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ABSTRACT
Aim: Using a nationwide population-based dataset, this
study investigated the relationship between retinal vein
occlusion (RVO) and subsequent acute myocardial
infarction (AMI).
Methods: This study is based on a nationwide database
released by the Taiwan National Health Research
Institute. The study cohort consisted of all ambulatory
care patients who were diagnosed as having RVO during
2000,2003 (n = 591), while the control cohort com-
prised 2955 randomly selected patients extracted from
the same dataset; five patients for every RVO patient,
matched by age and gender. Each patient was individually
tracked for 3 years from their index ambulatory care visit.
Cox proportional hazard regressions were performed to
compute the adjusted 3-year AMI-free survival rates,
comparing these two cohorts.
Results: RVO patients had a significantly higher rate of
AMI (1.86% vs 0.78%) during the 3-year follow-up period
than patients in the comparison group (p = 0.032).
However, after adjusting for the patients’ gender, age,
geographic region and comorbid medical disorders, there
was no significant difference between the central retinal
vein occlusion, branch retinal vein occlusion patients and
the comparison group in terms of the hazard of AMI
during the 3-year follow-up period.
Conclusion: RVO did not independently increase the risk
of AMI.

Retinal vein occlusive (RVO) disorders, including
central retinal vein occlusion (CRVO) and branch
retinal vein occlusion (BRVO), constitute a major
cause of severe vision impairment and blindness.1–3

The reported prevalence of RVO ranges from 0.3%
to 1.6%.4–7 Although the life expectancy of patients
with retinal vein occlusion is not shortened,8 9 over
50% of deaths occur in the 6 years immediately
following the onset of RVO,8 and the proportion of
deaths by myocardial infarction is increased.4 8 9

Most studies on the topic to date have taken
myocardial infarction mortality as the outcome
indicator, an approach which may underestimate
episodes of myocardial infarctions.4 8–10 Although
Martin et al calculated coronary heart disease risk
(cCHDR) using Framingham algorithms showing
increased risk of future cardiovascular disease for
RVO patients,11 without actual clinical data, they
could not prove it. Furthermore, most studies have
tended to use regional samples, or data from a few
hospitals or select subpopulations of patients,4 8 12

and as such do not permit unequivocal conclusions.
Using a nationwide population-based dataset

from Taiwan, this study investigated the rate of
RVO and subsequent risk of acute myocardial
infarction (AMI). Based on the previous literature,

we hypothesised that RVO would be a significant
predictor of AMI.

METHODS
Database
This study used a nationwide database released by
the Taiwan National Health Research Institute
(NHRI) in 2007. The NHI database contains
inpatient expenditures per admission, ambulatory
care expenditures per visit, details of ambulatory care
orders as well as a registry of those insured from 1996
to 2006. The NHRI used a systematic, random
sampling method to extract a representative database
from the entire dataset in 2005. This database
comprises 1 073 891 random subjects, about 5% of
all enrollees (n = 22 717 053) in the National Health
Insurance programme. There were no statistically
significant differences in age, gender or cost of care
between the sample group and all enrollees.

Study sample
Our study design consists of a study cohort and a
comparison cohort. The study cohort were patients
who sought ambulatory care during 2000,2003,
receiving a diagnosis of RVO (ICD-9-CM codes
362.35 or 362.36) (n = 665). In order to ensure that
cases selected were new episodes and avoiding the
potential confounding factor of chronicity, we
excluded those patients who had been diagnosed as
having RVO during the previous 5-year period
(n = 62) and patients previously diagnosed as having
AMI (ICD-9-CM codes 410) (n = 12). Ultimately, 591
patients were eligible for inclusion inthe study cohort.

Our comparison cohort was extracted from the
same dataset by randomly selecting five patients for
every RVO one, matched by age (,50, 50–59, 60–69
and .69) gender, and the date of their ambulatory
care visits (n = 2955). Patients with a previous
diagnosis of RVO or AMI were excluded. A total of
3546 patients were included in the present study.
Each patient was individually tracked from their
index ambulatory care visit in 2000,2003 until the
end of 2006 to distinguish all who had AMIs.

Regression modelling adjusted for demographic
factors such as patients’ age, gender and the geogra-
phical location of the community inwhich the patient
resided, as well as comorbidities. Comorbidities were
identified from the medical records 6 months before
and after the index ambulatory care visit.

Statistical analysis
The SAS statistical package was used to perform the
analyses in this study. Pearson x2 tests were per-
formed to examine the differences between the two
cohorts in terms of sociodemographic characteristics
and selected comorbid medical disorders. We then
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estimated the 3-year AMI-free survival rate using the Kaplan–
Meier method and used the logrank test to examine differences in
AMI risk for the two cohorts. Cox proportional hazard regressions
were then performed to compute the adjusted 3-year AMI-free
survival rate for these two cohorts, following adjustment for the
variables mentioned above. A level of 0.05 was selected to
determine the significance of predictors in the models.

RESULTS
Table 1 shows the distributions of demographic characteristics
and comorbid medical disorders for these two cohorts. After
matching for age and gender, RVO patients were more likely to
have hypertension (p,0.001), diabetes (p,0.001) hyperlipidae-
mia (p,0.001) and renal disease (p,0.001) as compared with
patients in the comparison group.

Of the total sample of 3546 patients, 33 patients (0.93%)
suffered AMIs during the 3-year follow-up period, 11 (1.86% of
the RVO patients) from the study cohort and 23 (0.78% of
patients in the comparison cohort) from the comparison cohort
(table 2). The logrank test revealed that RVO patients had
significantly lower 3-year AMI-free survival rates than patients
in the comparison group (p = 0.032). The results of the Kaplan–
Meier survival analysis are presented in fig 1.

Table 2 also describes the distribution and crude odds ratios of
AMI during the 3-year follow-up period by type of RVO. It
shows that 3.13% and 1.39% of CRVO and BRVO patients,
respectively, suffered AMIs. The regression analysis reveals that
compared with the comparison group, CRVO patients were
more likely to suffer AMIs (hazard ratio (HR) = 3.27, 95% CI
1.12 to 9.57) during the 3-year follow-up period. However, no
significant difference in the risk of AMIs between BRVO
patients and the comparison group was observed.

Details of the adjusted hazard ratios for AMI, by cohort,
based on Cox proportional hazard regression are shown in

table 3. After adjusting for the patients’ gender, age, geographic
region and comorbid medical disorders, there was no significant
difference between the CRVO, BRVO patients and the
comparison group in terms of the hazard of AMI during the
3-year follow-up period. As expected, patients suffering from
hypertension (HR = 10.30, 95% CI 1.62 to 21.72, p = 0.005) and
hyperlipidaemia (HR = 1.89, 95% CI 1.13 to 3.95, p = 0.039) had
a greater likelihood of AMI.

DISCUSSION
This nationwide population-based study found that RVO
patients had a significantly higher rate of AMI (1.86% vs
0.78%) than patients in the comparison group (p = 0.032)
during a 3-year follow-up period. However, after adjusting for
age, gender and comorbid medical disorders, RVO was no longer
a predictor of AMI (p = 0.369). Our finding is consistent with a
study by Mansour et al, which reported five subjects out of 78
CRVO patients developed AMI at an average follow-up of
2.8 years. Mansour likewise concluded that CRVO patients do
not carry a higher risk of mortality and morbidity than matched
controls derived from national surveys.10

However, our finding is not consistent with other studies
concluding that RVO patients had a higher proportion of
myocardial infarction deaths than the general population.8–10 For
example, Rubinstein et al reported 12 acute myocardial infarction
deaths (41%) out of 29 total deaths during a mean follow-up
period of 9.8 years for the survivor group and 5.4 years for the
deceased—about double the rate of the normal population.9

Tsaloumas et al reported that the percentage of deaths from
myocardial infarction (22 MI deaths out of 95 total deaths) in the
RVO population was significantly higher than among controls
(23.1% vs 14.4%, p,0.05) during a mean follow-up period of
9.08 years.8 When interpreting the results of such studies, it must

Table 1 Demographic characteristics and comorbid medical disorders for retinal vein occlusion and
comparison group patients in Taiwan, 2000–2003 (n = 3546)

Variable

Retinal vein occlusion group Comparison group

p ValueTotal no Column % Total no Column %

Gender 1.000

Male 297 50.3 1485 50.3

Female 294 49.7 1470 49.7

Age (years) 1.000

,50 85 14.4 425 14.4

50,59 131 22.2 655 22.2

60,69 185 31.3 925 31.3

>70 190 32.2 950 32.2

Hypertension ,0.001

Yes 435 736 1449 49.0

No 156 26.4 1506 51.0

Diabetes ,0.001

Yes 193 32.7 694 23.5

No 398 67.3 2261 76.5

Hyperlipidaemia ,0.001

Yes 219 37.1 733 24.8

No 372 62.9 2222 75.2

Renal disease ,0.001

Yes 101 17.1 261 8.8

No 490 82.9 2694 91.2

Geographic region ,0.001

Northern 320 54.2 1975 66.8

Central 129 21.8 427 14.5

Southern 131 22.2 499 16.9

Eastern 11 1.9 54 1.8
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be kept in mind that mortality from myocardial infarction is not
equal to the incidence of myocardial infraction. This could explain
why our findings differ from prior ones.

The pathogenesis of RVO remains unclear but may be multi-
factoral. The finding of association between RVO and hyperch-
olesterolaemia and symptomatic ischaemic heart disease suggests
that RVO may be associated with systemic atherosclerotic
disease.12 Retinal arteriolar sclerotic signs, such as arteriovenous
nicking and focal narrowing, have been shown to be risk factors for
RVO.5 13 RVO typically occurs at arteriovenous crossings where
the arteriole and venule share a common adventitial sheath, and
the sclerotic retinal arteriolar walls may compress underlying
venules.14 This compression in turn can transform the normal
laminar venous blood flow into turbulent flow, facilitating the
formation of venous thrombus and downstream venous occlu-
sion.15 The pathogenesis of AMI is caused by the disruption of
atherosclerotic plaques of the coronary arteries and the ensuing
thrombus formations which result in coronary artery obstruc-
tions.16 So, the occurrence of AMI is directly associated with
coronary artery atherosclerosis, while the occurrence of RVO is
indirectly associated with retinal arteriolar atherosclerosis at the
arteriovenous crossings. We assume this to be the reason why in
this study RVO did not independently increase the risk of AMI.

In our earlier-published report regarding RVO and the risk of
stroke, patients with any type of stroke (ICD-9-CM codes
430,438) were included—specifically, both haemorrhagic and
occlusive type strokes—and we concluded there was no overall
association of RVO with stroke except in the 60–69-year subgroup.
RVO patients age 60–69 years had a 2.34-fold (95% CI 1.05 to
5.24) higher risk of suffering a stroke.17 In this study, RVO did not
independently increase the risk of AMI. The reason why RVO has
different effects on AMI and stroke risk may be partly attributed

to the dual mechanism (haemorrhagic and occlusive) of strokes
rather than the single mechanism (occlusive) of AMI.

One strength of this study is our use of nationwide population-
based data, precluding possible selection bias. We believe that most
patients in Taiwan experiencing RVO search for medical help soon
after disease onset, given (1) the number of ophthalmologists on
the relatively small island of Taiwan (the ophthalmologist-to-
population ratio is 1:14 375, compared with 1:23 523 in the UK),
(2) negligible barriers to medical access (the National Health
Insurance System in Taiwan allows patients to visit any
ophthalmology clinic or hospital department of ophthalmology
freely, without referral by a general practitioner), (3) there are no
waiting lists to see a doctor, (4) patients pay only about $5 to 15
per visit in a country where gross per capita income in the year
2000 was approximately $15 000 18 and (5) the inherent severity
and alarming nature of RVO.

Our findings need to be interpreted in the context of the
following limitations. First, diagnoses of RVO, AMI or any other
comorbid medical conditions that are totally dependent upon
administrative claims data may be less accurate than diagnoses
obtained through a standardised procedure. Second, data on
variables which might contribute to AMI, such as smoking, dietary
habits and body mass index, were not available. Third, we used the
ICD-9-CM diagnosis code 362.35 (central retinal vein occlusion) as
the definition for CRVO and diagnosis code 362.36 (venous
tributary (branch) occlusion) as the definition for BRVO, with
these two codes representing RVO as a whole. However, since this
was a retrospective study, and the diagnosis codes were
determined by a variety of doctors, we have reason to believe
that some patients with CRVO and BRVO may have been given
less specific diagnosis codes, including 362.3 (retinal vascular
occlusion) or 362.30 (retinal vascular occlusion, unspecified).

Figure 1 AMI-free survival rates For
patients with retinal vein occlusions and
comparison cohort in Taiwa.

Table 2 Crude hazard ratios for acute myocardial infarction during the 3-year follow-up period for retinal vein occlusion and comparison group patients
in Taiwan (n = 3546)

Development of acute
myocardial infarction

Comparison group

Retinal vein occlusion

Total Central retinal vein occlusion Branch retinal vein occlusion

No (%) No (%) No (%) No (%)

3-year follow-up period

Yes 23 (0.78) 11 (1.86) 5 (3.13) 6 (1.39)

No 2932 (99.22) 580 (98.14) 155 (96.87) 425 (98.61)

Crude hazard ratio (95% CI) 1.00 2.20* (1.04 to 4.67) 3.27* (1.12 to 9.57) 1.80 (0.73 to 4.45)

*p,0.05.
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Nevertheless, adding these patients (n = 174) into the analyses did
not change our findings.

Fourth, there are patients with asymptomatic RVO occurring
in small veins. These asymptomatic RVO cases can only be
picked up using retinal photography. This study can only
include symptomatic RVO patients. Therefore, there is likely to
be some misclassification of RVO cases and controls in this
study that might bias our results.

Lastly, there were only 34 patients who suffered AMI over a
3-year period. The number is relatively small, and the follow-up
duration is relatively short. Additional studies with larger
samples may be needed to verify our negative findings.

In summary, this study found that RVO patients have a
significantly higher incidence of AMI and lower AMI-free survival
rates during a 3-year follow-up period. After adjusting for possible
confounding factors, however, a diagnosis of RVO was not
associated with an increased hazard of subsequent AMI. Our
findings imply that RVO does not independently increase the
hazard of AMI, but rather the high rates of hypertension and
hyperlipidaemia among RVO patients result in a higher rate of
AMI than the general population. We suggest that RVO patients,
in particular those with other cardiovascular comorbidites, undergo
comprehensive haematological examination to help clinicians
identify those who are potentially at risk of AMI in the near future.

Competing interests: None.
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Table 3 Adjusted hazard ratio and 95% CI for AMI during the 3-year follow-up period for retinal vein
occlusion and comparison group patients in Taiwan

Variable

Acute myocardial infarction attack

Hazard ratio (95% CI) p Value

Cohort

Central retinal vein occlusion 2.33 (0.76 to 7.09) 0.138

Branch retinal vein occlusion 1.17 (0.46 to 2.96) 0.746

Comparison group (reference group) 1.00

Gender

Male 1.89 (0.92 to 3.91) 0.085

Female (reference group) 1.00

Age (years)

,50 (reference group) 1.00

50,59 0.73 (0.13 to 3.99) 0.715

60,69 0.95 (0.19 to 4.62) 0.946

>70 0.96 (0.20 to 4.62) 0.962

Hypertension

Yes 10.30 (1.62 to 21.72) 0.005

No (reference group) 1.00

Diabetes

Yes 0.97 (0.46 to 2.04) 0.930

No (reference group) 1.00

Hyperlipidaemia

Yes 1.89 (1.13 to 3.95) 0.039

No (reference group) 1.00

Renal disease

Yes 1.11 (0.44 to 2.79) 0.821

No (reference group) 1.00

Geographic region

Northern 1.00

Central 0.77 (0.26 to 2.28) 0.640

Southern 1.01 (0.40 to 2.51) 0.991

Eastern (reference group) 1.60 (0.21 to 12.43) 0.652
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