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Retinal Vein Occlusion and the Risk of Stroke
Development: A Five-year Follow-up Study
JAU-DER HO, SHIOW-WEN LIOU, AND HERNG-CHING LIN
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PURPOSE: To investigate the risk of stroke develop-
ent following the occurrence of retinal vein occlusion

RVO).
DESIGN: Retrospective nationwide population-based

dministrative database study.
METHODS: Data were collected from Taiwan National
ealth Insurance Research Database, which comprises
,073,891 random subjects from 23 million Taiwan
esidents. The study cohort comprised of all patients with
first-time diagnosis of either central or branch RVO

rom January 1999 to December 2001 (n � 350). The
omparison cohort comprised randomly selected patients
n � 2,100) matched with the study group for age,
ender, and the date of ambulatory care visit. Each
ampled patient was tracked for five years. Cox propor-
ional hazard regressions were utilized to compute the
ve-year stroke-free survival rate after adjusting for
ossible confounding factors.
RESULTS: Stroke developed in 35.1% and 19.9% of
VO patients and comparison group patients, respec-

ively. After adjusting for demographic characteristics
nd comorbidities, RVO was not associated with an
ncreased risk of stroke development (adjusted hazard
atio, 1.01; 95% confidence interval [CI], 0.65 to 1.57)
mong subjects of any age. However, RVO patients age
0 to 69 years had a 2.34-fold (95% CI, 1.05 to 5.24)
igher risk of suffering a stroke.
CONCLUSIONS: There was no overall association of
VO with stroke except in the 60-to 69-year subgroup.
he possible causes include: an actually increased risk of

troke development in the 60- to 69-year group, chance
nding, the presence of selection biases, small numbers of
troke patients in the <50 and 50 to 59 age groups, or a
ack of power in the >70-year group. (Am J Ophthal-
ol 2009;147:283–290. © 2009 by Elsevier Inc. All

ights reserved.)
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ETINAL VEIN OCCLUSIVE (RVO) DISORDERS, WHICH

include central retinal vein occlusion (CRVO) and
branch retinal vein occlusion (BRVO), collectively

onstitute one of the major causes of severe vision impair-
ent and blindness.1,2 The systemic risk factors associated
ith RVO include old age,3 hypertension,4 diabetes mel-

itus,4 and cardiovascular diseases.4 Many of these are
ssociated with the development of stroke, which is the
ost common cause of serious disability in adults.5,6

herefore, it would be of clinical relevance to investigate
hether RVO is a predictor for the future development of

troke.
To the best of our knowledge, there have been two

ublished single hospital-based studies that compared the
ate of stroke development after RVO occurrence with a
ontrol cohort. Mansour and associates7 investigated the
isk of mortality and morbidity in 78 patients with CRVO
ith a mean follow-up of 7.2 years. Thirteen subjects died
t an average of 7.0 years after CRVO. None of the 11
ubjects with known causes of death died of stroke. One
urviving subject developed stroke three years after
RVO. They concluded that patients with CRVO did not

arry a higher risk of mortality or morbidity than matched
ontrols derived from national surveys. In a study by
saloumas and associates,8 which involved 549 RVO cases
ith a mean follow-up period of 9.08 years, there was no

tatistical difference between the RVO group and the
ackground population in the rates of stroke development,
lthough there was a trend towards a greater number of
eaths from stroke in the RVO group (19% vs 13.5%).
Using a population-based dataset from Taiwan, this

tudy investigated the relationship between RVO occur-
ence and the risk of future stroke development.

METHODS

DATABASE: This study used a database released by the
aiwan National Health Research Institute (NHRI) in
008. This database is composed of 1,073,891 random
ubjects, about 5% of the entire enrollees in the National
ealth Insurance (NHI) program. It was created by the
HRI using a systematic sampling method to randomly

ample a representative database from the entire database.
here were no statistically significant differences in age,
ender, or costs between the sample group and all enroll-

es. This database consists of medical claims for ambula-
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ory care, inpatient care, dental services, and prescription
rugs as well as the registration files of the insured from
anuary 1996 to December 2006.

STUDY SAMPLE: Our study design featured a study
ohort and a comparison cohort. The study cohort com-
rised all patients who visited ambulatory care physicians
rom January 1999 to December 2001 for a diagnosis of
VO (ICD-9-CM codes 362.35 or 362.36). In order to
ssure that selected cases were new episodes to avoid the
otential confounding factors of chronicity, we excluded
hose who had been treated for RVO in ambulatory care
uring the previous three-year period (n � 51), and also
atients previously diagnosed with stroke (ICD-9-CM
odes 430-438) (n � 21). Ultimately, we were left with a
ample of 350 eligible patients.

We randomly selected 2,100 patients (six for every RVO
atient) from the database matched with the study group
n terms of gender, age (� 50, 50 to 59, 60 to 69, and �70
ears) and the date of ambulatory care visit as our
omparison cohort. Again, patients with a prior diagnosis
f RVO or stroke were not included in the comparison

TABLE 1. Demographic Characteristics and Comorbid Medic
Group Patients i

Variable

Retinal Vein Occlusion Group

Total No. Column %

Gender

Male 187 53.4

Female 163 46.6

Age (yrs)

�50 56 16.0

50 to 59 72 20.6

60 to 69 113 32.3

�70 109 31.1

Hypertension

Yes 299 85.4

No 51 14.6

Diabetes

Yes 152 43.4

No 198 56.6

Hyperlipidemia

Yes 186 53.1

No 164 46.9

Renal disease

Yes 88 25.1

No 262 74.9

Geographic region

Northern 154 44.0

Central 81 23.1

Southern 106 30.3

Eastern 9 2.6

Yrs � years.
ohort. e

AMERICAN JOURNAL OF84
Each patient was tracked from his or her index ambu-
atory care visits for five years to distinguish all patients
ho had developed any type of stroke (ICD-9-CM codes
30-438). In addition, to calculate the stroke-free sur-
ival time after the index ambulatory care visit for a
ve-year period, the data were also linked to death
ertificate data in Taiwan, with cases censored if indi-
iduals died from nonstroke causes during that time (340
atients died from nonstroke causes: 67 from the study
ohort and 273 from the comparison cohort).

Regression modeling also adjusted for patient’s age,
ender, and the geographic location of the community in
hich the patient resided (Northern, Central, Eastern, and
outhern Taiwan) as well as comorbidities. Selected co-
orbid medical disorders included hypertension, diabetes,
yperlipidemia, and renal disease, because these conditions
ay exacerbate the risk of stroke.5,6,9–11

STATISTICAL ANALYSIS: The SAS statistical package
AS System for Windows, version 8.2 (SAS Institute Inc,
ary, North Carolina, USA) was used to perform the

nalyses in this study. Pearson �2 tests were performed to

sorders for Retinal Vein Occlusion Patients and Comparison
an (n � 2,450)

Comparison Group

P valueTotal No. Column %

1122 53.4 1.000

978 46.6

336 16.0 1.000

432 20.6

678 32.3

654 31.1

133 6.3 �.001

1967 93.7

65 3.1 �.001

2035 96.6

27 1.3 �.001

2073 98.7

10 0.5 �.001

2090 99.5

905 43.1 .732

541 25.8

596 28.4

58 2.7
al Di
n Taiw
xamine differences between the two cohorts in terms of
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emographic characteristics, selected comorbid medical
isorders, and the risk of developing stroke. The five-year
troke-free survival rate was then estimated using the
aplan-Meier method, using the log-rank test to examine

he differences in the risk of developing stroke between the
wo cohorts in different age groups. Thereafter, separate
ox proportional hazard regressions in different age groups
ere performed to compute the five-year stroke-free sur-
ival rate after adjusting for possible confounding factors.

significance level of 0.05 for the regression coefficients
as selected to determine the significance of predictors in

he models.

RESULTS

ABLE 1 SHOWS THE DISTRIBUTIONS OF DEMOGRAPHIC

haracteristics and comorbid medical disorders for these
wo cohorts. After matching for age, gender, and the date
f the ambulatory care visit, patients with RVO were more
ikely to have comorbidities such as hypertension (P �
001), diabetes (P � .001), hyperlipidemia (P � .001), and
enal disease (P � .001) compared to patients in the
omparison group. There was no significant difference in
he distribution of geographic regions between the two
ohorts.

Table 2 presents the distribution of stroke development
uring the five-year follow-up period between these two

TABLE 2. Distribution of Stroke Development During the
Five-Year Follow-up Period Between Retinal Vein

Occlusion Patients and Comparison Group Patients
in Taiwan

Age Group (yrs)

Stroke

Development

P valuea

Yes

N %

All (n � 2,450) �.001

Retinal vein occlusion 123 35.1

Comparison group 418 19.9

�50 (n � 392) �.001

Retinal vein occlusion 11 19.6

Comparison group 13 3.9

50 to 59 (n � 504) �.001

Retinal vein occlusion 17 23.6

Comparison group 45 10.4

60 to 69 (n � 791) �.001

Retinal vein occlusion 56 49.6

Comparison group 147 21.7

�70 (n � 763) .323

Retinal vein occlusion 39 35.8

Comparison group 213 32.6

Yrs � years.
aThe P value was calculated based on the log-rank test.
ohorts. Of the total sample of 2,450 patients, 541 patients p

RETINAL VEIN OCCLUSOL. 147, NO. 2
22.1%) developed a stroke during the follow-up period,
23 (35.1% of the patients with RVO) from the study
ohort and 418 (19.9% of the patients in the comparison
roup) from the comparison cohort. After categorization
nto the different age groups, we found that patients with
VO in the age group 60 to 69 years had the highest
ercentage (49.6%) of developing stroke during the fol-
ow-up period.

Table 2 also shows the results of the log-rank tests. The
og rank tests consistently indicated that patients with
VO had significantly lower five-year stroke-free survival

ates than patients in the comparison group for the total
ample and in the different age groups (all P � .001)
xcept in the age group of �70 years (P � .323). The
esults of Kaplan-Meier survival analysis are presented in
igures 1 through 4.
Table 3 provides details of the adjusted hazard ratios for

troke during the follow-up period by cohort for the total
ample and in the different age groups. After adjusting for
atient age, gender, and comorbid medical disorders, RVO
as no longer a significant predictor for the development
f stroke during the five-year follow-up period in the total
ample or in the age groups of �50 and 50 to 59 years.
owever, the regression model showed that RVO re-
ained a statistically significant predictor for the develop-
ent of stroke after adjusting for possible confounding

actors among the age group of 60 to 69 years; the adjusted
azard of developing stroke during the five-year follow-up
eriod was 2.34 (95% confidence interval [CI], 1.05 to
.24; P � .05) times greater for patients with RVO than
or patients in the comparison group.

DISCUSSION

N THIS STUDY, IN WHICH DATA ON 350 RVO PATIENTS

ere analyzed, we found that RVO patients younger than
0 years had a significantly higher risk for stroke develop-
ent in the five-year follow-up period. Our findings also

onfirmed that old age, hypertension, diabetes, hyperlipid-
mia, and renal diseases are systemic risk factors for RVO.
fter adjusting for age, gender, and comorbid medical

isorders (hypertension, diabetes, hyperlipidemia, and re-
al diseases), RVO was not associated with an increased
isk of stroke development during the follow-up period
mong subjects at any age. However, RVO patients in the
ge group of 60 to 69 years were found to have a 2.34-fold
95% CI, 1.05 to 5.24) higher risk of suffering a stroke
uring the follow-up period than the matched comparison
ohort.

Mansour and associates’ study7 reported no higher risk of
troke development and mortality following CRVO occur-
ence. Their study adjusted for age, gender, hypertension,
nd diabetes when making the comparison between the
RVO patients and the control cohort. This study did not

erform a sub-analysis for different age groups. Tsaloumas
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nd associates8 found no statistical difference between the
VO group and the background population in the rates of

troke development, although there was a trend towards a
reater number of deaths from stroke in the RVO group.
he results of those two studies were similar to ours in

erms of the total sample. However, subanalysis of our
ample found that RVO patients in the age group of 60 to
9 years had a 2.34-fold (95% CI, 1.05 to 5.24) higher risk
f suffering a stroke. When comparing the results of
revious studies with those of ours, several differences in
he methodology must be noted. First, those two previous
tudies relied upon data from a single hospital, which
ight not have been sufficiently representative to draw

nequivocal conclusions. Second, there was a difference in

IGURE 1. Stroke-free survival rates for retinal vein occlusion

IGURE 2. Stroke-free survival rates for RVO and compariso
he selection of the comparison group. In our study, we p

AMERICAN JOURNAL OF86
atched patients’ age, gender, and date of ambulatory visit
n selecting the comparison group. In Mansour and asso-
iates’ study, they matched age, gender, and race. In
saloumas and associates’ study, the comparison group was

he general population in West Midland of the United
ingdom at 23 to 92 years of age (the age range of RVO
atients in their study). They did not match other param-
ters. Third, there was a difference in whether adjustment
or confounding factors (eg, comorbid medical conditions)
nd a sub-analysis for different age groups were performed.

Ueda and associates12 examined 31 RVO patients with-
ut neurologic signs or symptoms using magnetic reso-
ance imaging (MRI). They found that asymptomatic
erebral infarction was more common in these RVO

O) and comparison group patients age <50 years in Taiwan.

up patients age 50 to 59 years in Taiwan.
(RV
n gro
atients than in the control group. The authors suggested

OPHTHALMOLOGY FEBRUARY 2009
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hat patients with retinal vascular obstruction (including
VO) should be ranked as a moderate risk group for stroke.
urthermore, patients with retinal vascular obstruction
nd hypertension were in a high-risk group for stroke. In a
opulation-based study utilizing pooled data from the
therosclerosis Risk in Communities Study and the Car-

iovascular Health Study, it was found that RVO was
ssociated with carotid artery plaque, which was a poten-
ial source of ischemic stroke.13 On the other hand, recent
ata from another population-based study did not confirm
uch an association.14

There are several other studies that focused on the issue
f whether RVO is associated with an increased cerebro-
ascular or overall mortality. Rubinstein and Jones15 fol-

IGURE 3. Stroke-free survival rates for RVO and compariso

IGURE 4. Stroke-free survival rates for RVO and compariso
owed the long-term prognosis in 143 RVO patients and t

RETINAL VEIN OCCLUSOL. 147, NO. 2
ound that the number of deaths from vascular disease—
erebral or cardiac—was about double the national figure.
n a study of 191 CRVO patients, Elman and associ-
tes16 found that the mortality was not higher in CRVO
atients.
Utilizing the pooled data from two population-based

ohorts, Cugati and associates17 found that RVO was not
ssociated with cerebrovascular-related mortality among
articipants of all age groups, although it was found in men
hat the presence of RVO was associated with a nonsig-
ificant 2.3-fold higher risk of cerebrovascular mortality

or all ages. It should be noted that only 96 RVO patients
ere collected in that study, and seven of them died of
erebrovascular diseases. A truly statistically significant

up patients age 60 to 69 years in Taiwan.

up patients age >70 years in Taiwan.
n gro
n gro
rend might be masked when the case number is not large
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nough. Therefore, the possibility that RVO patients had
significantly higher risk of cerebrovascular mortality

annot be excluded based only on the results of that study.
n another population-based study (Beijing Eye Study18),
hich analyzed 61 RVO patients at baseline from 4,335

ubjects, RVO was significantly associated with an in-
reased overall mortality rate in subjects �70 years or �65
ears old. In contrast, another study examining 329 BRVO
atients from two secondary referral centers in Denmark
ound no significant difference in mortality between
RVO patients and the background population in all age
roups.18 It must be noted that stroke mortality (or overall
ortality) is not equal to stroke development when inter-

TABLE 3. Adjusted Hazard Ratioa and 95% Confidence Inter
Period for Retinal Vein Occlusion Patient

Variable

All

(n � 2,450)

HR, 95% CI

Cohort

Retinal vein occlusion 1.01 (0.65 to 1.57)

Comparison group (reference group) 1.00

Gender

Male 1.06 (0.87 to 1.30)

Female (reference group) 1.00

Geographic region

Northern (reference group) 1.00

Central 1.35 (1.07 to 1.72)

Southern 0.99 (0.77 to 1.27)

Eastern 1.53 (0.86 to 2.73)

Hypertension

Yes 2.05c (1.45 to 2.90)

No (reference group) 1.00

Diabetes

Yes 1.20 (0.82 to 1.75)

No (reference group) 1.00

Hyperlipidemia

Yes 1.40 (0.91 to 2.15)

No (reference group) 1.00

Renal disease

Yes 1.17 (0.70 to 1.93)

No (reference group) 1.00

Age (yrs)

�50 (reference group) 1.00

50 to 59 1.96c (1.19 to 3.22)

60 to 69 4.80d (3.07 to 7.53)

�70 7.09d (4.54 to 11.1)

CI � confidence interval; HR � hazard ratio; yrs � years.
aAdjusted for patients’ gender, geographic region, hypertension,
bP � .05.
cP � .01.
dP � .001.
reting the results of these studies. w

AMERICAN JOURNAL OF88
The workforce of ophthalmologists is adequate on the
elatively small island of Taiwan, with an ophthalmologist-
o-population ratio of 1:14 375 (cf 1:23 523 in the United
ingdom19). The barrier to medical access is negligible
ecause the NHI System in Taiwan allows patients to visit
ny ophthalmology clinic or department of ophthalmology
f any hospital freely without referral by a general practi-
ioner, and patients pay only about US $5 to 15 at each
isit (the per capita gross national product for Taiwan was
S $14,721 in 200020). In view of the severity of the RVO

isorder and the above-mentioned factors, we believe most
atients with RVO would seek medical help soon after
isease onset, and the number of untreated RVO cases

r the Development of Stroke During the Five-Year Follow-up
Comparison Group Patients in Taiwan

Stroke Occurrence

Age Group �50

(n � 392)

Age Group 50 to 59

(n � 504)

Age Group 60 to 69

(n � 791)

HR, 95% CI HR, 95% CI HR, 95% CI

3 (0.73 to 14.35) 0.61 (0.17 to 2.19) 2.34b (1.05 to 5.24)

1.00 1.00 1.00

2 (0.45 to 2.71) 1.16 (0.66 to 2.05) 1.09 (0.78 to 1.51)

1.00 1.00 1.00

1.00 1.00 1.00

0 (0.30 to 4.01) 2.77c (1.34 to 5.72) 1.29 (0.87 to 1.92)

5 (0.70 to 5.45) 2.13b (1.06 to 4.31) 0.79 (0.52 to 1.20)

8 (0.62 to 38.45) 2.42 (0.47 to 12.50) 1.96 (0.76 to 5.05)

8 (0.10 to 2.35) 2.66 (0.95 to 7.46) 1.88b (1.08 to 3.28)

1.00 1.00 1.00

8 (0.15 to 5.10) 0.69 (0.25 to 1.96) 1.00 (0.55 to 1.82)

1.00 1.00 1.00

9 (0.45 to 16.09) 2.22 (0.74 to 6.68) 1.31 (0.66 to 2.61)

1.00 1.00 1.00

4 (0.16 to 7.02) 1.97 (0.60 to 6.42) 0.87 (0.39 to 1.93)

1.00 1.00 1.00

tes, hyperlipidemia, and renal disease.
val fo
s and

3.2

1.1

1.1

1.9

4.8

0.4

0.8

2.6

1.0

diabe
ould be small. This small number of untreated RVO cases
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ould be categorized as non-RVO and would have a small
hance of being selected as a part of the comparison
ohort. This would minimally reduce the power of analysis.
owever, this study limitation also existed in previous
ospital-based studies7,8 in which the patients sought
edical help after they noted the onset of RVO, and the

omparison group included subjects whose retinas were not
xamined. Besides, the interval between the RVO occur-
ence and the presentation of the patients for examination
n our study would be similar to or shorter than that of
revious hospital-based studies.7,8 In the NHI System of
aiwan, for the purpose of auditing, the physician must key

he diagnosis into the computer system during each med-
cal visit and the data are sent to the NHI Bureau on-line
mmediately. Therefore, there will be no discrepancy in
he date of actual visit and the date recorded in the
ational health statistics data.
The pathogenesis of RVO remains unclear but may be
ultifactorial. The postulated causes include thrombosis in

enules resulting from compression by an adjacent athero-
clerotic arteriole, local alteration to blood flow from
nfavorable physiological conditions, or hematological
bnormalities.21–25 Retinal blood vessels share similar an-
tomic, physiological, and embryological characteristics to
erebral vessels. The retina is an extension of the dien-
ephalon, and possesses a blood-retinal barrier that is
nalogous to the blood-brain barrier.26 Pathologic changes
n the retinal vessels may reflect similar changes in cerebral
essels.27 In addition, retinal vessels are unique in that
hey can be noninvasively and directly examined in vivo.
xamination of signs in the retina might be a safe and easy
ay to help evaluate the risk of stroke and related
erebrovascular diseases. Our results that RVO occurrence
as associated with a 2.34-fold higher risk of stroke
evelopment in the 60- to 69-year age group supports this
iew.
The underlying pathophysiological mechanisms respon-

ible for RVO development may be dissimilar in different
ge groups. For example, retinal vasculitis (inflammation of
he vessel) is an important cause of RVO in young adults.28

n the other hand, RVO in the elderly may be more
elated to atherosclerotic changes of neighboring arte-
ioles. It is possible that some of the underlying pathophys-
ological mechanisms (eg, atherosclerosis of all vessels in
he entire body) have a stronger association with stroke
evelopment than others (eg, retinal vasculitis). There-
ore, it is possible (or reasonable) that there is an age
ifference regarding the association of RVO with stroke.
t is suggested that further study be performed to clarify
he mechanisms involved in the higher risk of develop-
ng stroke in RVO patients of the 60- to 69-year age
roup.

The findings of this study need to be interpreted in the
ontext of the following limitations. First, diagnoses of
VO, stroke, or any other comorbid medical conditions
hat were totally dependent upon ICD codes may be less o

RETINAL VEIN OCCLUSOL. 147, NO. 2
ccurate than those obtained through a standardized pro-
edure. This is a major limitation of this study as compared
o studies that used standardized grading of retinal photo-
raphs. However, the NHI Bureau of Taiwan randomly
amples a fixed percentage of claims from every hospital
nd randomly interviews patients and reviews charts each
ear to verify the diagnosis validity and the quality of care.
ny hospital with outlier charges or outlier practice

atterns or that is suspected of malpractice faces the risk of
n audit and subsequent heavy penalties by the NHI
ureau when discrepancies, overcharging, or malpractice
re discovered. Second, the study found no association of
VO with stroke in the total sample, except in the 60- to
9-year subgroup. This may be attributable to chance. On
he other hand, another possibility is that there were only
pproximately 10 stroke cases in the �50- and 50- to
9-year age groups, and only the 60- to 69-year age group
ay have had sufficient power to detect the association.

urther studies should be performed to confirm or refute
ur findings. Third, data on some variables, such as
moking, dietary habits, and body mass index, which might
ontribute to stroke development, were not available in
ur database. In addition, data on blood pressure and blood
lucose levels were not available. Simply including hyper-
ension and diabetes in the model might not adequately
djust for the confounding effects of blood pressure and
lood glucose levels. These factors may have compromised
ur findings. Fourth, we used the ICD-9-CM diagnosis
ode 362.35 (CRVO) as the definition for CRVO and the
iagnosis code 362.36 (venous tributary [branch] occlu-
ion) as the definition for BRVO, with these two codes
omprising RVO as a whole. However, since this was a
etrospective study and the diagnosis codes were deter-
ined by a variety of doctors, we have reason to believe

hat some of the CRVO and BRVO cases may have been
iven one of the more nonspecific diagnosis codes, includ-
ng 362.3 (RVO) or 362.30 (RVO, unspecified). Such
actors were, however, unlikely to invalidate our findings
ince less specific diagnoses would be expected to be
ndependently given to RVO patients who would develop
troke and those who would not develop stroke in the
ollow-up period. Fifth, most of the residents in Taiwan are
f Chinese ethnicity. Generalizability of the results to
ther racial/ethnic group is unclear given that strokes
n Chinese/Asians might not be similar to strokes in
ther ethnic groups. Finally, our data only allowed us to
race the medical history of the sampled patients back to
he year 1996. We cannot be certain that patients in the
omparison group had no RVO prior to three years
efore the study baseline date. This could compromise
ur findings.
In summary, this study demonstrates that although

VO was not associated with an increased risk of
ubsequent stroke development among subjects of any
ge, RVO is a significant predictor for the development

f stroke after adjusting for possible confounding factors
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roups, or a lack of power in the �70-year group.
urther studies are expected to see if our data can be
eplicated and to help clarify the underlying pathophys-
ological mechanisms of RVO and their associations

ith stroke development.
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