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Purpose: To investigate the prevalence of retinal vein occlusions (RVOs) and associated 
factors in a Chinese population.
Patients and Methods: The cross-sectional community-based Kailuan Eye Study included 
individuals who participated in the Kailuan Study. RVOs were diagnosed on the fundus 
photographs. Estimated cerebrospinal fluid pressure (eCSFP) was calculated as 
“eCSFP=0.44*Body Mass Index+0.16*Diastolic Blood Pressure-0.18*Age”.
Results: The study included 12,499 participants with a mean age of 52.9±13.1 years. The 
overall prevalence of RVO was 120/12,499 or 0.96%, with branch RVOs observed in 116/ 
12,499 individuals and central RVOs in 4/12,499 individuals. RVOs started at the optic disc 
in 19 participants (15.8% of all RVOs), and in 101 (84.2%) individuals arterio-venous 
crossings outside the optic disc. In multivariable analysis, a higher RVO prevalence was 
associated with older age (P<0.001), higher eCSFP (P<0.001), and higher fasting serum 
glucose concentration (P<0.001). Differentiating between RVOs at arterio-venous crossings 
and RVOs at the optic disc revealed that the prevalence of both RVO types was associated 
with higher eCSFP (P<0.001 and P=0.004, respectively) after adjusting for age and fasting 
serum glucose concentration.
Conclusion: In this adult Chinese population recruited on a community basis, the preva-
lence of any RVO (mean: 0.96) was associated with older age, higher eCSFP and higher 
fasting serum glucose concentration. Higher eCSFP may play an etiologic role in RVOs.
Keywords: retinal vein occlusion, blood pressure, arterial hypertension, glaucoma, 
intraocular pressure, cerebrospinal fluid pressure

Introduction
Among retinal vascular diseases, retinal vein occlusions (RVOs) are one of the most 
common causes of visual impairment, second only to diabetic retinopathy.1,2 

Among other sequelae, RVOs can lead to macular edema and vitreous hemorrhage 
markedly reducing central visual acuity.3–5 A recent analysis by Rogers and col-
leagues revealed that approximately 16.4 million adults worldwide are affected by 
RVOs.1 The RVO prevalence as reported in previous investigations ranges from 
0.26% to 3.39%, with the associated factors of older age and a higher prevalence of 
systemic diseases, such as arterial hypertension, diabetes mellitus, arteriosclerosis, 
and hyperlipidemia.1,2,6,7 These findings were obtained mostly in studies focused on 
the ophthalmological part with relatively little data of major systemic diseases 
available, and some of the investigations were based on relatively small study 
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populations.6–11 In addition, the previous studies did not 
generally differentiate between RVOs originating from the 
optic disc and those starting at a arterio-venous crossing 
outside of the optic nerve head. With respect to the patho-
genesis of RVOs, several risk factors and mechanisms 
have been discussed to be involved in the etiology of 
RVOs.3,6–11 It includes arterial hypertension and glau-
coma, with glaucoma-related morphological changes in 
the lamina cribrosa leading potentially to an increased 
trans-lamina cribrosa outflow resistance for the venous 
blood. Recently, an increased cerebrospinal fluid pressure 
(CSFP) has been considered to be etiologically associated 
with the incidence of RVOs.12 We therefore conducted this 
study to investigate the prevalence of RVOs as a whole 
and stratified by the location of their starting point and to 
assess a potential relationship between the CSFP and the 
prevalence of RVOs in a relatively large study population 
which had undergone an intensive internal medical 
examination.

Patients and Methods
The cross-sectional community-based Kailuan Eye Study 
consisted of the participants of the longitudinal Kailuan 
Study. The study protocol was approved by the Medical 
Ethics Committee of the Beijing Tongren Hospital, and 
a written informed consent was obtained from every 
study participant, and all examinations were conducted 
in accordance with the Declaration of Helsinki. Kailuan, 
a center of the coal mining industry, is part of the city of 
Tangshan which is located about 150 km southeast of 
Beijing. The study population consisted of employees 
and retirees and their family members of a coal mining 
company and its associated industries and businesses. 
The Kailuan Study population included at baseline 
a cohort of 101,510 participants with an age between 18 
and 111 years, who were biennially re-examined.13–15 

Using an examination unit-based cluster random sam-
pling method, we randomly selected a sample of 14,440 
subjects out of the Kailuan cohort to participate in the 
Kailuan Eye Study. Out of these 14,440 individuals, 
12,499 (86.6%) participants underwent ocular fundus 
photography of both eyes that were considered gradable 
for the assessment of the presence of RVOs. The indivi-
duals included in the present study and those Kailuan 
Study participants who were not included in this study 
did not differ significantly in gender (men/women: 8483/ 
4016 (67.9%/32.1%) versus 1352/589 (69.7%/30.3%); 
P=0.12). The individuals included in the present study 

were significantly younger than those who were not 
included in this study (52.93 ± 13.07 years versus 60.84 
± 12.36 years; P<0.001).

The first part of the study examinations consisted of an 
interview assessing socioeconomic parameters (eg, educa-
tional level), lifestyle variables (eg, physical activity, alco-
hol consumption), and major internal medical disorders. 
We measured body weight and height, waist and hip cir-
cumference, heart rate, and blood pressure. Biochemical 
examinations of blood samples obtained under fasting 
conditions assessed the serum concentrations of glucose, 
hemoglobin, high-density and low-density lipoprotein cho-
lesterol, triglycerides and total cholesterol, albumin, uric 
acid, high-sensitivity C-reactive protein, glutamate pyru-
vate transaminase, total bilirubin, direct bilirubin, and 
urea. Additionally, we performed a blood cell platelet 
count.

Using the derived formula, we estimated the cerebrosp-
inal fluid pressure (eCSFP): “eCSFP [mmHg] = 0.44 * 
Body Mass Index [kg/m2] + 0.16 * Diastolic Blood 
Pressure [mmHg]-0.18 * Age [Years]”.16

Diabetes mellitus was defined by a fasting serum glu-
cose concentration of ≥7.0 mM during the 12-year follow- 
up period, or a history of diabetes or of anti-diabetic 
medication. Criteria for the diagnosis of hypertension 
were a systolic blood pressure of equal to or more than 
140 mmHg, a diastolic blood pressure of equal to or more 
than 90 mmHg, and/or current anti-hypertensive treatment.

The series of ocular examinations consisted of the 
assessment of visual acuity, slit-lamp-based biomicro-
scopy, and ocular biometry by optical low-coherence 
reflectometry (Lenstar 900 Optical Biometer; Haag-Streit, 
Koeniz, Switzerland). We measured central corneal thick-
ness, anterior chamber depth, lens thickness and axial 
length. We took two 45° fundus photographs centered on 
the optic disc and on the macula (non-mydriatic fundus 
camera; CR6-45NM; Cannon, Inc., Ōsta, Tokyo, Japan).

In a masked manner, we assessed the presence of 
RVOs on the fundus photographs of both eyes of the 
study participants. We differentiated RVOs into central 
retinal vein occlusions (CRVOs) (including hemi-central 
RVOs) and branch retinal vein occlusions (BRVOs). 
Retinal and optic disc edema, retinal hemorrhages and 
venous dilation were the characteristics of a recent 
CRVO, while occluded and sheathed retinal veins or vas-
cular anastomoses at the optic disc were typical for long 
standing CRVOs. BRVOs showed localized changes in the 
form of retinal edema and hemorrhages, intraretinal 
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microvascular abnormalities or anastomotic vessels, and 
venous dilatation or venous sheathing within a retinal sec-
tor corresponding to the obstructed vein.17,18 According to 
the location of the BRVO, we differentiated between 
RVOs starting at the optic disc, and RVOs beginning at 
an arterio-venous crossing outside of the optic disc. The 
fundus photographs were examined first by an experienced 
ophthalmologist (Q.W.), and all fundus images of eyes 
with a suspected RVO were re-assessed by a panel of 
ophthalmologists (Q.W., Y.X.W., X.H.S., J.B.J., W.B.W.).

A statistical software program (SPSS for Mac, version 
25.0; IBM/SPSS, Chicago, IL, USA) was used for statis-
tical analysis. We described the primary results as mean ± 
standard deviation for continuous variables, and as percen-
tage and 95% confidence interval (CI) for categorical 
variables. We applied the chi-square test for proportions 
or the Student’s t-test to compare the baseline character-
istics of the individuals with versus without RVOs, and we 
used logistic regression models to calculate the odds ratios 
(ORs) and their 95% CIs of each factor associated with 
RVOs.

Results
The Kailuan Eye Study primarily included 14,440 indivi-
duals (9835 (68.1%) men)) with a mean age of 54.0 ± 13.3 
years (median: 56.0 years; range: 20–110 years). Since the 
fundus photographs of 1941 (13.4%) individuals could not 
be evaluated due to insufficient quality of the fundus 
photographs for one eye or both eyes, the present study 
eventually included 12,499 (86.6%) participants (8483 
men (67.9%)). These were significantly younger (mean 
age: 52.9 ± 13.17 years; median: 55 years; range: 20–110 
years; P<0.001) than the group of individuals without 

assessable fundus photographs, while both groups did not 
differ significantly in gender (P=0.12).

The overall prevalence of any RVO was 120/12,499 or 
0.96% (95% CI: 0.80, 1.15), with branch retinal vein 
occlusions (BRVO) observed in 116/12,499 or 0.93% 
(95% CI: 0.77, 1.11) and central retinal vein occlusions 
(CRVO) in 4/12,499 or 0.032% (95% CI: 0.012, 0.085). 
Bilateral BRVOs were present in three participants (3 or 
2.5% of all individuals with RVOs), but none had 
a bilateral CRVO. In 19 participants (15.8% of all indivi-
duals with RVOs), the vein occlusion occurred in the optic 
disc and in 101 (84.2%) the retinal changes started at 
a arterio-venous crossing outside of the optic disc.

Increasing with older age, the overall prevalence of any 
RVO was 0.13% (95% CI: 0.04, 0.40) in those aged <40 
years, 0.68% (95% CI: 0.46, 1.02) in those aged 50–59 
years, and 3.31% (95% CI: 1.26, 8.67) in those ≥80 years 
(Table 1). In univariable analysis, the participants with 
RVOs compared with the participants without vein occlu-
sions had a significantly (all P<0.05) higher age, higher 
prevalence of male gender, shallower anterior chamber, 
thicker lens, shorter axial length, higher systolic and dia-
stolic blood pressure, higher BMI, higher fasting blood 
glucose, higher uric acid serum concentration, higher 
waist–hip ratio, and higher prevalence of diabetes and 
hypertension (Table 2).

In the multivariable binary analysis, the RVO preva-
lence was the dependent parameter. Independent para-
meters were those parameters which were correlated 
(P-value ≤0.10) with the RVO prevalence in the univari-
able analysis (Table 2). We first removed the parameters of 
lens thickness and anterior chamber depth from the list of 
independent parameters due to their collinearity with axial 

Table 1 Age-Specific Prevalence (Mean and 95% Confidence Intervals) of Retinal Vein Occlusions (RVOs), Stratified into RVOs 
Originating at the Optic Nerve Head and RVOs Originating at Arterio-Venous Crossings Outside of the Optic Nerve Head

Percentage (95% Confidence Intervals) (Number of Effected Individuals)

Age (Years) RVO Originating at the Optic 
Nerve Head

RVO Originating at Arterio-Venous Crossings Outside of 
the Optic Nerve Head

Total

≤39 0.04 (0.006, 0.31) (1) 0.09 (0.022, 0.35) (2) 0.13 (0.04, 0.40) (3)

40–49 0.09 (0.02, 0.37) (2) 0.50 (0.28, 0.91) (11) 0.60 (0.35, 1.03) (13)
50–59 0 (0) 0.68 (0.46, 1.02) (24) 0.68 (0.46, 1.02) (24)

60–69 0.34 (0.19, 0.60) (12) 1.41 (1.07, 1.86) (50) 1.75 (1.37, 2.24) (62)

70–79 0.49 (0.18, 1.29) (4) 1.22 (0.66, 2.25) (10) 1.70 (1.01, 2.86) (14)
≥80 0 (0) 3.31 (1.26, 8.67) (4) 3.31 (1.26, 8.67) (4)

Overall 0.15 (0.097, 0.24) (19) 0.81 (0.67, 0.98) (101) -
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length, diastolic blood pressure due to its collinearity with 
systolic blood pressure, and low-density lipoprotein serum 
concentration due to its collinearity with fasting blood 
glucose serum concentration. Due to a lack of statistical 
significance, we then dropped step-by-step the parameters 
of axial length (P=0.95), the serum concentration of uric 
acid (P=0.63), total protein (P=0.92) and creatinine 
(P=0.62), waist–hip ratio (P=0.44), gender (P=0.94), his-
tory of diabetes mellitus (P=0.15) and arterial hyperten-
sion (P=0.51), and blood platelet count (P=0.54). In the 
final model, a higher RVO prevalence correlated with 
older age (P<0.001), higher systolic blood pressure 
(P=0.001), higher body mass index (BMI) (P=0.007) and 
higher fasting blood glucose serum concentration 

(P=0.002) (Table 3). If the parameters of blood pressure 
and BMI were replaced by the estimated cerebrospinal 
fluid pressure (eCSFP) parameter (which comprised 
blood pressure and BMI), a higher RVO prevalence was 
associated in the final model with a higher eCSFP 
(P<0.001), older age (P<0.001), and higher fasting blood 
glucose serum concentration (P<0.001) (Table 3).

In univariate logistic analysis, as compared with parti-
cipants without RVOs, participants with RVOs originating 
at the optic disc had a significantly (all P<0.05) older age, 
shallower anterior chamber, lower prevalence of arterial 
hypertension, higher systolic and diastolic blood pressure 
and higher uric acid serum concentration (Table 4). In the 
multivariable logistic regression analysis, we removed 

Table 2 Differences Between the Group of Participants with Retinal Vein Occlusions Compared with the Group of Participants 
without Retinal Vein Occlusions in the Kailuan Eye Study

Retinal Vein Occlusions No Retinal Vein Occlusions P-value

n 120 (0.96%) 12,379 (99.04%)

Age (Years) 61.2 ± 9.8 52.9 ± 13.1 <0.001

Gender (men) 97 (80.8%) 8386 (67.8%) 0.003
History of diabetes mellitus 36 (31.6%) 2297 (19.8%) 0.002

History of hypertension 85 (74.6%) 5308 (45.7%) <0.001

Mean systolic blood pressure (mmHg) 150.4 ± 22.0 137.2 ± 18.9 <0.001
Mean diastolic blood pressure (mmHg) 85.4 ± 11.8 79.9 ± 10.3 <0.001

Mean fasting blood glucose (mmol/L) 7.19 ± 3.27 6.06 ± 1.96 <0.001
Mean heart rate (beats/minute) 75.6 ± 12.0 75.6 ± 11.2 0.99

Mean waist-hip ratio 0.92 ± 0.09 0.89 ± 0.08 <0.001

Mean body mass index (kg/m2) 26.1 ± 3.7 25.0 ± 3.4 0.001
Mean high-density lipoprotein cholesterol concentration (mmol/L) 1.46 ± 0.49 1.54 ± 0.60 0.18

Mean low-density lipoprotein cholesterol concentration (mmol/L) 2.82 ± 0.80 2.97 ± 0.92 0.08

Mean triglyceride (mmol/L) 2.26 ± 1.72 2.10 ± 2.26 0.46
Mean total cholesterol concentration (mmol/L) 4.40 ± 1.72 4.63 ± 1.97 0.21

Mean uric acid concentration (µmol/L) 348 ± 104 326 ± 88 0.03

Mean hypersensitive C-reactive protein concentration (mg/L) 1.81 ± 2.43 1.98 ± 7.22 0.80
Mean total protein concentration (g/L) 74.1 ± 5.4 73.2 ± 5.1 0.10

Mean albumin (g/L) 46.3 ± 3.5 47.4 ± 7.3 0.13

Mean glutamate pyruvate transaminase (U/L) 23.2 ± 15.6 23.7 ± 21.9 0.79
Mean total bilirubin (µmol/L) 15.7 ± 6.1 15.2 ± 12.0 0.67

Creatinine (µmol/L) 77.2 ± 20.2 72.7 ± 27.8 0.08

Mean urea (mmol/L) 5.88 ± 1.56 5.65 ± 5.99 0.68
Mean urine pH 5.93 ± 0.68 5.87 ± 0.62 0.38

Mean red blood cell count (1012/L) 4.94 ± 0.46 4.88 ± 0.47 0.22

Mean white blood cell count (109/L) 6.10 ± 1.93 5.93 ± 1.77 0.33
Mean blood platelet count (109/L) 228 ± 54 238 ± 57 0.07

Mean hemoglobin (g/L) 148.2 ± 19.3 148.4 ± 16.0 0.89

Mean neutrophil cell count (109/L) 3.87 ± 1.39 3.73 ± 2.08 0.47
Central cornea thickness (µm) 535 ± 29 537 ± 33 0.60

Anterior chamber depth (mm) 2.62 ± 0.39 2.73 ± 0.45 0.046

Lens thickness (mm) 4.43 ± 0.38 4.26 ± 0.61 0.035
Axial length (mm) 23.41 ± 0.91 23.71 ± 1.28 0.01
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independent parameters due to collinearity (lens thickness, 
anterior chamber depth, diastolic blood pressure, low- 
density lipoprotein serum concentration), and due to 
a lack of statistical significance, we dropped the para-
meters of axial length, uric acid serum concentration, 
blood platelet count, history of diabetes and hypertension, 
gender, waist–hip ratio and serum concentration of high- 
density lipoprotein and albumin. In the final model, 
a higher prevalence of RVO originating at the optic disc 
was associated with older age (P=0.005) and higher sys-
tolic blood pressure (P=0.045). If the parameters of blood 
pressure and BMI were replaced by the eCSFP parameter, 
a higher prevalence of RVOs originating at the optic disc 
was associated in the final model with a higher eCSFP 
(P=0.004) and older age (P<0.001) (Table 5).

Compared with participants without RVOs, participants 
with RVO originating at arterio-venous crossings outside of 
the optic disc had a significantly (all P<0.05) older age, 
higher prevalence of men, shorter axial length, lower pre-
valence of diabetes and hypertension, higher systolic and 
diastolic blood pressure, higher BMI, higher fasting blood 
glucose serum concentration, and lower serum concentration 
of low-density lipoprotein and albumin, lower blood platelet 
count and higher waist–hip ratio (Table 4). In multivariable 
analysis, a higher prevalence of RVO originating outside of 
the optic disc was associated with older age (P<0.001), 
higher systolic blood pressure (P=0.009), higher BMI 
(P=0.02), and higher fasting blood glucose serum concen-
tration (P<0.001) (Table 5). If the parameters of blood 
pressure and BMI were replaced by the eCSFP parameter, 
a higher prevalence of RVOs originating outside of the optic 
disc was associated in the final model with a higher eCSFP 

(P<0.001), older age (P<0.001) and higher fasting blood 
glucose serum concentration (P<0.001) (Table 5).

Discussion
In this cross-sectional examination of a community-based 
recruited Chinese population, the overall prevalence of any 
RVO was 0.96% (95% CI: 0.80, 1.15). The RVO prevalence 
increased with older age, with participants aged 80+ years 
having an approximately five times higher RVO prevalence 
than individuals aged under 60 years.8,9,19–22 A higher pre-
valence of RVO was associated with older age, higher 
eCSFP, and higher fasting glucose serum concentration. 
Similar relationships were found when the RVOs were stra-
tified based upon the location of their origin.

The prevalence figures found for our study population 
agree with those reported for other populations. The Blue 
Mountains Eye Study in Australia and the North American 
Beaver Dam Eye Study reported RVO prevalences of 1.6% 
and 0.8%, respectively.21,22 Population-based studies on 
non-white populations aged 40+ years revealed RVO pre-
valences of 0.7% in the Singapore Malay Eye Study, 2.1% 
in the Japanese Hisayama Study, 1.2% in the Beijing Eye 
Study, 0.7% in the Central India Eye and Medical Study, 
and 0.72% in the Singapore Epidemiology of Eye Disease 
Study.7–10,19

The association between a higher RVO prevalence and 
higher eCSFP agrees with a previous investigation on 
smaller study populations in which the prevalence and 
incidence of RVOs correlated with higher eCSFP.12 In 
the longitudinal population-based Beijing Eye Study, 
a higher incidence of RVOs as a whole, and a higher 
incidence of CRVOs together with BRVOs originating at 

Table 3 Associations (Multivariable Logistic Regression Analysis) Between the Prevalence of Retinal Vein Occlusions and Ocular and 
Systemic Parameters in the Kailuan Eye Study

Parameters Odds Ratio 95% Confidence Interval for OR P-value

Age 1.05 1.03, 1.07 <0.001

Systolic blood pressure 1.02 1.01, 1.03 0.001

Body mass index 1.08 1.02, 1.14 0.007

Fasting blood glucose serum concentration (mmol/L) 1.11 1.04, 1.18 0.002

Using “estimated cerebrospinal fluid pressure” instead of blood pressure and body mass index:

Estimated cerebrospinal fluid pressure (mm Hg) 1.22 1.13, 1.31 <0.001

Age (years) 1.11 1.08, 1.13 <0.001

Fasting blood glucose serum concentration (mmol/L) 1.11 1.04, 1.18 <0.001
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Table 4 Differences Between the Group of Participants with Retinal Vein Occlusion Originating at Optic Disc and Retinal Vein 
Occlusion Originating Outside Optic Disc Compared with the Group of Participants without Retinal Vein Occlusion in the Kailuan Eye 
Study

No Retinal 
Vein 

Occlusions

Vein 
Occlusion 
Starting 

Within the 
Optic Disc

P-value* Vein Occlusion Starting at 
a Arterio-Venous Crossing 
Outside of the Optic Disc 

Vessel

P-value*

Age (Years) 52.9 ± 13.1 62.1 ± 10.2 <0.001 61.0 ± 9.7 <0.001

Gender (men) 8386 (67.79%) 0.17 0.008

History of diabetes mellitus 2297 (19.77%) 0.53 <0.001

History of hypertension 5308 (45.70%) 0.009 <0.001

Mean systolic blood pressure (mmHg) 137.2 ± 18.9 150.0 ± 20.6 <0.001 150.5 ± 22.4 <0.001

Mean diastolic blood pressure (mmHg) 79.9 ± 10.3 88.1 ± 9.2 0.001 84.9 ± 12.2 <0.001

Mean fasting blood glucose (mmol/L) 6.06 ± 1.96 6.46 ± 3.31 0.39 7.33 ± 3.26 <0.001

Mean heart rate (beats/minute) 75.6 ± 11.2 75.81 ± 13.05 0.33 75.52 ± 11.93 0.695

Mean waist-hip ratio 0.89 ± 0.08 0.91 ± 0.07 0.22 0.92 ± 0.09 <0.001

Mean body mass index (kg/m2) 25.0 ± 3.4 25.9 ± 3.1 0.16 26.1 ± 3.8 0.003

Mean high-density lipoprotein cholesterol 
concentration (mmol/L)

1.54 ± 0.60 1.44 ± 0.41 0.10 1.47 ± 0.50 0.399

Mean low-density lipoprotein cholesterol 
concentration (mmol/L)

2.97 ± 0.92 3.02 ± 0.56 0.65 2.78 ± 0.83 0.016

Mean triglyceride (mmol/L) 2.10 ± 2.26 2.37 ± 1.70 0.81 2.24 ± 1.74 0.477

Mean total cholesterol concentration (mmol/L) 4.63 ± 1.97 4.43 ± 1.56 0.72 4.39 ± 1.75 0.185

Mean uric acid concentration (µmol/L) 326 ± 88 357 ± 73 0.02 346 ± 109 0.069

Mean hypersensitive C-reactive protein 
concentration (mg/L)

1.98 ± 7.22 2.37 ± 2.72 0.94 1.70 ± 2.38 0.722

Mean total protein concentration (g/L) 73.2 ± 5.1 74.7 ± 3.8 0.20 73.9 ± 5.6 0.189

Mean albumin (g/L) 47.4 ± 7.3 46.6 ± 2.4 0.60 46.2 ± 3.7 0.001

Mean glutamate pyruvate transaminase (U/L) 23.7 ± 21.9 21.8 ± 17.1 0.67 23.4 ± 15.4 0.916

Mean total bilirubin (µmol/L) 15.2 ± 12.0 15.9 ± 4.0 0.59 15.6 ± 6.4 0.864

Creatinine (µmol/L) 72.7 ± 27.8 79.1 ± 19.3 0.27 76.9 ± 20.5 0.171

Mean urea (mmol/L) 5.65 ± 5.99 5.82 ± 1.40 0.83 5.89 ± 1.59 0.733

Mean urine pH 5.87 ± 0.62 5.83 ± 0.54 0.50 5.94 ± 0.71 0.198

Mean red blood cell count (1012/L) 4.88 ± 0.47 5.07 ± 0.42 0.24 4.91 ± 0.47 0.430

Mean white blood cell count (109/L) 5.93 ± 1.77 6.34 ± 1.63 0.27 6.05 ± 1.98 0.571

Mean blood platelet count (109/L) 238 ± 57 241 ± 46 0.93 226 ± 55 0.038

Mean hemoglobin (g/L) 148.4 ± 16.0 154.1 ± 15.3 0.73 147.1 ± 19.8 0.998

Mean neutrophil cell count (109/L) 3.73 ± 2.08 3.85 ± 1.06 0.54 3.87 ± 1.44 0.614

(Continued)
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the optic nerve head, correlated with a higher eCSFP in 
multivariable analysis.22 These observations agree with the 
findings made in previous anatomical and physiological 
studies of the optic nerve head underlining the potential 
importance of the orbital CSFP. The latter is the counter 
pressure against the intraocular pressure (IOP) across the 
lamina cribrosa of the optic nerve head and one of the two 
determinants of the trans-lamina cribrosa pressure differ-
ence (TLCPD).23–29 The TLCPD is a main etiological 
parameter for pressure-related disorders of the optic 
nerve head region, including glaucomatous optic neuropa-
thy with an abnormally high TLCPD and including papil-
ledema with an abnormally low TLCPD.23–30 Since the 
central retinal vein passes through the space of the orbital 
CSFP, the intraocular central retinal vein pressure should 
be at least as high as the orbital CSFP is. This notion has 
been supported by experimental findings and by ophthal-
modynamometric measurements of the central retinal vein 
pressure in patients with increased CSFP in whom an 
elevated central CSFP was associated with elevated 
ophthalmodynamometric measurements of the central ret-
inal vein pressure.31–33

The association between a higher RVO prevalence 
and higher eCSFP may answer the question, why an 
increased blood pressure on the arterial side should lead 
to an increased venous outflow resistance out of the eye. 
The RVO-associated increase in the outflow resistance of 
the venous blood out of the eye leads to an increase in 
the intraocular venous pressure with subsequent venous 
congestion and venous dilatation inside of the eye, ele-
vated capillary pressure and increased trans-capillary wall 
exudation and hemorrhage. Since arterial hypertension is 

directly related to the CSFP, an elevated arterial blood 
pressure may lead through the primarily elevated CSFP 
to a secondarily increased retinal vein pressure and an 
increased prevalence of RVOs. In an alternative manner, 
one can discuss that arterial hypertension leads to athero-
sclerosis which, due to a thickening and stiffening of the 
wall of the central retinal artery may lead to 
a compression or stenosis of the central retinal vein 
when passing through the central part of the lamina 
cribrosa. In a same manner, one may discuss that 
a stiffening of the retinal arteriolar wall may lead to 
a compression of the retinal venule at retinal arterio- 
venous crossing sites in eyes with BRVO at such crossing 
sites. One may consider in that context that the retinal 
arterioles, in contrast to arteries, do not have a continuous 
muscular coat (tunica muscularis), and thus show princi-
pal anatomical differences to arteries such as the central 
retinal artery. Fitting with the notion of an elevated CSFP 
as etiologic risk factor for RVOs are observations, that 
RVOs are usually noticed in the morning, and that macu-
lar edema due to RVOs is usually more marked in the 
morning than in the evening.34 The supine position dur-
ing sleeping at night leads to an increased CSFP due to 
hydrostatic reasons. In agreement with this observation, 
the choroid is thinner in the afternoon than in the 
morning.35 Interestingly, the central retinal vein and the 
choroidal vortex veins drain their blood through the 
superior orbital vein into the intracranial cavity. The 
observations of diurnal changes in macular edema in 
patients with RVOs and of diurnal changes in choroidal 
thickness thus fit with a potential influence, the CSFP 
may have for the etiology of RVOs.

Table 4 (Continued). 

No Retinal 
Vein 

Occlusions

Vein 
Occlusion 
Starting 

Within the 
Optic Disc

P-value* Vein Occlusion Starting at 
a Arterio-Venous Crossing 
Outside of the Optic Disc 

Vessel

P-value*

Central cornea thickness (µm) 537 ± 33 519 ± 24 0.12 538 ± 30 0.853

Anterior chamber depth (mm) 2.73 ± 0.45 2.47 ± 0.50 0.04 2.65 ± 0.36 0.182

Lens thickness (mm) 4.26 ± 0.61 4.54 ± 0.47 0.07 4.40 ± 0.36 0.096

Axial length (mm) 23.71 ± 1.28 23.23 ± 1.07 0.44 23.45 ± 0.89 0.048

CSFP 14.46 ± 3.27 14.45 ± 2.34 0.70 14.10 ± 3.30 0.352

Notes: P-value*: statistical significance of the difference between the group with a retinal vein occlusion and the group without a retinal vein occlusion.
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The association between CSFP and RVO prevalence as 
observed in the present and previous investigations sheds 
light on the general importance of the CSFP for the phy-
siology and pathophysiology of the eye and optic nerve. 
Other examples are that choroidal thickness is positively 
correlated with the eCSFP and that the prevalence, inci-
dence and severity of diabetic retinopathy was associated 
with the eCSFP.36,37 One may speculate whether the ther-
apeutic reduction of the CSFP by oral application of car-
bonic anhydrase inhibitors may be worth to be evaluated 
as therapy of RVOs.

When the results of our study are discussed, its limita-
tions should be taken into account. First, we used two 
photographic fields per eye to assess the prevalence of 
RVOs. It could have resulted in an underestimation of 
the prevalence of RVO if peripheral lesions might have 
been overlooked. Second, since the study had a cross- 
sectional design, it could analyze only associated factors, 
while the detection of causative or risk factors needed 

a longitudinal study design. Third, the eCSFP was derived 
from a multivariate formula incorporating body mass 
index, diastolic blood pressure, and age. Although the 
eCSFP correlated relatively well with measured CSFP 
values in a previous study, one must bear in mind that 
the eCSFP value were just rough approximations needing 
further validation.38 In that context, it has also to be 
considered that the width of the orbital cerebrospinal 
fluid space was not taken into account, since it was not 
feasible to measure it in a large community-based investi-
gation. Since a wider orbital cerebrospinal fluid space is 
associated with higher CSFP and has also been taken as 
a surrogate for CSFP, one may think however that the 
parameter of CSFP already contains the orbital cerebrosp-
inal fluid space width as parameter.16 One may also dis-
cuss that the RVO prevalence in our study was primarily 
associated with higher blood pressure and elevated BMI, 
which were then put together in the formula for the esti-
mation of the eCSFP. Due to anatomic reasons pointed out 

Table 5 Associations (Multivariable Multinomial Logistic Regression Analysis) Between the Prevalence of Retinal Vein Occlusions 
Occurring in Different Location and Systemic Parameters in the Kailuan Eye Study

Retinal Vein Occlusion Occurring Within Optic Disc

Parameters Odds Ratio (OR) 95% Confidence Interval for OR P-value

Age (years) 1.06 1.02, 1.11 0.005

Systolic blood pressure (mm Hg) 1.02 1.00, 1.05 0.045

Body mass index (kg/m2) 1.08 0.96, 1.22 0.203

Fasting blood glucose serum concentration (mM) 0.97 0.78, 1.19 0.744

Using “estimated cerebrospinal fluid pressure” instead of blood pressure and body mass index:

Estimated cerebrospinal fluid pressure (mm Hg) 1.26 1.08, 1.48 0.004

Age (years) 1.13 1.08, 1.19 <0.001

Retinal Vein Occlusions Occurring at Arterio-Venous Crossings Outside of the Optic Disc

Parameters Odds Ratio (OR) 95% Confidence Interval for OR P value

Age (years) 1.05 1.03, 1.07 <0.001

Systolic blood pressure (mm Hg) 1.01 1.004, 1.03 0.009

Body mass index (kg/m2) 1.08 1.01, 1.14 0.016

Fasting blood glucose serum concentration (mM) 1.13 1.06, 1.21 <0.001

Using “estimated cerebrospinal fluid pressure” instead of blood pressure and body mass index:

Estimated cerebrospinal fluid pressure (mm Hg) 1.20 1.11, 1.31 <0.001

Age (years) 1.10 1.07, 1.13 <0.001

Fasting blood glucose serum concentration (mmol/L) 1.14 1.07, 1.21 0.001
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above, it makes however sense to discuss that it is primar-
ily the CFSP, based on blood pressure and obesity, which 
influence the prevalence, and potentially the development, 
of RVOs. Fourth, some systemic parameters such as 
hyper-homocysteinemia and smoking, and some ocular 
parameters like intraocular pressure, were not examined 
in our study as potential factors associated with the pre-
valence of RVOs.6 Fifth, RVO is not one disease but it 
consists of CRVO, hemicentral RVO and branch BRVO, 
additionally differentiated into ischemic types versus non- 
ischemic types. We did not differentiate between the 
ischemic type and the non-ischemic type of RVOs. One 
may also consider that patients with an ischemic RVO may 
have a lower life expectancy leading to a survival bias 
with an overestimation of the prevalence of non-ischemic 
RVOs in cross-sectional studies as ours. Sixth, we did not 
assess the know association between the prevalence of 
RVOs and glaucoma in our study. Seventh, due to the 
relatively small number of patients affected with RVOs, 
not all four types of RVO as described by Beaumont and 
Kang were differentiated in our study.39 Eighth, due to the 
inherent disadvantage of any population-based or commu-
nity-based study, the number of individuals affected by the 
disease, ie, RVOs, was relatively small (n=120) for 
a detailed multivariable analysis.

Conclusion
In this adult Chinese population, the prevalence of any 
RVO (mean: 0.96) was associated with older age, higher 
eCSFP and higher fasting serum blood glucose concentra-
tion. An elevated CSFP may play an etiologic role in 
RVOs.
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