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Sum mary
Pur po se: To evaluate the prevalence of primary open-angle glaucoma (POAG) in subjects aged over 40 years in Western Turkey and to
quantify its association with several systemic risk factors.
Ma te ri al and Met hod: The research was conducted in Afyonkarahisar, a middle Anatolian city, between November 2005 and February
2006. A total of 1533 subjects aged 40 years or more were included in the study. Diabetes mellitus, hypertension, atherosclerotic cardiac
disease, obesity, smoking, alcohol consumption, and dietary habitus (meat, chicken, and fish consumption) were asked. Level of blood
glucose, serum total cholesterol, triglyceride, high-density lipoprotein, low-density lipoprotein, very-low-density lipoprotein, Vitamin
B12, and thyroid-stimulating-hormone were determined. Ophthalmic examination was performed, and intraocular pressure was measured
by tonopen. Subjects with an IOP of 21 mmHg or more and/or with a cupping/disc ratio of 0.3 or more were told to come to the clinic
for visual field analysis and gonioscopy. Subjects with a typical glaucomatous visual field defect and an open angle were recorded as POAG.
Risk factors for POAG were determined by chi-square test. 
Re sults: Prevalence of POAG was found to be 2% (30 subjects) and the only associated risk factor was age (p=0.05). Dietary habitus was
also not associated with glaucoma (p>0.05). 
Dis cus si on: This study provides a population-based data about the prevalence and risk factors of POAG in Turkey. (Turk J Ophthalmol
2013; 43: 87-90)
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Özet
Amaç: Türkiye’nin batısında 40 yaşın üzerindeki primer açık açılı glokomun prevalansını belirlemek ve sistemik bazı risk faktörleri ile
ilişkisini değerlendirmek.
Ge reç ve Yön tem: Bu çalışma, Kasım 2005 ve Şubat 2006 tarihleri arasında bir orta Anadolu şehri olan Afyonkarahisar’da yapılmıştır.
Çalışmaya 40 yaş ve üzerindeki toplam 1533 olgu dahil edildi. Diabetes mellitus, hipertansiyon, aterosklerotik kalp hastalığı, obezite,
sigara ve alkol tüketimi ve beslenme alışkanlığı (kırmızı et, tavuk, veya balık tüketimi) sorgulandı. Açlık kan şekeri, total serum
kolesterol, trigliserit, yüksek-dansiteli-lipoprotein, düşük-dansiteli lipoprotein, çok-düşük-dansiteli lipoprotein, Vitamin B12 ve tiroid-
stimüle-edici-hormon seviyesi belirlendi. Oftalmik muayene yapıldı ve tonopen yardımı ile göz içi basıncı ölçüldü. Göz içi basıncı 21
mmHg veya üzerinde olan olgular ve veya çukurluk/disk oranı 0,3 veya üzerinde olan olgular görme alanı testi ve gonyoskopi yapılması
için kliniğe çağrıldılar. Görme alanı testinde tipik glokomatöz görme alanı hasarı saptanan ve ön kamara açısı açık olan olgular primer
açık açılı glokom olarak kaydedildi. Primer açık açılı glokom için risk faktörleri ki-kare testi kullanılarak değerlendirildi. 
Sonuçlar: Primer açık açılı glokom prevalansı %2 idi ve ilişkili olan tek risk faktörü yaş olarak saptandı (p0,05). Beslenme
alışkanlığınında etkisiz olduğu gözlendi (p>0,05). 
Tar t›fl ma: Bu çalışma, Türkiye’de primer açık açılı glokomun prevalansı ve ilişkili risk faktörleri için topluma dayalı bilgi sağlamaktadır.
(Turk J Ophthalmol 2013; 43: 87-90)
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Introduction
Primary open-angle glaucoma (POAG) is an important cause of

vision loss which can be prevented if determined at an early stage.
Because of this, the evaluation of risk factors play an important role
in taking preventive care for POAG. 

Glaucoma is a progressive optic neuropathy where intraocular
pressure (IOP) is believed to be the main risk factor. Its incidence has
been reported to be 0.9% -9.7% over the age of 40 years.1-4 Some
systemic and ocular risk factors like corticosteroid use and myopia
are shown to play a role in the development of glaucoma, whereas
smoking and the use of alcohol do not affect the development of
glaucoma.5,6

In this study, we aimed to investigate the importance of a
number of systemic conditions as risk factors for POAG in subjects
aged over 40 years from Western Turkey. 

Materials and Methods
The study was approved by Clinical Research Ethics Committee

at Afyon Kocatepe University Faculty of Medicine, and written
informed consent was obtained from all participants. The research
was conducted in Afyonkarahisar between November 2005 and
February 2006.7 A total of 1533 subjects aged 40 years or more
from urban and province screening regions of Afyonkarahisar were
detected according to the population records of the year 2000,
which represent the population of the area appropriately. The records
of the regional health institutions were used in order to determine
the subjects and the subjects were selected randomly from the
“Family Cards” of the primary health centers, regarding the gender
and ages. Only one person was selected from every house. The
subjects were informed about the study by telephone interviews one
night before, their approvals were obtained and their transport to
the health institutions, where the study would be conducted, was
provided. The data were collected by a questionnaire in which face
to face survey method was performed by the physicians. History of
systemic disease like diabetes mellitus (DM), hypertension or
atherosclerotic cardiac disease (ASCD), obesity, systemic or ocular
drug use was asked. Five milliliters (ml) of venous blood was
obtained from all subjects after fasting for at least 8 hours or
overnight. Levels of blood glucose, serum total cholesterol,
triglyceride, high-density lipoprotein cholesterol (HDL), low-
density lipoprotein cholesterol (LDL), very low-density lipoprotein
cholesterol (VLDL), Vitamin B12 and thyroid-stimulating hormone
(TSH) were determined. 

Subjects were divided into 4 groups according to their age as
group 1 (40–49 years), group 2 (50–59 years), group 3 (60–69
years), and group 4 (70 years or more). The subjects were evaluated
according to their living area as rural or urban area. The diagnosis of
DM was made by a history of DM or measured fasting blood glucose
level equal to or over 127 mg/dl, the diagnosis of hypertension was
made by a history of hypertension or a blood pressure of 130/85
mmHg or more at the examination (at least 2 times). The diagnosis
of ASCD was made by a previous history of myocardial infarction or
prior stent placement, previous coronary artery by-pass surgery, or
previous history of coronary angiography with plaques in coronary
artery lumen.7 The diagnosis of obesity was made by a body mass
index (BMI) (body weight (kg)/height2 (m2)) of 30 or greater.7-9 A
total cholesterol level of 200 mg/dl or higher was accepted to be
hypercholesterolemia, triglyceride level of 201 mg/dl or more to be

hypertriglyceridemia, LDL level of 150 mg/dl or more to be high
LDL, VLDL levels of 100 mg/dl or more to be high VLDL, and
HDL levels of 35 mg/dl or less to be low HDL. Vitamin B12 level
of 197 pg/ml was accepted to be hypovitaminosis B12. The
reference range for TSH was 0.27 uIU/ml – 4.20 uIU/ml, levels
below 0.27 uIU/ml were accepted to be hyperthyroidism, whereas
levels over 4.20 uIU/ml were accepted to be hypothyroidism. The
consumption of meat, chicken or fish was accepted to be positive if
it was consumed at least once a week. Smoking and alcohol use was
also asked. Subjects were divided as non-smokers and smokers (any
number of cigarettes smoked per day currently or in the past) as well
as nondrinkers or drinkers (any amount of alcohol intake currently
or in the past). 

Ophthalmic examination included measurement of visual
acuity by Snellen chart, biomicroscopy (portable slit-lamp, SL15,
Kowa, Japan) and fundus examination by direct ophthalmoscopy.
Fundus examination in subjects with a visual acuity of 0.8 or less or
in whom fundus could not be seen was completed by dilating the
pupil with one drop of tropicamide and one drop of phenylephrine
eye drops. Intraocular pressure was measured by tonopen (Tonopen
XL, Medtronic, USA) by the same examiner. As the tonopen is
internally calibrated, the instrument calibration was performed once
daily prior to instrument use and when it was indicated by the LCD
display according to the manufacturer instructions. After one drop
of topical anesthetic was applied onto the eye, the patient was seated,
and  the tip of the tonopen was covered by ocufilm. Subjects with
an IOP of 21 mmHg or more and/or with a cupping/disc ratio of 0.3
or more were told to come to the clinic for visual field analysis and
gonioscopy. Visual field analysis was performed by Humphrey visual
field analyser program SITA 24-2. Fixation losses, false-positive and
false negative response rates higher than 33% were determined to be
unreliable and the test was repeated. The subjects with a typical
glaucomatous visual field defect and an open anterior chamber angle
were diagnosed as POAG. Typical glaucomatous defect was
considered if at least 2 of the followings were present: 1 - three or
more nonedged points in a cluster depressed to p<5%, 1 of which is
depressed to p<1%; 2 - glaucoma hemifield test outside normal
limits; 3 - pattern standard deviation depressed to p<5%.10 The
effect of the risk factors listed above on POAG was evaluated. 

Statistical evaluation was performed by MedCalc statistical
program version 7.3 (Belgium). Mean age between male and female
subjects was evaluated by independent samples t-test. The affect of
the risk factors on ocular disease development was evaluated by chi-
square test and p-values <0.05 were determined to be statistically
significant. 

Results
Nine-hundred-and-ten (59.4%) subjects were female and 623

(40.6%) subjects were male. Mean age of all subjects was 53.35±9.8
years (40 – 90 years) which was 53.09±9.7 years in females and
53.73±9.9 years in males (p=0.21). Sex distribution did not differ
among age groups (p=0.80, chi-square test) (Table 1). Some of the
risk factors could not be evaluated in all subjects because the subjects
did not want to answer the questions, because of inadequate sera or
because the kits came to an end. 

Primary open-angle glaucoma was seen in 30 (2%) patients.
Five (0.8%) of the POAG subjects were in age group 1, 9 (1.7%)
were in age group 2, 6 (2.3%) were in age group 3, and 10 (8.0%)
were in age group 4 (Table 2). The prevalence of glaucoma increased
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significantly with age (p<0.001, chi-square test). Prevalence of
glaucoma was significantly higher in age group 4 compared to age
groups 1, 2, and 3 (p<0.001, p<0.001, p=0.009, respectively).
There was no significant difference between group 1 and group 2,
group 1 and group 3, group 2 and group 3 (p=0.200, p=0.069,
p=0.52). Thirteen of POAG subjects (43.3%) were female and 17
(56.7%) were male (p=0.11). Living in a rural area, hypertension,
DM, ASCD and obesity did not have an influence on the prevalence
of POAG (p=0.43, p=0.53, p=0.73, p=0.92, p=0.55, respectively)
(Table-3). Level of plasma cholesterol, VLDL, LDL, HDL, Vitamin
B12, and TSH had also no affect on the prevalence of POAG
(p=0.17, p=0.73, p=0.23, p=0.54, p=0.57, p=0.61, respectively)
(Table-4). Similarly, smoking, alcohol consumption and nutrition
had no influence on POAG (for smoking p=0.10, for alcohol
consumption p=0.23, for meat consumption p=0.88, for chicken
consumption p=0.43, for fish consumption p=0.73) (Table 5). 

Discussion
This study provides a population-based data about the

prevalence of POAG in Turkey. Prevalence of POAG in subjects

aged over 40 years was found to be 2% which is compatible with the
literature.1-4,11,12 The only associated risk factor was found to be
increasing age. Other systemic risk factors did not have a statistically
significant affect on POAG. It has been shown that several risk
factors can play an important role in the development of POAG.
Similarly with the results of our study, POAG has been shown to
increase significantly with age.11,13-16 The drawback of our study is
that we did not evaluate central corneal thickness and we did not
measure diurnal changes in IOP. So, some POAG subjects can have
been dismissed. Nevertheless, though diurnal fluctuation of greater
than 10 mmHg is suggestive of glaucoma, the impact of IOP
fluctuations on optic nerve still remains unknown.17 We used
tonopen during the study. It is known that Goldmann applanation
tonometer is the gold standard of IOP measurement and tonopen
can overestimate or underestimate measurements.18 In contrast,
Öztürk et al.19 have shown that IOP measurements with tonopen
were not affected by central corneal thickness and also they reported
similar measurement results with Goldmann applanation tonometer
and tonopen. 

Gender had no influence on POAG in our study. There are
conflicting reports about the effect of gender on glaucoma. Vijaya et
al.11,13,20 could find no association with gender, whereas other
studies reported POAG and ocular hypertension to be more frequent
in females.

Obesity and BMI did not have an influence on the development
of POAG. Primary open-angle glaucoma has been reported to be
significantly associated with high BMI.21 We could not find a
significant association between nutrition and POAG. We could not
find any study about the effect of meat, chicken or fish consumption
on POAG. 

Diabetes mellitus and hypertension did not have an influence on
the development of POAG. Though systemic hypertension is
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Tab le 4. The effect of serum lipid profile, Vitamin B12 and TSH level on
POAG

Systemic disease POAG (n)

- + p

Cholesterol Normal 884 22

(n=1533) High 619 0 0.17

VLDL Normal 1313 26

(n=1382) High 43 0 0.73

LDL Normal 1155 25

(n=1369) High 188 1 0.23

HDL Normal 988 17

(n=1384) Low 370 9 0.54

Triglyceride Normal 964 20

(n=1382) High 392 6 0.67

Vitamin B12 Normal 888 19

(n=1376) Low 462 7 0.92

TSH Normal 1242 25

(n=1377) Low 61 1 0.55

POAG: primary open-angle glaucoma; ASCD: atherosclerotic cardiac disease; VLDL:
very low-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol; HDL:
high-density lipoprotein cholesterol; TSH: thyroid-stimulating hormone; p=chi-square
test

Tab le 1. Sex distribution

Sex n (%)

40-49 50-59 60-69 70+ Total

years years years years

Female 371 (60.7)   312 (57.9) 152 (58.9) 75 (60.0)    910 (59.4) 

Male 240 (39.3) 227 (42.1) 106 (41.1) 50 (40.0) 623 (40.6)

Tab le 2. The distribution of subjects with glaucoma according to age group

Age group Glaucoma + Glaucoma – Total

n (%) n (%) n 

40 – 49 years 5 (0.8) 606 (99.2) 611

50 – 59 years 9 (1.7) 530 (98.3) 539

60 – 69 years 6 (2.3) 252 (97.7) 258

70+ 10 (8.0) 115 (92.0) 125

Tab le 3. The effect of living area and systemic diseases on POAG

Systemic disease POAG (n)

- + p

Living area Urban 787 13 0.43

(n=1533) Rural 1057 19
Hypertension - 1057 19 0.53

(n=1533) + 446 11
Diabetes mellitus      - 1263 24 0.73

(n=1533) + 240 6

ASCD - 1385 28 0.92

(n=1533) + 118 2

Obesity - 920 20 0.55

(n=1462) + 514 8

POAG: primary open-angle glaucoma; ASCD: atherosclerotic cardiac disease; p=chi-
square test



defined as a systolic blood pressure of 140 mmHg and a diastolic
blood pressure of 90 mmHg or more, we included subjects with a
systolic blood pressure of >130 mmHg and diastolic blood pressure
of 85 mmHg or more in the hypertensive group as cardiovascular
disease has been shown to be more frequent in these patients.9,22

Systemic hypertension and DM did not affect the development of
POAG in the study performed by Vijaya et al.20 In contrast, some
studies have shown that DM increased the risk of developing
POAG.21,23 Similarly, Pasquale et al.24 reported that POAG
increased with type 2 DM in women. Glaucoma patients have been
shown to have a lower diastolic blood pressure.12 No associations
with POAG were identified for total serum cholesterol, triglycerides
and LDL, VLDL and HDL. Newman-Casey et al.23 showed that
hyperlipidemia alone decreased the risk of POAG, whereas comorbid
hyperlipidemia with hypertension or DM increased the risk of
POAG. Plasma Vitamin B12 level did not influence the
development of POAG in our study. Similarly, Cumurcu et al.25

could detect no difference in serum Vitamin B12 levels in POAG
subjects. Though we could not detect an association between plasma
TSH level and POAG, we could not find a study evaluating the
correlation between plasma TSH level and POAG in the literature.

The prevalence of POAG in subjects living in urban areas or
rural areas did not change in our study. In contrast to our study, the
prevalence of POAG has been reported to be higher in urban
population.11,16

Recently, Wise et al21 reported that smoking might be
associated with increased risk of early-onset POAG. In contrast to
this, Buys et al.26 showed that smoking decreased the risk of open-
angle glaucoma. In our study, no association was found between
smoking, alcohol consumption and POAG. Alcohol consumption
has been reported to be an independent risk factor for POAG.21 In
our study, smoking and alcohol consumption did not have an
influence on the development of POAG. 

In summary, this study provides the prevalence rate and risk
factors for POAG in Western Turkey. Additional studies are
required to incorporate these findings into future investigations for
interpretation and prevention of risk factors for POAG in Turkey.  

Acknowledgement
This study was supported by Afyon Kocatepe University,

Scientific Research Project Department, Turkey. 

References 
1. Klein BEK, Klein R, Sponsel WE, et al. Prevalence of glaucoma.

Ophthalmology. 1992;99:1499-501. 
2. Foster PJ, Baasanhu J, Alsbirk PH, Munkhbayar D, Uranchimeg D, Johnson

GJ. Glaucoma in Mongolia. Arch Ophthalmol. 1996;114:1235-41. 
3. Ekström C. Prevalence of open-angle glaucoma in central Sweden. Acta

Ophthalmol Scand. 1996;74:107-12. 
4. Mitchell P, Smith W, Attebo K, Healey PR. Prevalence of open-angle

glaucoma in Australia. Ophthalmology. 1996;103:1661-9. 
5. Ponte F, Giuffre G, Giammanco R, Dardanoni G. Risk factors of ocular

hypertension and glaucoma. Doc Ophthalmol. 1994;85:203-210. 
6. Klein BE, Klein R, Ritter LL. Relationship of drinking alcohol and smoking

to prevalence of open-angle glaucoma. Ophthalmology. 1993;100:1609-13. 
7. Sözbilir H, Cekirdekci A, Toprak D. [Materials and Methods]. Afyonkarahisar

ili saglik taramasi. 1. Baskı. Ankara: Uyum Ajans; 2006. P.15-25. 
8. Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired fasting glucose and

impaired glucose tolerance: implications for care. Diabetes Care.
2007;30:753-9. 

9. Vasan RS, Larson MG, Leip EP, et al. Impact of highnormal blood pressure on
the risk of cardiovascular disease. N Engl J Med. 2001;345:1291-7.

10. Anderson DR, Patella VM. Automated static perimetry. 2nd ed. St Louis:
Mosby; 1999;121-136. 

11. Cheng JW, Cheng SW, Ma XY, Cai JP, Li Y, Wei RL. The Prevalence of
Primary Glaucoma in Mainland China: A Systematic Review and Meta-
analysis. J Glaucoma. 2013;22:301-6.

12. Ishikawa M, Sawada Y, Sato N, Yoshitomi T. Risk factors for primary open-
angle glaucoma in Japanese subjects attending community health screenings.
Clin Ophthalmol. 2011;5:1531-7. 

13. Klein BE, Klein R, Lee KE. Heritability of risk factors for primary open angle
glaucoma: The Beaver Dam Eye Study. Invest Ophthalmol Vis Sci. 2004;
45:59-62. 

14. Vijaya L, George R, Baskaran M, et al. Prevalence of primary open-angle
glaucoma in an urban south Indian population and comparison with a rural
population. The Chennai Glaucoma Study. Ophthalmology. 2008;115:648-
54. 

15. Cheung N, Wong TY. Obesity and eye diseases. Surv Ophthalmol.
2007;52:180-95. 

16. Garudadri C, Senthil S, Khanna RC, Sannapaneni K, Rao HB. Prevalence and
risk factors for primary glaucomas in adult urban and rural populations in the
Andhra Pradesh Eye Disease Study. Ophthalmology. 2010;117:1352-9. 

17. American Academy of Ophthalmology. Intraocular Pressure and aqueous
humor dynamics. In: Cioffy GA, ed. Basic and Clinical Science Course. Section
10: Glaucoma. San Francisco: American Academy of Ophthalmology. 2011-
2012:17-32. 

18. Kim NR, Kim CY, Kim H, Seong GJ, Lee ES. Comparison of goldmann
applanation tonometer, noncontact tonometer, and TonoPen XL for
intraocular pressure measurement in different types of glaucomatous, ocular
hypertensive, and normal eyes. Curr Eye Res. 2011;36:295-300. 

19. Öztürk F, Küsbeci T, Yavaş G, Ermiş SS, Kaplan Ü, İnan ÜÜ. Pascal dinamik
kontur tonometre ile ölçülen göz içi basınç değerlerinin Goldmann
aplanasyon tonometresi, non kontakt tonometre ve tonopen ile
karşılaştırılması ve santral kornea kalınlığının etkisi. Glo-Kat. 2006;1:171-5.

20. Vijaya L, George R, Paul PG, et al. Prevalence of open-angle glaucoma in a
rural south Indian population. Invest Ophthalmol Vis Sci 2005;46:4461-7. 

21. Wise LA, Rosenberg L, Radin RG, et al. A prospective study of diabetes,
lifestyle factors, and glaucoma among African-American women. Ann
Epidemiol. 2011;21:430-9. 

22. Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the Joint
National Committee on prevention, detection, evaluation, and treatment of
high blood pressure: The JNC 7 report. JAMA. 2003;289:2560-2572.  

23. Newman-Casey PA, Talwar N, Nan B, Musch DC, Stein JD. The relationship
between components of metabolic syndrome and open-angle glaucoma.
Ophthalmology. 2011;118:1318-26.

24. Pasquale LR, Kang JH, Manson JE, Willett WC, Rosner BA, Hankinson SE.
Prospective study of type 2 diabetes mellitus and risk of primary open-angle
glaucoma in women. Ophthalmology. 2006;113:1081-6. 

25. Cumurcu T, Sahin S, Aydin E. Serum homocysteine, vitamin B 12 and folic
acid levels in different types of glaucoma. BMC Ophthalmol. 2006;23:6.

26. Buys YM, Harasymowycz P, Gaspo R, et al. Comparison of newly diagnosed
ocular hypertension and open-angle glaucoma: ocular variables, risk factors, and
disease severity. J Ophthalmol. 2012;2012:757106.

90

TJO 43; 2: 2013

Tab le 5. Effect of diet on POAG

Systemic disease POAG (n)

- + p

Smoking - 807 11

(n=1533) + 696 19 0.10

Alcohol - 1381 26

(n=1502) + 91 4 0.23

Meat - 1031 22

(n=1182) + 126 3 0.88

Chicken - 1114 23

(n=1349) + 210 2 0.43

Fish - 1039 26

(n=1148) + 82 1 0.73

POAG: primary open-angle glaucoma, p=chi-square test


