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Abstract
Objectives To evaluate whether intravitreal injections (IVI) of anti-vascular endothelial growth factor (anti-VEGF) in
neovascular age-related macular degeneration (nAMD) patients with prior stroke or acute myocardial infarction (AMI) are
associated with increased mortality.
Methods From 2005 to 2013, nAMD patients in the Taiwan National Health Insurance Research Database who received IVI
of anti-VEGF and had a diagnosis of stroke/AMI prior to their first injections were defined as the IVI group. The mortality of
the IVI group during the study period was compared to that of the non-IVI group, which consisted of nAMD patients who
had prior stroke/AMI but were never exposed to anti-VEGF. The IVI group and the non-IVI group were 1–4 matched
according to propensity score (PS), which was derived from age, sex, date of stroke/AMI and comorbidities. PS-adjusted
Cox regression analyses were used to estimate the hazard ratio (HR) for mortality associated with IVI of anti-VEGF.
Subgroup analyses were also performed according to the interval between stroke/AMI and IVI (≤6 months, 6 months to
1 year, 1–2 years, >2 years).
Results There were 3384 individuals in the IVI group and 13,536 individuals in the non-IVI group. The IVI group had a
significantly higher mortality risk (adjusted HR= 2.37; 95% confidence interval (CI), 2.14–2.62) than the non-IVI
group. Subgroup analyses revealed that elevated mortality was significant when anti-VEGF was injected within 1 year after
stroke/AMI.
Conclusions We found an increased mortality risk associated with IVI of anti-VEGF in nAMD patients with prior stroke/
AMI compared to the mortality risk of nAMD patients with prior stroke/AMD but without exposure to anti-VEGF.

Introduction

Neovascular age-related macular degeneration (nAMD) is
characterized by abnormal choroidal vessels growing into
the sub-retinal pigment epithelial or sub-retinal space,
leading to exudate and haemorrhage that impair vision.
Since vascular endothelial growth factor (VEGF) stimulates
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the process of neovascularization, intravitreal injections
(IVI) of anti-VEGF could inhibit the formation of neo-
vessels in the eye and slow exudation and haemorrhage in
the macula. Currently, the most commonly used anti-VEGF
agents are bevacizumab, ranibizumab and aflibercept. For
nAMD, IVI of anti-VEGF protect 90–95% of patients from
a clinically significant decrease in visual acuity, and
33–40% of patients even perceive a clinically significant
improvement [1, 2].

Although VEGF plays a key role in the pathogenesis of
nAMD, it is essential in the restoration of the damaged
vascular endothelium [3]. By blocking VEGF, arterial
thromboembolic events (ATEs) such as stroke and acute
myocardial infarction (AMI) may occur, leading to
increased mortality [4–9]. Previous studies have revealed an
increased risk of ATEs in patients receiving systemic
(intravenous) bevacizumab treatment for malignant carci-
noma [4–7]. IVI of anti-VEGF, at a much lower dose than
systemic injection, has been found to increase the incidence
of ATEs [8] and mortality [9] in some studies. However,
more randomized control trials, observational studies, and
meta-analyses revealed no significantly increased risk for
severe systemic adverse events or mortality among patients
receiving IVI of anti-VEGF [10–15]. The inconsistent
results may be due to discrepancies in study design, inclu-
sion/exclusion criteria and confounders. In addition, most of
these studies included only those who had no stroke/AMI
prior to IVI; thus, we could not determine the systemic
safety of intravitreal anti-VEGF among those who had
previous stroke/AMI. Since patients suffering from stroke/
AMI have a damaged or vulnerable vascular system [3],
angiogenesis has even more important role in tissue remo-
delling. Anti-VEGF, blocking the angiogenesis in these
patients, might induce a deleterious outcome. To the best of
our knowledge, only two population-based studies in Israel
focused on the patients with previous stroke/AMI and found
higher mortality risks after IVI of anti-VEGF [16, 17].

Therefore, in our study, we aimed to investigate mor-
tality after IVI of anti-VEGF among nAMD patients with a
past history of stroke/AMI. By comparing these patients
with nAMD patients who also had prior stroke/AMI but
never received IVI of anti-VEGF, we could determine
whether IVI of anti-VEGF would significantly increase the
risk of mortality in nAMD patients with prior stroke/AMI.

Materials and methods

Data source

Our study was approved by the ethics committee of Yang-
Ming University Hospital (2015A018). The population-
based study retrieved medical records since 1996 from the

Taiwan National Health Insurance Database (NHIRD),
which includes heath care information for all 23 million
residents in Taiwan. The database was collected by the
National Health Insurance Administration and was released
for the purpose of research. All the data were de-identified
and scrambled; therefore, the requirement for informed
consent was waived by the regulation of the Institutional
Review Board.

Inclusion and exclusion criteria

The study period was from January 1, 2005 to December
31, 2013. We identified patients treated with IVI of anti-
VEGF for nAMD during the study period. They had to have
stroke/AMI before IVI. Those treated with IVI of anti-
VEGF from 1996 to the end of 2004 were excluded to
ensure that patients enroled had their first injection during
the study period. The date of the first injection of each
patient during the study period was defined as the index
date (the date of enrolment). These patients were classified
into the IVI group. To ensure these patients received IVI of
anti-VEGF because of nAMD, they should have nAMD as
the principal diagnosis (the first diagnosis in the columns of
diagnoses) on the date of IVI. This is because of the reg-
ulation of our National Health Insurance Administration
that the indication of procedure/operation is presented as the
principal diagnosis in the claimed data.

Then, we used the propensity score (PS) matching
method to enrol controls from the population of patients
who had a history of stroke/AMI and never received IVI of
anti-VEGF. Four controls were matched to each patient in
the IVI group according to PS and the date of stroke/AMI.
In addition, the index date (date of enrolment) of each
control was matched to the index date of the corresponding
patient in the IVI group. The controls were classified into
the non-IVI group. PS was computed from age, sex and
comorbidities such as diabetes mellitus, hypertension,
hyperlipidaemia, congestive heart failure, renal failure,
obesity and smoking (or chronic obstructive pulmonary
disease (COPD)). Because these factors were reported to
have an impact on both AMD and mortality, they had to be
adjusted as confounders. We merged patients with COPD
with those had smoking on purpose of multivariate cox
regression analysis. If the IVI group and the non-IVI group
were well-matched according to the PS, these confounders
would be well-controlled and balanced between the two
groups.

Statistical analysis

The IVI group and the non-IVI group composed the study
cohort. The patients were followed from the index date to
the death date or to the end of 2013, whichever came first.
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First, the characteristics of the two groups were presented
according to age, sex, diabetes mellitus, hypertension,
hyperlipidaemia, congestive heart failure, renal failure,
obesity, smoking, PS and follow-up time. For continuous
variables, the mean and standard deviation were calculated,
and group differences were analysed using the two-sample
t-test. For categorical variables, frequencies and percentages
in the two groups were compared using the chi-square test.
The cumulative incidences of mortality during the follow-
up period were also assessed and compared between the two
groups.

Second, the incidence density of mortality was calcu-
lated separately in the two groups. The hazard ratio (HR)
for mortality was then derived from Cox regression ana-
lysis after adjustment for PS. Subsequently, the interval
between the date of stroke/AMI and the index date was
calculated and was categorized into four levels
(≤6 months, 6–12 months, 1–2 years and >2 years). Each
person in our study cohort was classified into subgroups
1–4 according to the categorized interval levels (subgroup
1: ≤6 months; subgroup 2: 6–12 months; subgroup 3: 1–2
years; subgroup 4: >2 years). Subgroup analyses were
performed to derive the HR for mortality corresponding to
each interval.

Third, we performed two sensitivity analyses. In sensi-
tivity analysis 1, patients with diabetes were excluded. Then
the incidence density of mortality in the IVI group and the
PS-matched non-IVI group was calculated. Cox regression
analysis was used to derive the HR for mortality after
adjustment of PS. In sensitivity analysis 2, the non-IVI
group was matched to the IVI group on age, sex and index
date, but not on the comorbidities. We derived the differ-
ences in comorbidities between the two groups. Multi-
variate Cox regression was applied to calculate the risk for
mortality according to IVI of anti-VEGF after adjustment of
age, sex and comorbidities. A p value < 0.05 was considered
to be statistically significant. All statistical operations were
performed using SAS statistical package, version 9.2 (SAS
Institute, Cary, NC, USA).

Results

Demographic and clinical characteristics of the
study sample

A total of 16,920 subjects were included in the study.
Among the study cohort, 3384 received IVI of anti-VEGF
(the IVI group), and 13536 PS-matched controls did not
receive anti-VEGF (the non-IVI group). Table 1 shows the
demographic and clinical characteristics of the two groups.
Since the two groups were well-matched according to the
PS, they were similar in age, sex and comorbidities. The

mean age was 69.9 years. Males constituted 31.2% of the
study cohort. High prevalence of some comorbidities was
found in both groups. Nearly 36% had diabetes mellitus,
81% had hypertension and 56% had hyperlipidaemia. Those
who smoked accounted for almost 45% of the study cohort.
The proportion of anti-platelet and anti-coagulation drugs
use was similar in the two groups (88.6% in the IVI group
vs. 89.1% in the non-IVI group; p= 0.36). During the
follow-up period, the cumulative incidence of mortality was
significantly higher in the IVI group (16.8%) than in the
non-IVI group (8.0%).

Table 1 Characteristics of the study subjects.

Variable IVI group
n= 3384

Non-IVI group
n= 13536

p value

n (%) n (%)

Age, year, (mean ± SD) 69.9 ± 9.3 69.9 ± 9.3 1.00

Sex 1.00

Male 1056 (31.2) 4223 (31.2)

Female 2328 (68.8) 9313 (68.8)

Diabetes mellitus 0.90

Yes 1222 (36.1) 4906 (36.2)

No 2162 (63.9) 8630 (63.8)

Hypertension 0.86

Yes 2749 (81.2) 10976 (81.1)

No 635 (18.8) 2749 (18.9)

Hyperlipidaemia 0.98

Yes 1885 (55.7) 7536 (55.7)

No 1499 (44.3) 6000 (44.3)

Congestive heart failure 0.95

Yes 409 (12.1) 1632 (12.1)

No 2975 (87.9) 11904 (87.9)

Renal failure 0.76

Yes 384 (11.4) 1564 (11.6)

No 3000 (88.6) 11972 (88.4)

Obesity 0.92

Yes 31 (0.9) 128 (1.0)

No 3353 (99.1) 13408 (99.0)

Smoking 0.80

Yes 1498 (44.3) 6028 (44.5)

No 1886 (55.7) 7508 (55.5)

Anti-platelet and anti-
coagulation drugs

2997 (88.6) 12063 (89.1) 0.36

Propensity score 0.014 ± 0.013 0.014 ± 0.013 >0.99

Follow-up time, year,
(mean ± SD)

2.3 ± 1.9 2.6 ± 1.9 <0.0001

Cumulative incidence of
mortality during the
follow-up period

568 (16.8) 1088 (8.0) <0.0001

Data are presented as the mean ± standard deviation or n (%).

IVI intravitreal injections, SD standard deviation.
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Mortality risk

Table 2 displays the incidence density of mortality with
regard to the IVI group and non-IVI group. Their mortality
rates were 732.73 and 309.24 per 10,000 years, respectively.
The Cox regression after adjusting for PS yielded a sig-
nificantly higher hazard of mortality for the injection group
(HR= 2.36, with a 95% confidence interval (CI) 2.13–2.61).

Subgroup analysis

Figure 1 shows the HRs for mortality of IVI compared to
non-IVI, calculated separately according to categorized
interval levels (subgroup 1: ≤6 months; subgroup 2:
6–12 months; subgroup 3: 1–2 years; subgroup 4: >2 years).
In subgroup 1 and subgroup 2, those receiving IVI of anti-
VEGF had a significantly higher risk of mortality with
adjusted HRs of 4.84 (95% CI, 3.99–5.90) and 3.55 (95%
CI, 2.67–4.68), respectively. However, if anti-VEGF was
injected more than 1 year after stroke/AMI, it did not have a
significant impact on mortality. The HRs for mortality in
subgroup 3 and subgroup 4 were 1.34 (95% CI, 0.97–1.83)
and 1.06 (95% CI, 0.86–1.29), respectively.

Sensitivity analyses

In sensitivity analysis 1, only patients without diabetes were
included. Table 3 shows the incidence density of mortality
in the IVI group and the non-IVI group (689.83/10,000
years vs. 308.69/10,000 years, respectively). The HR
derived from Cox regression was 2.24 (95% CI, 1.96–2.54).

In sensitivity analysis 2, characteristics of the IVI group
and the age- and sex-matched non-IVI group were compared.
Supplementary Table 1 displays the differences in the pre-
valence of comorbidities between the two groups. Age- and
sex-matched non-IVI group had significantly higher propor-
tions of diabetes, congestive heart failure and smoking than
the IVI group. However, renal failure was significantly more
prevalent in the IVI group. The use of anti-platelet and anti-
coagulation drugs was 88.6% in the IVI group and 89.2% in

the age- and sex-matched non-IVI group (p= 0.31). During
the follow-up period, the mortality rate was 16.8% in the IVI
group, which was significantly higher than the 5.9% in the
non-IVI group. Table 4 shows the HRs for mortality
according to each covariates in the multivariate Cox regres-
sion. Age, male gender, diabetes, hypertension, hyperlipi-
daemia, congestive heart failure, renal failure, obesity and
smoking significantly increased the mortality risk; so did the
IVI of anti-VEGF (HR= 2.22; 95% CI, 1.89–2.59).

Discussion

This study reveals that among the nAMD patients with prior
stroke/AMI, those who received IVI of anti-VEGF have a
significantly higher mortality rate than those without any
anti-VEGF injections (adjusted HR= 2.37; 95% CI,
2.14–2.62). The risk of mortality is more prominent if anti-
VEGF is injected within 1 year after stroke/AMI.

Table 2 Risk of mortality in patients with and without IVI of anti-
VEGF.

Clinical outcome IVI group
n= 3384

Non-IVI group
n= 13,536

Mortality

Event 568 1088

Incidence density 732.73 309.24

Adjusted HR 2.36 (2.13–2.61) Reference

Adjusted HR was calculated after adjustment of propensity score; the
unit of incidence density: per 10000 years.

IVI intravitreal injection, HR hazard ratio.

Fig. 1 Risk of mortal according to interval between stroke/AMI
and IVI of anti-VEGF. IVI intravitreal injections, anti-VEGF anti-
vascular endothelial growth factor.

Table 3 Risk of mortality in patients without diabetes (sensitivity
analysis 1).

Clinical outcome IVI group
n= 3384

Non-IVI group
n= 13,536

Mortality

Event 345 672

Incidence density 689.83 308.69

Adjusted HR 2.24 (1.96–2.54) Reference

Adjusted HR was calculated after adjustment of propensity score; the
unit of incidence density: per 10000 years.

IVI intravitreal injection, HR hazard ratio.
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IVI of anti-VEGF have become the first-line treatment for
most cases of nAMD. A Cochrane systemic review published
in 2019 showed the effectiveness of this therapy to maintain
visual acuity [18]. However, several studies have assessed
anti-VEGF agent in plasma and reported a reduced VEGF
level in serum following IVI of anti-VEGF [19–24]. There-
fore, concern of anti-VEGF over systemic adverse effects is
necessary. Fortunately, in the MARINA and PIER rando-
mized controlled trials, the incidence of stroke, myocardial
infarction and mortality was not found to be elevated sig-
nificantly following IVI of anti-VEGF for nAMD [1, 25].
Similarly, studies based on population health databases in the
USA and Singapore revealed no statistically significant
changes in all-cause mortality following IVI of anti-VEGF
among nAMD patients [26, 27]. It is noteworthy that these
studies excluded patients with prior stroke/AMI, who are more
prevalent among the nAMD group and have a greater pre-
disposition to mortality. Exclusion of these high-risk patients
might decrease the mortality rate, thus making the difference
in mortality between the IVI and non-IVI groups non-
significant. Therefore, if we want to evaluate the impact of IVI
of anti-VEGF on mortality among nAMD patients in the real
world, it is appropriate to include those with prior stroke/AMI.

Hanhart et al. in 2017, based on the Israel Clalit Health
database, evaluated the mortality rate of nAMD patients.
Among them, 5385 received IVI of anti-VEGF (IVI group),
and 10756 were age- and sex-matched controls (non-IVI
group) [28]. In contrast to previous studies, Hanhart did not
exclude patients with previous stroke/AMI. During the 6-
year study period, 19.7% in the IVI group died, which was

significantly higher than the 12.1% mortality rate in the
non-IVI group (p value < 0.0001). After adjusting for con-
founders, the IVI group still had a significantly higher
mortality rate (HR= 1.69; 95% CI, 1.54–1.84). Moreover,
the same research team published another two papers
focusing on nAMD patients with prior stroke and prior
AMI, respectively [16, 17]. Compared with the age- and
sex-matched controls (non-IVI group), those with IVI of
anti-VEGF had a significantly higher risk of mortality
(adjusted HR= 1.44 and 1.71, respectively). The findings
that IVI of anti-VEGF increases the risk of mortality among
nAMD patients with prior stroke/AMI are compatible with
the findings of our study.

One of the strengths of our study is that we included nAMD
patients with prior attacks of either stroke or AMI. Stroke and
AMI are both critical vascular diseases leading to high risks of
mortality. It is reasonable to postulate that the systemic effects
of intravitreal anti-VEGF might further hinder the recovery of
vascular damage and thus increase mortality. In addition,
stroke and AMI have similar underlying risk factors and would
be better considered as a whole. Therefore, our study focused
on nAMD patients with prior stroke or AMI.

Another strength of our study is that we tried our best to
reduce the confounding effects. In our study design, both
the IVI group and non-IVI group had a diagnosis of nAMD
and a past history of stroke/AMI at baseline. In addition, the
non-IVI group was 1:4 PS-matched with the IVI group. In
other words, the two groups were well-matched for age, sex
and comorbidities, not only for age and sex. With the
comprehensiveness of our NHIRD, these variables were
available and accessible. This would decrease the con-
founding effects and increase the comparability between the
two groups. The Cox regression adjusted for PS could also
reduce the confounding effects.

Another strength of our study is that mortality was
computed for different intervals between stroke/AMI and
IVI. Our study revealed a higher risk of mortality when the
interval was shorter. We also found that if the interval is
more than 1 year, a significant increase in mortality does not
exist. Our findings are compatible with those of a previous
study conducted by Hanhart et al. [16]. Thus, IVI of anti-
VEGF might be safer if it is performed more than 1 year
after stroke/AMI than within 1 year. The significantly
higher mortality when anti-VEGF was injected within 1
year after stroke/AMI may be due to the susceptibility to
systemic adverse events in this stage. Patients with recently
occurring stroke/AMI have worse vascular stability and a
more fragile systemic status. Therefore, they are more
susceptible to the harmful effects of anti-VEGF. On the
other hand, a longer period after stroke/AMI leads to vessels
and the whole body being healthier than when they were in
the acute crisis stage; thus, they are stronger to survive even
though anti-VEGF induces some side effects.

Table 4 Risk factors for mortality in sensitivity analysis 2.

Variables Multivariate analysis

Adjusted HR
(95% CI)

p value

Age group, year

<60 Reference

60–75 1.95 (1.46–2.61) <0.0001

≥75 3.13 (2.10–4.49) <0.0001

Sex (male vs. female) 1.31 (1.15–1.50) <0.0001

IVI of anti-VEGF 2.22 (1.89–2.59) <0.0001

Diabetes 1.56 (1.40–1.75) <0.0001

Hypertension 1.42 (1.30–1.56) <0.0001

Hyperlipidaemia 1.15 (1.10–1.20) <0.0001

Congestive heart failure 1.86 (1.63–2.11) <0.0001

Renal failure 1.26 (1.08–1.47) 0.003

Obesity 1.27 (1.09–1.85) 0.03

Smoking 1.49 (1.33–1.67) <0.0001

Anti-platelet and anti-
coagulation drugs

0.96 (0.81–1.13) 0.60

IVI intravitreal injections, CI confidence interval.
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Our study has some limitations. First, some variables,
such as visual acuity and dietary habits, are not recorded in
our NHIRD. This may result in residual confounding. More
prospective clinical studies are necessary to solve this pro-
blem. Second, we assessed all-cause mortality as an out-
come, not cause-specific mortality. The reason is that some
deaths are difficult to classify as being from a specific cause
in our database. For example, when a patient with both
neoplasm and cerebrovascular accident died, we cannot
differentiate the direct cause of death from our database.
Therefore, we adopted all-cause mortality to avoid mis-
classification. Further large epidemiologic studies will be
conducted to differentiate the impact of anti-VEGF on
cause-specific mortality. Third, we retrieved patients
receiving anti-VEGF injections through the procedure
codes, but we could not differentiate what kind of anti-
VEGF the patients received. These are the inherent draw-
backs of our database. Further clinical studies are necessary
in order to include this information.

In the sensitivity analysis 1, we focused on the popula-
tion without diabetes because we wanted to derive the
impact of anti-VEGF on patients with nAMD. Patients with
diabetes may also receive IVI of anti-VEGF due to diabetic
retinopathy, thus they were excluded in order to make sure
those receiving IVI of anti-VEGF were under the indication
of nAMD. The significantly higher risk of mortality after
IVI of anti-VEGF in nAMD patients without diabetes
convinces us that it is a true phenomenon.

In the sensitivity analysis 2, we used age- and sex-
matched controls instead of PS-matched controls as the non-
IVI group; thus, the impact of comorbidities as well as IVI
of anti-VEGF on the mortality risk could be computed in
the multivariate Cox regression. The result that IVI of anti-
VEGF remained a significant risk factor of mortality implies
the association actually exists.

Due to the retrospective study design, we cannot conclude
the causal relationship between IVI of anti-VEGF and
increased mortality. However, we can still evaluate the pos-
sible association. Our study reminds ophthalmologists that if a
nAMD patient has prior stroke/AMI requiring IVI of anti-
VEGF, we have to confirm that the systemic conditions of the
patient are being treated appropriately by physicians. Oph-
thalmologists should also be very cautious when performing
IVI of anti-VEGF in these high-risk patients.

Conclusions

Currently, IVI of anti-VEGF has become the mainstay of
treatment for nAMD. Our study, based on 9 years of
NHIRD, revealed that treatment may be associated with an
increased risk of mortality (adjusted HR= 2.37; 95% CI,
2.14–2.62) among nAMD patients with prior stroke/AMI.

Therefore, ophthalmologists should carefully weigh the
benefits and harms of anti-VEGF and emphasize the need
for surveillance for systemic adverse effects.

Summary

What was known before

● In the MARINA and PIER randomized controlled trials,
the mortality was not found to be elevated significantly
following IVI of anti-VEGF for nAMD.

● Studies based on population health databases in the
USA and Singapore revealed no statistically significant
changes in all-cause mortality following IVI of anti-
VEGF among nAMD patients.

● However, previous studies excluded patients with
previous stroke or AMI. Therefore, we could not
determine the systemic safety of intravitreal anti-
VEGF among those who had previous stroke/AMI.

What this study adds

● We included nAMD patients with prior attacks of either
stroke or AMI. We found that those who received IVI of
anti-VEGF have a significantly higher mortality rate
than those without any anti-VEGF injections.

● In our statistical analyses, we used the propensity
matching method and Cox regression to reduce the
confounding effects.

● We further found that the risk of mortality is more
prominent if anti-VEGF is injected within 1 year after
stroke/AMI.
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