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ABSTRACT
Aim: Main the goal of the research is to analyze the occurrence of glaucoma in patients with diabetes mellitus type 1 (DM type 1) and 
diabetes mellitus type 2 (DM type 2). Patients and methods: The study involved 140 patients, 34 with DM type 1 and 106 with DM 
type2. In relation to the type of glaucoma to the patients are divided into two groups: Primary and Secondary glaucoma. According to the 
stage of diabetic retinopathy (DR) patients were analyzed in three groups: non-proliferative, preproliferative and proliferative DR. Since 
ophthalmological parameters were analyzed: best corrected visual acuity (BCVA), intraocular pressure (IOP), visual field (VF) of com-
puterized perimetry, excavatio optic nerve (E/D) by optic coherent tomography (OCT). Results: Applying the test of quotient chance 
found that subjects with DM type 1 have a 5.94 times greater chance of developing secondary glaucoma, but is of primary (P <0.0001). 
In patients with DM type 2, where the chance of getting the subjects of secondary glaucoma 4.43 times larger than that of the primary (P 
= 0.0002). Conclusion: Patients with DM type have great chance of developing secondary glaucoma of the primary. Primary glaucoma 
more common in NPDR but secondary glaucoma more common in PDR.
Key words: Diabetes mellitus (DM), diabetic retinopathy (DR), primary and secondary glaucoma (Gl) Introduction

1. INTRODUCTION
Diabetes mellitus is the metabolic disease of carbohy-

drates, fats and proteins, which is caused by reduced se-
cretion or insulin resistance. It differs Diabetes mellitus 
type 1 (type 1 DM) and Diabetes mellitus type 2 (type 2 
DM). Basically type 1 DM is an autoimmune process that 
destroys the islets of Langerhans, in genetically suscep-
tible individuals. According to recent studies infection 
enteroviruses is a precipitating factor for developing the 
disease (1). A 2011 report from the US Centers for Disease 
Control and Prevention (CDC) estimated that approxi-
mately 1 million Americans have type 1 DM . Type 1 DM 
is the most common metabolic disease of childhood. Ev-
ery 400-600 children and adolescents has type 1 DM (2).

Type 2 diabetes mellitus consists of an array of dys-
functions characterized by hyperglycemia and resulting 
from the combination of resistance to insulin action, in-
adequate insulin secretion, and excessive or inappropri-
ate glucagon secretion. In an update to its 2008 diabetes 
screening guidelines, the US Preventive Services Task 
Force (USPSTF) has issued draft guidelines recommend-
ing that all adults aged 45 or older be screened for abnor-
mal glucose and type 2 diabetes. The new guidelines also 

recommend screening in younger adults with risk fac-
tors, including those with overweight or obesity or with a 
first-degree relative with diabetes, as well as women with 
a history of gestational diabetes or polycystic ovarian (3-
11). Hyperglycemia-inducing damage to the endotheli-
um of blood vessels, ischemia horioretine and significant 
changes in it with clinical signs: microaneurysms, dot 
and blot hemorrhages, flame shaped hemorrhages, reti-
nal edema and hard exudates, cotton-wool spots, venous 
beading, intraretinal microvascular abnormalities, mac-
ular edema, preretinal hemorrhages, neovascularization, 
hemorrhage into the vitreous, fibrovascular tissue prolif-
eration, traction retinal detachments. Classified as non-
proliferative diabetic retinopathy (NPDR), Perpoliferative 
diabetic retinopathy (PreDR)) and Proliferative diabetic 
retinopathy (PDR). Approximately 700,000 persons in the 
United States have proliferative diabetic retinopathy, with 
an annual incidence of 65,000. A recent estimate of the 
prevalence of diabetic retinopathy in the United States 
showed a high prevalence of 28.5% among those with dia-
betes aged 40 years and older (12).

In diabetic eye may develop primary glaucoma (open or 
closed chamber angle), ocular hypertension and second-
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ary glaucoma (uveal, post-traumatic, neovascular, post-
operative, iatrogenic, phakic, at intabulbarnih tumor). 
Primary Open-angleglaucom (POAG) is a multifactorial 
disease characterized by progressive retinal ganglion cell 
death and visual field loss. Focal and systemic vascular ab-
normalities have also been well documented in diabetic 
patients. The relationship between diabetes mellitus and 
POAG remains enigmatic in the literature. Although cur-
rent studies support the role of vascular contributions to 
both diseases, the association between glaucoma and di-
abetes yields contrasting results (5). Although there are 
some hints for a correlation between diabetes and pri-
mary open angle glaucoma (POAG), it remains unclear 
in which way diabetes influences eye pressure (IOP) and 
glaucoma. Despite this, the main reason for neovascular 
glaucoma in diabetes is proven to be retinal ischemia due 
to diabetic vessel damage. Primary open angle glaucoma 
is more frequent than neovascular glaucoma, but neovas-
cular glaucoma is very aggressive and difficult to treat (6).

The main purpose of the research is to analyze the oc-
currence of glaucoma in patients with diabetes mellitus 
type 1 (DM type 1) and diabetes mellitus type 2 (DM type 
2).

2. PATIENTS AND METHODS
The research was conducted at the Eye Clinic , Clinical 

University Center Sarajevo in the period May 2012 - 2014. 
A prospective study included 140 patients with diabetes 
mellitus of that 34 patients had DM type 1 and 106 pa-
tients with DM type 2. In the study included patients in-
sulin dependent and patients on oral antidiabetic. The pa-
tients according to the type of glaucoma (GL) divided into 
two groups: Primary and Secondary glaucoma. According 
to the stage of diabetic retinopathy patients were ana-
lyzed in three groups (non-proliferative, preprolifertive, 
proliferative) diabetic retinopathy. Since ophthalmologi-
cal parameters were analyzed: best corrected visual acuity 
(BCVA), intraocular pressure (IOP), visual field (VF) of 
computerized perimetry, excavatio optic nerve (E/D) by 
optic coherent tomography (OCT). In addition ophthal-
mology examination is implied binocular slit-lamp direct 
and indirect ophthalmoscopes and gonioscopy. 

3. RESULTS
DM type 2 was predominant in male and female. There 

is statistically significant difference in the age structure of 
respondents with diabetes type 1 and type 2.

Gender Male Female

DM type 1 21 13

DM type 2 57 49

Number of patients 78 62

Total 140

Χ2=0,666; p=0,414

Table 1. Gender structure of the sample 

By using chi-square test was not statistically significant 
difference in gender structure of respondents in relation 
to the type of DM. Type 2 DM was more frequent in both 
sexes.

The analysis of the age structure of the respondents 
found that there is a statistically significant difference in 
the age structure of respondents with DM type 1 and DM 
type 2.

Applying the test quotient chances (odds ratio) found 
that subjects with DM type 1 have 5.94 times higher 
chance to have secondary glaucoma than the primary. 
Similar results were obtained in patients with diabetes 
type 2, and the chance to have a secondary glaucoma 4.43 
times higher than primary glaucoma. The analysis of visu-

al acuity patients studied groups was no significant differ-
ence in the number of respondents in relation to the cat-
egory of visual acuity. Most of the respondents had IOP 
<20mmHg. OCT findings in the total sample.

4. DISCUSSION
A sample of 140 patients, 34 patients with DM type 1 

and 106 patients with DM type 2. The Poland epidemi-
ologic study aimed to analyze the changes in incidence 
rates of DM type among children ages 0-14 years from 
1989 to 2012 in this region. The overall incidence rate in-
creased 3.8 times, confirm that Poland currently has one 
of the highest incidence rates of pediatric DM type 1 in 
Europe (9). A 2011. Centers for Disease Control and Pre-
vention (CDC) report estimated that nearly 26 million 
Americans have diabetes. Additionally, an estimated 79 
million Americans have prediabetes. In 2014, the CDC 

Age struc-
ture 14-25 26 -35 36 

-45 46 -55 56 -65 66-75 Total

DM type 1 N 3 4 12 5 7 34

% 8.82 11.76 35.29 14.71 20.59 8.82 100.00

DM type 2 N 0 0 14 40 29 23 106

% 0.00 0.00 13.21 37.74 27.36 21.70 100.00

Number of 
patients 3 4 19 52 36 26 140

X2=27,134; p=0,001

Table 2. Age structure of the sample

DR
number of 
cases

Primary glau-
coma number 
of cases

Secondary glau-
coma number of 
cases

Absence DR, 
GL 16 52 27

NPDR 11 4 0

PreDR 14 12 15

PDR 27 0 24

Total 68 68 68

Table 3. The frequencies of the Primary and Secondary glaucoma 
in various stages of DR in patients with type 1 DM

DR
number of 
cases

Primary glauco-
ma number of 
cases

Secondary glau-
coma number of 
cases

Absence 
DR,GL 22 193 172

NPDR 40 12 0

PreDR 61 7 13

PDR 89 0 27

Total 212 212 212

Table 4. The frequencies of the Primary and Secondary glaucoma 
in various stages of DR in patients with type 2 DM
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reported that about 40% of US adults will develop diabe-
tes, primarily type 2, in their lifetime. The central reason 
for the increase is obesity (11, 12). Table 1. shows the re-
sults of the gender structure of the sample. By using chi-
square test we had not statistically significant difference 

(X2 = 0.666, p = 0.414) in the gender structure of the re-
spondents in relation to the DM type. DM type was more 
frequent in both sexes. Schmidl D. et al. amount that al-
though little data is available, estrogen, progesterone and 
testosterone are most likely important regulators of blood 
flow in the retina and choroid, because they are key reg-
ulators of vascular tone in other organs. Estrogen seems 
to play a protective role since it decreases vascular resis-
tance in large ocular vessels. Some studies indicate that 
hormone therapy is beneficial for ocular vascular disease 
in post-menopausal women (13). DM type 1 was most 
common in the age group of 36-45 years, and DM type 
2 in the age group of 46-55 years (Table 2). Chi square 
test was found statistically significant difference - ss (Χ2 = 
27.134, p = 0.001) between the analyzed groups. The CDC 
estimated that in 2010 year, 79 million Americans aged 
20 years or older had prediabetes - 35% and 50% of those 
aged 65 years or older (11, 12). The patient with DM type 
1 NPDR developed in 11 eyes, PreDR in 14 eyes, and PDR 
in 27 eyes. In this groups we had a primary glaucoma in 
4 cases in the context of NPDR, and 12 eyes with PreDR, 
secondary glaucoma we had in 15 eyes with PreDR and 24 
eyes with PDR (Table 3). In patients with DM type, NPDR 
developed at 40 eyes, PreDR at 61 and PDR in 89 eyes. Pri-
mary glaucoma is registered in 12 eyes with NPDR, and 
7 eyes with PreDR and Secondary glaucoma was found 
in 13 eyes with PreDR and 27 cases in the PDR (Table 4).

DM

Number of 
eyes in the 
sample

Primary 
glaucoma

Secundary 
glaucoma

The eyes with 
glaucoma

broj % broj % broj % broj %

Type         1  68 
24.3 DM

16 5,7 39 13,9 55 
19,6

Type         2  212 
75.7 DM

19 6,7 40 14,2 59 21

Total         280 100

Type 1 DM

Odds ratio 5.9414

95% CI 2.6091 to 
13.5295

Z statistic 4.244

Significance level P < 0.0001

Type 2 DM

Odds ratio 4.4321

95% CI 2.0474 to 
9.5945

Z statistic 3.779

Significance level P = 0.0002

Table 5. The frequency of different types of glaucoma in the total 
sample tested

VO patients 0,1-03 0,4-0,6 0,7-0,9 1,0
Number 73 82 69 56

% 26 29 24 20

X2=5; p=0,171

Table 6. Best corrected visual acuity patients

IOP <=20 mmHg 21 – 22 mmHg >22 mmHg

Number 166 8 106

% 59,2 2,8 37,8

X2=135,08; p=0,001

Table 7. Intraocular pressure (IOP) patients in the total sample

Cup/ Disk Area Ratio < 0,3 0,4 – 0,5 >0,5

n % n % n %

Total 158 56,4 39 13,92 83 29,6

Table 8. The excavatio of the optic nerve, on the basis of objective 
indicators Cup/Disc Area Ratio 

Scotomas 
visual 
field

Centrocecal 
scotoma

Paracentral 
scotoma

Diffuse 
sensitiv-
ity

de-
pres-
sion 

Normal find-
ings of the 
visual field

Total n         % n      % n % N     %

280 32     11,42 41     14,6 83 29,6 124    44,2

Table 9. Results of computerized perimetry patients total sample 

Cup/ Disk Area Ratio < 0,3 0,4 – 0,5 >0,5
n % n % n %

Total 158 56,4 39 13,92 83 29,6

Figure 1. - 2. The excavatio of the optic nerve -  Cup/Disc Area Ratio OCT findings 

Table 9. Results of computerized perimetry patients total sample 

Scotomas of
visual field

Centrocecal
scotoma

Paracentral
scotoma

Diffuse depression of
sensitivity

Normal findings 
of the visual field

Total n % n % n % N %
280 32 11,42 41 14,6 83 29,6 124 44,2

Discussion

A sample of 140 patients, 34 patients with DM type 1 and 106 patients with DM type 2. The 
Poland epidemiologic study aimed to analyze the changes in incidence rates of DM type among 
children ages 0-14 years from 1989. to 2012. in this region. The overall incidence rate increased 3.8 
times, confirm that Poland currently has one of the highest incidence rates of pediatric DM type 1 in 
Europe.(9) A 2011. Centers for Disease Control and Prevention (CDC) report estimated that nearly 26 
million Americans have diabetes. Additionally, an estimated 79 million Americans have prediabetes.
In 2014, the CDC reported that about 40% of US adults will develop diabetes, primarily type 2, in 
their lifetime. The central reason for the increase is obesity.(11,12)

Table 1. shows the results of the gender structure of the sample. By using chi-square test we had not 
statistically significant difference (X2 = 0.666, p = 0.414) in the gender structure of the respondents in 
relation to the DM type. DM type was more frequent in both sexes. Schmidl D. et al. amount that 
although little data is available, estrogen, progesterone and testosterone are most likely important 
regulators of blood flow in the retina and choroid, because they are key regulators of vascular tone in 
other organs. Estrogen seems to play a protective role since it decreases vascular resistance in large 
ocular vessels. Some studies indicate that hormone therapy is beneficial for ocular vascular disease in 
post-menopausal women.(13)

Figure 1. - 2. The excavatio of the optic nerve -  Cup/Disc Area Ratio OCT findings 
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Primary glaucoma is more common answer at non-
proliferetive diabetic retinopathy, while the secondary 
glaucoma more common in poliferative diabetic reti-
nopathy (Table 3 and 4). Cruz-Ingo Y et.al. suggest that 
Puerto Rico patients between 40 to 79 years of age with 
diabetic retinopathy have an increased risk of developing 
open-angle glaucoma with each subsequent decade (8). 
Klemm M, Gesser C. In his article communicated that 
Primary open angle glaucoma is more frequent than neo-
vascular glaucoma, but neovascular glaucoma is very ag-
gressive and difficult to treated (6, 8). Applying the test of 
refraction chances (odds ratio) found that subjects with 
DM type 1 have a 5.94 times greater chance of develop-
ing secondary glaucoma, but is of primary (P <0.0001). 
Similar results were obtained in patients with DM type 
2, where the chance of getting the subjects of secondary 
glaucoma 4.43 times larger than that of the primary (P = 
0.0002) (Table 5).

Apreutesei NA et al. in the study „Glaucoma evolution 
in patients with diabetes“, the presence that of non-pro-
liferative diabetic retinopathy influenced (only margin-
ally statistically) the glaucomatous disease progression 
(14). Noma H. et.al. amounts that was also a significant 
correlation between the vitreous levels of sVEGFR-1 and 
sVEGFR-2. These results suggest that the vitreous levels 
of sVEGFR-1 and sVEGFR-2 are dependent on VEGF in 
patients who have iris neovascularisatio (INV) with or 
without neovascular glaucoma(NVG) (15).

In patients with DM type 1 , no clinically significant ret-
inopathy can be seen in the first 5 years after the initial di-
agnosis of diabetes is made. After 10-15 years, 25-50% of 
patients show some signs of retinopathy. This prevalence 
increases to 75-95% after 15 years and approaches 100% 
after 30 years of diabetes. Proliferative diabetic retinopa-
thy (PDR) is rare within the first decade of DM type 1 di-
agnosis but increases to 14-17% by 15 years, rising steadi-
ly thereafter. In patients with DM type 2, the incidence of 
diabetic retinopathy increases with the disease duration. 
Of patients with type 2 diabetes, 23% have nonprolifera-
tive diabetic retinopathy (NPDR) after 11-13 years, 41% 
have NPDR after 14-16 years, and 60% have NPDR after 
16 years (16). As part of a complete ophthalmological ex-
amination is followed by visual acuity patients, who are 
the VO divided into four groups. There were no statisti-
cally significant (ss) in the number of respondents by cate-
gory VO (Table 6). Were analyzed and values of IOP in the 
total sample. IOP was usually below 20 mmHg, which was 
statistically significant (Χ2 = 135.08, p = 0.001) (Table 7). 

We analyzed excavatio of the optic nerve, on the basis 
of objective indicators Cup/Disc Area Ratio. OCT finding 
in the total sample recorded 29.6% of cases with the ex-
cavation of the optic nerve greater than 0.5, and in 13.9% 
of cases had the excavation of 0.4-0.5. These data indicate 
a significant damage of the optic nerve in patients with 
DM for DR and GL (Table 8). Results of computer perim-
etry point to falling sensibilities in 29.6% of patients, the 
occurrence of paracentral scotoma 14.6% and 11.42% pa-
tients had centrocecal scotoma. These findings also point 
to the obvious damaged visual field in patients with DM, 
DR IGL (Table 9).

5. CONCLUSION
The analysis of changes in the eye in 140 patients with 

diabetes mellitus, we conclude that there was no statisti-
cally significant difference in relation to the sex of respon-
dents. DM type 1 was the most common in the age group 
of 36-45 years, and DM type 2 in the age group of 46-55 
years. Primary glaucoma was more common in NPDR and 
secondary glaucoma occurs more frequently in the PDR. 
Applying the test of quotient chance (odds ratio) found 
that subjects with DM type 1 have a 5.94 times greater 
chance of developing secondary glaucoma, but is of pri-
mary. Similar results were obtained in patients with DM 
type 2 where the chance of getting the subjects of second-
ary glaucoma 4.43 times larger than that of the primary.
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