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ABSTRACT 

Aim To evaluate correlation of atherogenic risk factors between 
patients with retinal artery occlusion (RAO) and matched popula-
tion, including those with central RAO and branch RAO.

Methods Seventy-two  participants from 2 groups were evaluated: 
a group with diagnosed RAO (first group; 45 participants) and a 
matched control group including those without RAO or any other 
ophthalmological disease (second group; 27 participants). From 
those with diagnosed RAO patients with central RAO and patients 
with branch RAO were evaluated separately. Additional parame-
ters that were observed included body mass index (BMI), blood 
pressure, fasting glucose levels, triglycerides, LDL and HDL 
cholesterol fractions levels, presence of metabolic syndrome and 
hyperlipoproteinemia. 

Results There was a significant increase of LDL mean values in 
the group of patients with RAO. Hypertension (88.9%), hyperli-
poproteinemia (68.9%) and metabolic syndrome (53.3%) were 
significantly more frequent in patients with RAO, while gender 
and diabetes mellitus were not in direct correlation with the deve-
lopment of RAO. The group of patients with RAO had no signifi-
cantly higher values of BMI compared to the control. High density 
lipoprotein fraction was significantly higher in the group of pati-
ents with central RAO as compared with those with branch RAO.

Conclusion Patients with atherogenic risk factors are more prone 
to the development of RAO. Furthermore, we demonstrated that 
HDL had more protective effects on smaller blood vessels (branch 
retinal artery) than on larger blood vessels (central retinal artery).
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INTRODuCTION

Retinal artery occlusion (RAO) presents with 
severe loss of vision and is associated with risk 
factors that include: hyperlipidemia, diabetes 
mellitus and arterial hypertension (1,2). On the 
other side, it is postulated that to a certain extent 
RAO could increase a risk of stroke (3). Patients 
presenting with RAO usually have one or more 
vascular risk factors. Since there is a high risk of 
secondary ischemic events, it is necessary to mo-
dify the influence or exposure to these risk factors 
(4). As RAO could be associated with sudden and 
massive visual loss, evaluation of proatherogenic 
risk factors is of great importance (2,5,6). 
Metabolic syndrome, as a clustering of atherosc-
lerotic metabolic abnormalities characterized 
by insulin resistance, visceral adiposity, high 
triglyceride, and low high  density lipoprotein 
(HDL), may be associated with RAO and cause 
visual loss and blindness (1,7). 
The aim of this study was to evaluate a correla-
tion of atherogenic risk factors between patients 
with RAO and matched population, and to evalu-
ate such a correlation between patients with cen-
tral RAO (CRAO) and those with branch RAO 
(BRAO).

PATIENTS AND METhODS

In the prospective clinical study 72 participants 
were evaluated during the period of 4 years (from 
2008-2011). The study was conducted in accor-
dance with Good Clinical Practice and followed 
the guidelines of the Declaration of Helsinki. 
Prior to the inclusion in the study patients were 
informed about the study protocol and informed 
consents were obtained. 
Patients were divided into 2 groups: a group with 
diagnosed retinal artery or branch artery occlusi-
on (RAO) (first group) and matched population 
including those without RAO or any other opht-
halmological condition (second group). Accor-
ding to the anatomic location of the occlusion, 
the patients were divided into two groups: gro-
up with central RAO (CRAO) and group with 
branch RAO (BRAO). Thr first group included 
45 participants examined and treated at the Insti-
tute for Eye Diseases, Clinical Center of Serbia 
in Belgrade, while the second group included 27 
adults who were matched control subjects with 

respect to the age and gender. The body mass in-
dex (BMI) was measured by calculation of height 
and weight in triplicate, while blood pressure was 
measured after 5 minutes of rest. Blood samples 
were collected after 12 hours of overnight fasting. 
As one of the important risk factors for the deve-
lopment of atherosclerosis and therefore occlusi-
on of retinal artery, lipid fractions were analyzed 
separately. Fasting glucose levels, triglycerides, 
LDL and HDL cholesterol levels were measured 
and calculated using the Friedewald formula (8). 
The metabolic syndrome was defined as the pre-
sence of three or more of the following abnorma-
lities (according to The NCEP/ATP III, National 
Cholesterol Education Program and Adult Trea-
tment Panel III): waist circumference ≥102 cm in 
males and ≥88 cm in females, fasting glucose le-
vels ≥110 mg/dL (6.1mmol/L), triglyceride levels 
≥150 mg/dL (1.69mmol/L), HDL levels <40 mg/
dL(1.04 mmol/L) in males and <50 mg/dL(1.29 
mmol/L) in females and blood pressure ≥130/85 
mmHg (9). Hypertension was defined as systolic 
and diastolic blood pressure values equal or above 
95th percentile for gender, height and age (10).
The diagnosis of RAO was established without 
angiography, on the basis of typical clinical fin-
dings. Therefore, for the diagnosis of central re-
tinal artery occlusion (CRAO) or branch retinal 
artery occlusion (BRAO) an abrupt visual loss 
accompanied by one or more of the following 
signs was evaluated as observed by slit-lamp bi-
omicroscopy with a 90 diopter or 78 diopter lens: 
sluggish, thinned retinal artery flow, fragmentati-
on of the blood column in retinal arterioles, reti-
nal opacification combined with sluggish retinal 
blood flow, and the presence of a cherry-red spot 
(2). Fluorescein angiography was performed in 
patients during the first hours of the occlusion, 
when retinal edema had not been particularly 
marked yet. For all patients color fundus pho-
tographs were taken. Further fluorescein angio-
graphy was performed in cases when vision was 
better than clinical findings, implicating speared 
cilioretinal artery. Visual acuity tests by Snellen 
chart were performed (11). At the initial visit, all 
patients were questioned and screened regarding 
systemic and ocular signs as well as symptoms 
of giant cell arteritis. To exclude giant cell arte-
ritis, patients underwent ophthalmic examination 
and erythrocyte sedimentation rate (Westergren), 
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fibrinogen and C-reactive protein evaluations. 
Patients with a high index of suspicion for giant 
cell arteritis were included in the treatment with 
systemic corticosteroid therapy and had tempo-
ral artery biopsy performed as soon as possible. 
These patents were excluded from the study. 
Mean values with standard deviation (SD) to 
present age structure, Waist circumference, BMI, 
LDL and HDL were used. To present a proporti-
on of males, participants with hypertension, DM, 
HLP and MS we used percents. A comparison of 
mean values between matched population and 
group with RAO and comparison between the 
group of patients with CRAO and the group with 
BRAO was done by student’s t test, while com-
parison of percents between observed groups was 
done by chi squared test. Statistical significance 
was defined as p<0.05. 

RESuLTS

There was a significant increase of mean values 
of LDL (3.9±1.2 mmol/L, p<0.01) in the group 
of patients with RAO (Table 1). In our study, 
even though waist circumference (93.0±9.9 cm, 
p>0.05) and BMI (26.1±4.3 kg/m2, p>0.05) was 
higher a level of statistical difference has not 
been shown (Table 1). Also, we showed that the 
age of participants was not in direct correlation 
with the development of RAO. 

There were 25 (55.6%) patients with CRAO and 20 
(44.4%) patients with diagnosed BRAO (Table 3).

Observed parameters
Matched 

population
(Mean±SD)

Group with 
RAO

(Mean±SD)
p

Age (years) 62.3±10.6 60.7±12.9 >0.05
Waist circumference (cm) 91.0±4.0 93.0±9.9 >0.05
BMI (kg/m2) 24.8±2.9 26.1±4.3 >0.05
Triglycerides (mmol/L) 1.9±0.9 1.9±1.1 >0.05
LDL (mmol/L) 3.0±0.9 3.9±1.2 <0.01
HDL (mmol/L) 1.2±0.3 1.3±0.3 >0.05

Table 1. Risk factors mean values in evaluated groups of 
participants

RAO, retinal artery occlusion; SD, standard deviation; BMI, body 
mass index; LDL, low density lipoprotein; HDL, high density 
lipoprotein

Observed parameters
Matched 

population
N=27 (%)

Group with 
RAO

N=45 (%)
p

Male gender 14 (52.0) 25 (55.6) >0.05
Hypertension 12 (44.4) 40 (88.9) <0.01
Diabetes Mellitus 4 (14.8) 8 (17.8) >0.05
Hyperlipoproteinemia 12 (44.4) 31 (68.9) <0.05
Metabolic syndrome 7 (25.9) 24 (53.3) <0.05

Table 2. Proportion of risk factors in evaluated groups of 
participants

RAO, retinal artery occlusion

Observed parameters
Group with 

CRAO
(Mean±SD)

Group with 
BRAO

(Mean±SD)
p

Age (years) 61.3±13.1 60.4±12.6 >0.05
Waist circumference (cm) 93.4±10.2 92.8±9.6 >0.05
BMI (kg/m2) 26.4±4.2 25.9±4.4 >0.05
Triglycerides (mmol/L) 1.8±1.1 2.0±1.1 >0.05
LDL (mmol/L) 3.8±1.2 4.1±1.3 >0.05
HDL (mmol/L) 1.4±0.1 1.2±0.3 <0.01

Table 3. Risk factors mean values in group of patients with 
retinal artery occlusion (RAO)

CRAO, central retinal artery occlusion; BRAO, branch retinal artery 
occlusion; SD, standard deviation; BMI, body mass index; LDL, low 
density lipoprotein; HDL, high density lipoprotein

Observed parameters
Group with 

CRAO
N= 25 (%)

Group with 
BRAO

N=20 (%)
p

Male gender 14 (56.0) 11 (55.0) >0.05
Hypertension 22 (88.0) 18 (90.0) >0.05
Diabetes Mellitus 5 (20.0) 3 (15.0) >0.05
Hyperlipoproteinemia 18 (72.0) 13 (65.0) >0.05
Metabolic syndrome 14 (56.0) 10 (50.0) >0.05

Table 4. Proportion of risk factors in the group of patients with 
retinal artery occlusion (RAO)

CRAO, central retinal artery occlusion; BRAO, branch retinal artery 
occlusion

Hypertension (88.9%, p<0.01), hyperlipoprote-
inemia (68.9, p<0.05) and metabolic syndrome 
(53.3%, p<0.05) were significantly more frequ-
ent in patients with RAO, while gender (55.6%, 
p>0.05) and diabetes mellitus (17.8%, p>0.05) 
were not in direct correlation with the develo-
pment of RAO (Table 2). It was presented that 
most frequent risk factor for RAO was hyperten-
sion, making the proportion of 88.9% of patients 
with RAO in our study (Table 2). 

Regarding the type of affected RAO (CRAO ver-
sus BRAO) no significant differences for the eva-
luated parameters were found except for HDL 
cholesterol fraction values, where it was noticed 
that lower values of HDL were significantly more 
associated with BRAO  (HDL=1.2±0.3, p<0.01) 
rather than with CRAO (Table 3). Even though 
there were no significant differences between the 
group of patients with CRAO and the group of in-
dividuals with BRAO, more frequently negative li-
pid profile (increased triglycerides and LDL levels) 
and hypertension were noticed in patients with 
BRAO potentially indicating that such parameters 
affect BRAO earlier than CRAO. Contrary to these 
observations, it was noticed that individuals with 
CRAO were more frequently diagnosed, even tho-
ugh without statistical significance, with diabetes 
mellitus (20.0%), hyperlipoproteinemia (72.0%) 
and metabolic syndrome (56.0%) (Table 4). 
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DISCuSSION

Cardiovascular risk factors and certain systemic 
diseases are usually associated with the retinal 
vascular occlusions (RVO) (12). More than a 
century ago, Marcus Gunn came to the conclusi-
on in his study that retinal vasculature provided 
information of tissue damage related to hyper-
tension (13). In the work of Babikian et al, it is 
described that identified risk factors for ocular 
vascular events are arterial hypertension, hyperli-
pidemia, diabetes mellitus, past or present history 
of smoking and coronary artery disease (14). In a 
10-year follow-up study, the association between 
RVO and high cholesterol levels, history of myo-
cardial infarction, diabetes mellitus and higher 
blood cell count was reported (15,16). Further, 
it was stated as well that lipid disbalance, par-
ticularly their fractions present independent risk 
factors for atherosclerosis development (17).
We have pointed out that hypertension, high LDL 
levels and high HLP levels were the strongest 
risk factors for RAO. Furthermore, this study 
demonstrated that metabolic syndrome as a mul-
tifactorial disorder was strongly associated with 
RAO. More than a half of evaluated patients with 
RAO had metabolic syndrome as well, and in the 
control group 3 out of 4 individuals were without 
one. These findings stress out that patients with 
the established RAO or those who are at risk 
should be screened for the presence of metabolic 
syndrome in order to prevent ocular vascular occ-
lusions and complications as well.
Regarding other lipid fractions, the results of this 
study have shown that there were no statistically 
different values of HDL fraction and triglyceri-
des in both groups of participants, implicating 
that HDL and triglyceride fractions were less 

specific parameters in the evaluation of RAO 
than LDL fractions. 
Several studies questioned the role and correlati-
on of genetics and the retinal vascular structure, 
since variability in vascular calibers is believed 
to be related to genetic factors (18,19). The po-
ssible influence of certain genetic factors will 
help us understand more precisely the pathop-
hysiological processes in microvascular structu-
res for those with established hypertension and 
cardiovascular disease. These findings could give 
possible answers to the questions regarding the 
genetic influence and multifactorial origin of re-
tinal vascular occlusive disease (18-20).
The results of this study have shown that LDL 
cholesterol fraction is the most potent factor for 
the occlusion processes in retinal artery, while 
lower HDL cholesterol fraction is in correlation 
with higher frequency of BRAO. Elevated blo-
od pressure, hyperlipoproteinemia and metabolic 
syndrome are identifiable risk factors for the occ-
lusion of retinal artery. 
In conclusion, the patients with atherogenic risk fac-
tors were more prone to the development of RAO, 
HDL had more protective effects on smaller blo-
od vessels (branch retinal artery) than larger blood 
vessels (central retinal artery). This study presents 
the first observation conducted in Serbia on athero-
genic influence of selective risk factors along with 
metabolic syndrome on retinal artery occlusion in-
cluding branch and central retinal artery vessels.
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SAŽETAK

Cilj rada je ispitati uticaj aterogenih faktora rizika kod pacijenata s retinalnom arterijskom okluzijom 
(RAO) i kod kontrolne grupe, kao i kod ispitanika s centralnom RAO i okluzijom grane retinalne arterije. 

Metode Ispitivana su 72 pacijenta iz dvije grupe – grupe s dijagnostikovanom RAO (prva grupa; 45 
pacijenata) i kontrolne grupe koja je uključivala pacijente bez RAO-a ili bilo kog drugog oftalmološkog 
oboljenja (druga grupa; 27 pacijenata). Iz grupe s dijagnostikovanom RAO posebno su analizirani paci-
jenti s centralnom RAO i pacijenti s okluzijom grane retinalne arterije. Analizirani su sledeći parametri: 
indeks telesne mase (ITM), krvni pritisak, nivo glukoze u krvi, trigliceridi, LDL i HDL frakcije holeste-
rola, prisutnost metaboličkog sindroma i hiperlipoproteinemija. 

Rezultati  U grupi pacijenata s RAO-om zabilježeno je statistički značajno povećanje nivoa LDL-a. 
Hipertenzija (88.9%), hiperlipoproteinemija (68.9%) i metabolički sindrom (53.3%) bili su značajno 
češće prisutni kod pacijenata s RAO-om, dok pol i dijabetes melitus nisu bili u direktnoj korelaciji s 
razvojem RAO-a. Pacijenti s RAO-om nisu imali značajno veće vrednosti ITM-a u odnosu na kontrolnu 
grupu. Frakcija HDL-a imala je značajno veće vrednosti kod pacijenata s centralnom RAO u odnosu na 
one s okluzijom grane retinalne arterije. 

Zaključak  Pacijenti s aterogenim faktorima rizika više su predisponirani ka razvoju RAO-a. Takođe je 
pokazano da HDL ima više protektivni efekat na granu nego na stablo retinalne arterije.

Kljčne reči: vaskularna okluzija, oko, lipidi, metabolički sindrom


