.

RESULTS

Mean IOP was 17.3 mm Hg (standard deviation 3.9, range 9
to 32). All subjects with MetS were significantly more prone
to have an elevated IOP greater than 21 mm Hg (/~<0.0001)
(Table 1). Univariant analysis of blood pressure, smoking
habits, dyslipidemia and ergometric stress testing versus high
IOP is illustrated in Table 2. High blood pressure was
associated with a higher percentage of IOP>21 mm Hg. No
association was found between the other variables and IOP.
Table 3 summarizes the univariant analysis of the percentage
of high IOP in each of the three sub-groups, divided
according to BMI levels. Higher values of BMI were
associated with a higher IOP.

Only BMI was positively correlated with IOP greater than
21 mm Hg in a multivariate analysis of BMI, elevated
systolic and diastolic blood pressure, elevated cholesterol
blood levels (HDL, LDL, triglycerides), a history of smoking,
and abnormal ergometric stress testing.
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DISCUSSION

MetS and BMI were positively correlated with increased IOP
in our study as well as in the literature [**1. One study
originating in Japan found that MetS was a risk factor for
ocular hypertension, while another Japanese study found that
obesity alone was a risk factor for increased IOP "', Chang
ez 2/ " found that MetS and other insulin resistance-related
features were strongly associated with IOP. In the largest
study by Nauman-Casey ¢72/™, on the relationship between
components of MetS and primary open angle glaucoma
(POAG) in the United States, it was found that both
hypertension and diabetes were independently but additively
related to POAG, and that only obese women were found to
be at increased risk for glaucoma. The latter report, which
studied a large group, also found that hyperlipidemia
increased the risk of POAG, but only when associated with
diabetes and hypertension.

Some studies found no association between MetS and POAG
but confounding factors were not completely controlled nor
adjusted due in part to a small sample size!".

BMI had a significant positive correlation with IOP in the
multivariate analysis of risk factors in several previous
reports 2, Klein e/ 2/ and Wu and Leske ¥ reported a
positive correlation between BMI and glaucoma, but other
reports failed to show this association. No association was
observed between elevated BMI and glaucoma ®. There was
no statistical difference in BMI between glaucoma patients
and controls. On the contrary, there was a tendency for
glaucoma patients to have a lower BMI In a study by
Pasquale ez 2/ ™, a higher BMI in women was associated
with a lower risk of POAG with an IOP of 21 mm Hg or less
at diagnosis. In contrast, this was not true for men ™. In a
study by Asrani ¢ 2/ *?, normal tension glaucoma patients
were more likely to have a lower BMI and lower systolic
blood pressure when compared to POAG patients. In
Singapore, it was reported that individuals with a lower BMI
have a lower neuroretinal rim area and a larger optic C/D
ratio.

People with MetS are more likely to have an elevated IOP as
well as POAG, as seen both in our report and in others. In
contrast, although our study supports the positive correlation
between elevated BMI and increased IOP, the literature
shows conflicting results to that effect™>2",

Increase in fat in the orbital space may lead to increased
venous pressure , diminishing the outflow facility, yet other
insulin resistance related features might be involved in the
pathogenesis of ocular hypertension®'®,

The limitations of this study are its retrospective nature and
the fact that the data was collected in 2004. This reduced the

number of subjects that had all the relevant data for analysis
as well as did not allow us to present detailed information on
2 variables used for calculating MetS.

Neither our study nor any other report included information
about subjects with ocular hypertension who later developed
glaucoma in relation to MetS or BMI. We might conclude at
this stage that clinicians might use MetS and perhaps also
elevated BMI to better predict if an individual is likely to
have elevated IOP or to acquire POAG. This is of particular
value as, due to the rising number of patients with MetS in
the general population, this may result in an increased
prevalence of POAG if the MetS is not addressed and
controlled by timely public preventive health programs and
an individualized approach to obesity.
AKNOWLEDGEMENTS

Conflicts of Interest: Wygnanski-Jaffe T, None; Bieran
I, None; Tekes —Manova D, None; Morad Y, None;
Ashkenazi I, None; Mezer E, None.

REFERENCES

1 Lascaratos G, Garway—Heath DF, Burton R, Bruce C, Xing W, Crabb DP,
Russell RA, Shah A, United Kingdom Glaucoma Treatment Study Group.
The United Kingdom Glaucoma Treatment Study: a multicneter,
randomized, double—masked, placebo—controlled clinical trial: baseline
characteristics. Opthttalmology 2013;120(12):2540-2545

2 Rao HL, Addepali UK, Jonnadula GB, Kumbar T, Senthil S, Garudadri
CS. Relationship between intraocular pressure and rate of visual field
progression in treated glaucoma. ./ G/aucoma 2013;22(9):719-724

3 Francis BA, Varma R, Vigen C, Lai MY, Winarko J, Nguyen B, Azen S,
Los Angeles Latino Eye Study Group. Population and high-risk group
screening for glaucoma: The Los Angeles Latino Eye Study. /Zzres/
Optattalmol Vis S5cr2011;52(9):6257-6264

4 Yanagi M, Kawasaki R, Wang JJ, Wong TY, Crowston J, Kiuchi Y.
Vascular risk factors in glaucoma: a review. (/i Lxperiment Oplitthalmol
2011;39(3):252-258

5 Lin HC, Chien CW, Hu CC, Ho JD. Comparison of comorbid conditions
between open—angle glaucoma patients and a control cohort: a case control
study. Ophthalmology 2010:117(11):2088-2095

6 Kawase K, Tomidokoro A, Araie M, Iwase A, Yamamoto T, Tajimi Study
Group; Japan Glaucoma Society. Ocular and systemic factors related to
intraocular pressure in Japanese adults: the Tajimi study. Br J Ophthalmol
2008;92(9):1175-1179

7 Girkin CA, Kannel WB, Friedman DS, Weinreb RN. Glaucoma risk
factor assessment and prevention: lessons from coronary heart disease. Az
S Optittoalmol 2004;138(3 Suppl):11-18

8 Gandotra P, Miller M. The role of triglycerides in cardiovascular risk.
Curr Cardiol fiep.2008;10(6):505-511

9 Song C, De Moraes CG, Forchheimer I, Prata TS, Ritch R, Liebmann JM.
Risk calculation variability over time in ocular hypertensive subjects. ./
Glaucoma 2014;23(1):1-4

10 Cerezo C, Segura J, Praga M, Ruilope LM. Guidelines updates in the
treatment of obesity or metabolic syndrome and hypertension. Cuzr

Lhpertens fep 2013;15(3):196-203
405



Metabolic syndrome: a risk factors for increased intraocular pressure

11 Benegas JR, Lopez Garcia E, Dallongeville J, Guallar E, Halcox JP,
Borghi C, Masso—Gonzalez EL, Sazova O, Perk J, Steg PJ, De Backer G,
Rodriguez—Artalejo F. Achievement of lipoprotein goals among patients
with metabolic syndrome at high cardiovascular risk across Europe. The
Eurika study. Zz2./ Cardrio/ 2013;166(1):210-214

12 Liu L, Miura K, Fujiyoshi A, Kadota A, Miyagawa N, Nakamura Y,
Ohkubo T, Okayama A, Okamura T, Ueshima H. Impact of metabolic
syndrome on the risk of cardiovascular disease mortality in the United
States and in Japan. Am ./ Cardio/2014;113(1):84-89

13 Wang J, Ruotsalainen S, Moilanen L, Lepisto P, Laakso M, Kuusisto J.
The metabolic syndrome predicts cardiovascular mortality: a 13-year
follow—up study in elderly non-diabetic Finns. Z£uz Heart ./ 2007;28 (7):
857-864

14 Ryu J, Yong HS, Huh S, Kang EY, Woo OH. Relation of coronary
atherosclerosis and metabolic syndrome in asymptomatic subjects:
evaluation with coronary CT angiography. /s ./ Cardrovasy /iagrng 2013;
29(Suppl 2):101-107

15 Alberti KG, Zimmet P, Shaw J. Metabolic syndrome—a new world-wide
definition. A Consensus Statement from the International Diabetes
Federation. Zrbet Med 2006;23(5):469-480

16 Imai K, Hamaguchi M, Mori K, Takedea N, Fukui M, Kato T, Kawahito
Y, Kinoshita S, Kojima T. Metabolic syndrome as a risk factor for
high—ocular tension. 222/ Obes (Loua) 2010;34(7):1209-1217

17 Tan GS, Wong TY, Fong CW, Aung T,Singapore Malay Eye Study.
Diabetes, metabolic abnormalities, and glaucoma. Arets Ophittalnal 2009;
127(10):1354-1361

18 Chang YC, Lin JW, Wang LC, Cehn HM, Hwang JJ, Chuang LM.
Association of intraocular pressure with the metabolic syndrome and novel

cardiometabolic risk factors. £ve (Zona)2010;24(6):1037-1043

406

19 Newman-Casey PA, Talwar N, Nan B, Musch DC, Stein JD. The

relationship between components of metabolic syndrome and open-angle

glaucoma. Op/hittialmology 2011;118(7):1318-1326

20 Kim YH, Jung SW, Nam GE, Do Han K, Bok AR, Baek SJ, Cho KH,

Choi YS, Kim SM, Ju SY, Kim DH. High intraocular pressure is associated

with cardiometabolic risk factors in South Korean men: Korean National

Health and Nutrition Examination Survey, 2008-2010. Zye (Zoud) 2014:

28(6);672-679

21 Kim M], Park KH, Kim CY, Jeoung JW, Kim SH. The distribution of
intraocular pressure and associated systemic factors in a Korean population:

the Korea National Health and Nutrition Examination Survey. Acza
Optithalmologrea 2014:92(7):e507-513

22 Leske MC, Connell AM, Wu SY,Hyman LG, Schachat AP. Risk factors

for open-angle glaucoma. The Barbados Eye Study. Aret Oplitthatinof
1995;113(7):918-924

23 Klein BE, Klein R, Linton KL. Intraocular pressure in an American

community. The Beaver Dam Eye Study. Zzrest Optittatmol Vis Ser 1992,

33(7):2224-2228

24 Wu SY, Leske MC. Associations with intraocular pressure in the

Barbados Eye Study. _12¢4 Optitthalmol 1997;115(12):1572-1576

25 Pasquale LR, Willett WC, Rosner BA, Kang JH. Anthropometric

measures and their relation to incident primary open angle glaucoma.

Optitthalmologr2010;117(8):1521-1529

26 Asrani S, Samuels B, Thakur M, Santiago C, Kuchibhatta M. Clinical

profiles of primary open angle glaucoma versus normal tension glaucoma

patients: a pilot study. CuzrAye Fes 2011;36(5):429-435

27 Zheng Y, Cheung CY, Wong TY, Mitchell P, Aung T. Influence of

height, weight, and body mass index on optic disc parameters. /mress

Optittlarmol ) 25 507 2010;51(6):2998-3002



