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Association Between Age- Related Macular 
Degeneration and Risk of Heart Failure: A 
Population- Based Nested Case- Control 
Study
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BACKGROUND: Heart failure (HF) is a major health problem worldwide because of its high morbidity and mortality. Recently, the 
role of the microvasculature in HF has gained more attention. Age- related macular degeneration (AMD) is manifested through 
geographic atrophy or the development of neovascularization. However, there are limited data on investigations about the 
association between AMD and HF. The purpose of this study was to examine the association of AMD with the risk of HF in a 
large population- based cohort of men and women.

METHODS AND RESULTS: A nested case- control study using Taiwan’s National Health Insurance Research Database was con-
ducted between 2000 and 2012. Newly diagnosed heart failure cases (n=13 721) and matched controls (n=54 884) in the 
database were recruited. Patients who had ≥2 clinical visits with a diagnosis of AMD at least 1 year before the diagnosis of HF 
were identified as patients with AMD. Conditional logistic regressions were performed to calculate odds ratios and 95% CIs 
to assess the association between AMD and risk of HF. AMD was associated with a 1.58- fold increased risk of HF (95% CI, 
1.16– 1.87) (P<0.001) after adjustment for potential confounders. This significant association was evident in both nonexudative 
and exudative AMD subgroups.

CONCLUSIONS: Our study provides evidence that AMD was associated with an increased risk of HF. Further molecular and 
pathophysiological studies are needed to clarify the underlying pathophysiological mechanisms behind the association of 
AMD with HF.
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Age- related macular degeneration (AMD) is a 
leading cause of visual impairment and severe 
vision loss. It accounts for 8.7% of all blindness 

worldwide and is the most common cause of blind-
ness in developed countries, particularly in people 
aged >60  years.1– 3 There are 2 types of AMD: non-
exudative (dry) and exudative (wet).1,2 The prevalence 
rate of AMD is likely to increase as a consequence of 
exponential population aging. Although the precise 
cause of AMD remains unknown, increasing evidence 

suggests that there are multiple similarities in the risk 
factors and pathogenic mechanisms of both AMD and 
cardiovascular disease (CVD).4– 6 The overlap of risk 
factors between AMD and CVD is remarkable because 
AMD may then be regarded as a predictor of CVD, and 
modifiable risk factors for CVD can be controlled to re-
duce the risk for both AMD and CVD. However, the 
association between AMD and CVD has been scarcely 
defined,7– 13 despite the identification of risk factors 
common to both diseases.
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Heart failure (HF) is a major health problem in 
Western societies because of its high prevalence, 
morbidity, and mortality, comparable to neopla-
sia. Given its chronic characteristic, with frequent 
acute events often requiring hospitalization, HF con-
sumes a huge amount of technical and economic 
resources.14 In 2012, it was responsible for an es-
timated health expenditure of around $31 billion, 
equivalent to >10% of the total health expenditure 
for cardiovascular diseases in the United States. 
Projections are even more alarming, however, with 
total costs expected to increase by 127% between 
2012 and 2030.15 Endothelial dysfunction is a hall-
mark feature of CVD, including HF, and is considered 
an early marker of elevated CVD risk.16 Most studies 
on endothelial dysfunction in HF focused on evalu-
ation of larger vessels such as brachial artery mea-
surement of flow- mediated vasodilation.17 Recently, 
the role of the microvasculature in HF gained more 
attention.18,19 Retinal circulation offers an opportunity 
to noninvasively explore the relationship of systemic 
microvascular disease to HF. However, there are lim-
ited studies that have investigated whether AMD is 
an independent predictor of HF. The purpose of the 
current study was to examine the association of AMD 
with the risk of HF in a large population- based cohort 
of men and women.

METHODS
The data, analytic methods, and study materials will 
not be made available to other researchers for pur-
poses of reproducing the results or replicating the 
procedure by reasons of ethical and data- protective 
legislation. However, the study group welcomes initia-
tives for cooperation, and data access may be granted 
upon application.

Study Design and Data Source
In this nested case- control study, we enrolled patients 
aged >50 years who were registered in the Taiwan’s 
National Health Insurance Research Database 
(NHIRD). The NHIRD is a nationwide medical claims 
database containing comprehensive healthcare in-
formation of all beneficiaries enrolled in the National 
Health Insurance program, which covers ≈99% of 
the population in Taiwan. This healthcare information 
includes insurant sex and date of birth, inpatient and 
outpatient care facilities, disease diagnostic codes in 
the format of the International Classification of Disease, 
Ninth Revision, Clinical Modification (ICD- 9- CM), pro-
cedures, surgeries, drug prescriptions, dates of visits 
or hospitalization, and expenditures.20 The data used 
in this study were obtained from the Longitudinal 
Health Insurance Database 2000, a subset of the 
NHIRD. The Longitudinal Health Insurance Database 
2000 data set contains all the original claims data of 
1 million beneficiaries randomly sampled in year 2000 
from the NHIRD. There were no significant differences 
in the distributions of age, sex, and healthcare costs 
between the individuals in the Longitudinal Health 
Insurance Database and NHIRD.21 These databases 
have been used for high- quality epidemiological stud-
ies,22,23 and information on diagnoses, prescriptions, 
and hospitalizations have been shown to be of good 
validity.24,25 Because the database was released for 
research purposes and included only scrambled in-
formation on patient identification, the study was ex-
empt from informed consent from the subjects. The 
study protocol was approved by the institutional re-
view board of Cathay General Hospital in Taipei City 
(CGH- P107074).

Identification of Cases and Controls
We identified cases as patients who were diagnosed 
with HF (ICD- 9- CM 428) during the study period be-
tween January 1, 2000 and December 31, 2012 
(n=13 721). To identify patients with HF with sufficient 
accuracy, the diagnosis for HF was required on at 
least 2 outpatient claims or 1 inpatient claim during 
the study period. Only patients with HF symptoms re-
quiring hospitalization for further management were 
treated as HF cases. The diagnostic date of HF was 
defined as the index date. We excluded those who had 

CLINICAL PERSPECTIVE

What Is New?
• In this real- world prospective study, patients 

with both nonexudative and exudative age- 
related macular degeneration were associated 
with an increased risk of heart failure.

What Are the Clinical Implications?
• For patients with age- related macular degen-

eration, early detection is beneficial because of 
the availability of treatments that can decrease 
the progression of age- related macular degen-
eration to the late stages.

• Thus, screening for age- related macular de-
generation is potentially useful for prevention of 
heart failure.
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been diagnosed with HF before January 1, 2000 to in-
crease the likelihood of recruiting patients with incident 
HF. Through risk- set sampling, we randomly selected 
4 controls for each case who did not have any history 
of HF before or at the index date in the Longitudinal 
Health Insurance Database and were matched by 
a propensity score (n=54 884) (Figure). In this study, 
the propensity score was calculated for each patient 
by using a logistic regression with covariates of age; 
sex; monthly income; comorbidities including hyper-
tension (ICD- 9- CM codes 401- 405), diabetes melli-
tus (ICD- 9- CM code 250), hyperlipidemia (ICD- 9- CM 
code 272), coronary artery disease (ICD- 9- CM codes 
410- 414), and chronic kidney disease (ICD- 9- CM code 
585); as well as use of multiple medications including 
low- dose aspirins (Anatomic Therapeutic Chemical 
[ATC] code B01AC06), nonsteroidal anti- inflammatory 
drugs (ATC codes M01AB, M01AC, M01AE, M01AG, 
and M01AH), antihypertensive drugs (ATC codes C02, 

C03, C07, C08, and C09), hypoglycemic agents (ATC 
codes A10A, A10B, and A10X), statins (ATC codes 
C10AA01, C10AA02, C10AA03, C10AA04, C10AA05, 
and C10AA07), and nonstatin lipid- lowering drugs 
(ATC codes C10AB, C10AC, and C10AD).

Identification of AMD
The exposure of interest in this study was AMD. The 
definition of AMD used in the present study was based 
on the ICD- 9- CM codes (362.50 and 362.51 for non-
exudative AMD and 362.52 for exudative AMD) plus at 
least 1 of the following 4 procedures: color photo pic-
ture for the fundus (procedure code 23502), optical co-
herence tomography exam (procedure code 23506), 
fluorescein angiography (procedure code 23505), or 
intravitreal injection (procedure code 86201).26 When 
both eyes of a patient had lesions of different severi-
ties, the grade assigned for the patient was that of the 

Figure. The flowchart of the nested case- control study based on the National Health Insurance 
Research Database in Taiwan.
AMD indicates age- related macular degeneration; and HF, heart failure.

Outpatients and inpatients of Longitudinal Health Insurance Database 2000-2012 in Taiwan 
One million beneficiaries

Inclusion criteria
Aged older than 50 years

817,772 individuals
Exclusion criteria

1. Age < 50 years
2. Sex unknown
3. HF diagnosis prior to 2000/1/1
4. Cancer diagnosis prior to 

2000/1/1
182,228 individuals

propensity score-matching by sex, age, 
monthly incomes, comorbidities, and 
use of multiple medications

With heart failure (Case group)
13,721 individuals

Without heart failure (Control group)
54,884 individuals

2,820 individuals with 
previous AMD

9,690 individuals with 
previous AMD

Multivariable conditional logistic regression analysis adjusted for 
age, sex, monthly income, comorbidities, use of multiple medications,

and annual frequency of outpatient visits
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more severely involved eye. In this study, we identified 
patients who had ≥2 clinical visits with a diagnosis of 
AMD at least 1 year before the index date as patients 
with AMD.

Statistical Analysis
Paired t tests were used to compare continuous vari-
ables between cases and controls, and the McNemar 
test was used for categorical variables. We used con-
ditional logistic regression models to estimate odds 
ratios (ORs) and their 95% CIs for the association 
between AMD and risk of HF. To further control for 
potential confounders, all models were adjusted for 
the propensity score. To enhance the comparability 
between cases and controls, adjustment for num-
bers of outpatient visits were also made in all mod-
els. Given that diabetes mellitus, hypertension, and 
coronary artery disease were associated with both 
AMD and HF,27,28 we also performed subgroup analy-
ses by status of diabetes mellitus, hypertension, and 
coronary artery disease to examine the effects of car-
diometabolic diseases on the association between 
AMD and risk of HF. Finally, multivariable conditional 
logistic regressions based on age and sex matching 
were conducted to estimate independent predictors 
of HF. Data analysis was performed using SAS soft-
ware version 9.3 (SAS Institute, Cary, NC). All P values 
were 2- sided, and P<0.05 was considered statistically 
significant.

RESULTS
The study cohort consisted of 817  772 individuals 
aged >50  years. During the study period, we identi-
fied 13  721 cases with HF and 54  884 control sub-
jects matched by age, sex, comorbidities, and use of 
polypharmacy. The mean age (±SD) was 63.15 years 
(±8.10 years) for cases and controls, and 50.98% of the 
subjects were men. The distributions of comorbidities 
and use of polypharmacy were comparable between 
cases and controls because of the propensity score– 
matched scheme (Table 1).

As shown in Table 2, there were 20.55% (2820/13 721) 
of cases with HF and 17.66% (9690/54 884) of matched 
controls diagnosed as AMD. AMD was associated with 
a 1.58- fold increased risk of HF (adjusted OR, 1.56; 
95% CI, 1.16– 1.87; P<0.001) after adjustment for po-
tential confounders. The association between AMD 
and increased risk of HF was evident in both nonex-
udative and exudative AMD subgroups. The adjusted 
OR (95% CI) for nonexudative and exudative AMD sub-
groups was 1.43 (1.15– 1.64) (P<0.001) and 1.62 (1.28– 
1.86) (P<0.001), respectively.

Table 3 shows the adjusted ORs of HF from fur-
ther analyses of the association of AMD with the risk 

of HF stratified by the status of diabetes mellitus, hy-
pertension, and coronary artery disease. There was 
a significant association between AMD and risk of 
HF among patients with diabetes mellitus, hyperten-
sion, or coronary artery disease. The adjusted ORs 
among patients with diabetes mellitus, hypertension, 
or coronary artery disease were 1.56 (95% CI, 1.18– 
1.84) (P<0.001), 1.48 (95% CI, 1.12– 1.68) (P<0.001), 
and 1.28 (95% CI, 1.08– 1.53) (P=0.002), respectively. 
By contrast, no significant associations between 
AMD and HF were observed among patients without 
diabetes mellitus, hypertension, or coronary artery 
disease.

Table 4 shows the results of multivariable analysis 
of risk determinants of HF. As expected, diabetes mel-
litus, hypertension, hyperlipidemia, and coronary ar-
tery disease were independent predictors of HF with 
adjusted ORs ranging from 1.09 (95% CI, 1.05– 1.13) 
to 2.87 (95% CI, 2.74– 3.01) (P<0.001). Likewise, AMD 
was associated with an increased risk of HF (adjusted 
OR, 1.29; 95% CI, 1.14– 1.34) (P<0.001). However, the 
use of aspirins or nonsteroidal anti- inflammatory drugs 
was related to a reduced risk of HF (adjusted OR, 0.83; 
95% CI, 0.78– 0.87) (P<0.001).

Table 1. Baseline Characteristics of Cases With HF and 
the Propensity Score– Matched Control Group

Variable
Cases With 

HF, n=13 721
Controls,  
n=54 884 P Value

Age, y, mean±SD 63.1±8.1 63.1±8.1 0.965

Sex, % 1.000

Men 51.0 51.0

Women 49.0 49.0

Monthly income, NT$, % 0.882

≤15 840 38.0 39.3

15 841– 25 000 52.9 51.2

>25 000 9.1 9.5

Annual frequency of 
outpatient visits, mean±SD

6.9±8.9 6.2±7.2 0.071

Comorbidities, %

Hypertension 83.4 82.4 0.782

Diabetes mellitus 43.1 42.9 0.608

Hyperlipidemia 47.2 46.7 0.679

CAD 50.4 49.5 0.682

CKD 27.3 26.5 0.624

Use of comedications, %

Aspirin 32.8 31.4 0.648

NSAIDs 76.6 76.4 0.535

Antihypertensive 
medications

31.8 30.2 0.568

Hypoglycemic agents 68.6 67.7 0.442

Lipid- lowering drugs 63.9 62.1 0.658

CAD indicates coronary artery disease; CKD, chronic kidney disease; HF, 
heart failure; and NSAIDs, nonsteroidal anti- inflammatory drugs.
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DISCUSSION
In this population- based, nested case- control study, 
our results show that AMD was significantly associ-
ated with the risk of HF. This association was evident 
in both nonexudative and exudative AMD subgroups. 
The association was independent of age, sex, so-
cioeconomic status, hypertension, diabetes mellitus, 

hyperlipidemia, coronary artery disease, and chronic 
kidney disease.

AMD phenotypes have been associated with a 
variety of CVD outcomes, including coronary artery 
disease, myocardial infarction, or a pooled compos-
ite CVD category.29 However, the relationship between 
AMD and HF has not been well studied. The present 
study, therefore, addresses an important gap in the 

Table 2. Association Between AMD and Risk of HF

Variable Cases With HF, n=13 721 Controls, n=54 884 Adjusted OR (95% CI) P Value

AMD <0.0001

Present 2820 9690 1.58 (1.16– 1.87)

Absent 10 901 45 194 1.00

Nonexudative AMD <0.0001

Present 2495 8852 1.43 (1.15– 1.64)

Absent 10 824 44 669 1.00

Exudative AMD <0.0001

Present 325 838 1.62 (1.28– 1.86)

Absent 77 525 1.00

ORs were adjusted for age; sex; monthly income; comorbidities including hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease, and 
chronic kidney disease; and use of multiple medications including aspirin, nonsteroidal anti- inflammatory drugs, hypoglycemic agents, antihypertensive 
medications, and lipid- lowering drugs; as well as annual frequency of outpatient visits. AMD indicates age- related macular degeneration; HF, heart failure; and 
OR, odds ratio.

Table 3. Association Between AMD and Risk of HF Stratified by Status of DM, Hypertension, and CAD

Variable Cases With HF, n=13 721 Controls, n=54 884 Adjusted OR (95% CI) P Value

Non- DM 0.153

No. of subjects 7803 31 345 1.02 (0.84– 1.76)

No. of AMD (%) 962 (12.3%) 3484 (11.1%)

DM <0.0001

No. of subjects 5918 23 539 1.56 (1.18– 1.84)

No. of AMD (%) 1858 (31.4%) 6206 (26.4%)

Nonhypertension 0.221

No. of subjects 2147 8361 1.18 (0.61– 1.87)

No. of AMD (%) 358 (16.7%) 1207 (14.4%)

Hypertension <0.0001

No. of subjects 8754 36 833 1.48 (1.12– 1.68)

No. of AMD (%) 2462 (28.1%) 8483 (23.0 %)

Non- CAD 1.04 (0.85– 1.62) 0.158

No. of subjects 5759 23 508

No. of AMD (%) 1178 (17.0%) 4201 (15.2%)

CAD 0.002

No. of subjects 5142 21 686 1.28 (1.08– 1.53)

No. of AMD (%) 1642 (24.2%) 5489 (20.2%)

ORs for DM were adjusted for age; sex; monthly income; comorbidities including hypertension, hyperlipidemia, CAD, and chronic kidney disease; and use 
of multiple medications including aspirin, nonsteroidal anti- inflammatory drugs, antihypertensive medications, and lipid- lowering drugs; as well as annual 
frequency of outpatient visits. ORs for hypertension were adjusted for age; sex; monthly income; comorbidities including DM, hyperlipidemia, CAD, and chronic 
kidney disease; and use of multiple medications including aspirin, nonsteroidal anti- inflammatory drugs, hypoglycemic agents, and lipid- lowering drugs; as well 
as annual frequency of outpatient visits. ORs for CAD were adjusted for age; sex; monthly income; comorbidities including DM, hypertension, hyperlipidemia, 
and chronic kidney disease; and use of multiple medications including aspirin, nonsteroidal anti- inflammatory drugs, hypoglycemic agents, antihypertensive 
medications, and lipid- lowering drugs; as well as annual frequency of outpatient visits. AMD indicates age- related macular degeneration; CAD, coronary artery 
disease; DM, diabetes mellitus; HF, heart failure; and OR, odds ratio.
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published data. In the current study, a significantly in-
creased risk of HF was observed in both nonexudative 
and exudative AMD. In addition, AMD was a significant 
risk determinant of HF in patients with diabetes mellitus, 
hypertension, or coronary artery disease. Conversely, 
reports from cross- sectional studies demonstrate null 
findings of the association.30 Such inconsistent re-
sults may result partially from different study designs 
and study subjects as well as potential confounders 
controlled for in the main analyses. Of note, previous 
work has shown that AMD was associated with car-
diovascular and all- cause mortality.31,32 Accordingly, 
such null findings in previous cross- sectional studies 
could be explained by selective mortality bias in that 
the removal of susceptible people results in null asso-
ciations in cross- sectional settings. In any event, our 
study involving a large number of patients with AMD 
has illuminated the longitudinal association between 
AMD and HF.

Extensive data support roles for local inflamma-
tion, complement activation, oxidative stress, and 
lipid homeostasis in the pathogenesis of AMD.33,34 
Furthermore, inflammation and oxidative stress have 
been associated with the development of HF.35– 37 Given 
that inflammation and oxidative stress are implicated in 
both AMD and HF, it is biologically plausible that these 
conditions could share underlying risk factors and 
pathophysiological mechanisms. On another note, mi-
crovascular disease has been linked with precursors 

of heart failure, including peripheral vascular dysfunc-
tion and cardiac and left ventricular remodeling.38,39 It 
is suggested that microvascular abnormalities might 
be involved in the pathogenesis of HF. Previous stud-
ies have indicated that retinopathy is an independent 
predictor of HF.40 The retinal vessels share similar ana-
tomical and physiological properties with coronary and 
cerebral microcirculation and have been suggested as 
biomarkers of vascular health.41 This suggests that mi-
crovascular disease may play an important role in the 
development of HF. Thus, small- vessel damage seen in 
the retina might represent widespread systemic micro-
circulatory disease that places an increased impedance 
burden on the heart, in part through reflected waves.42 
This in turn can lead to an increased load to the heart 
and compromise cardiac performance (eg, impair ven-
tricular emptying and contractility), predisposing the 
development and manifestation of clinical HF. Thus, 
screening for AMD is potentially useful for prevention of 
HF.43 More research is needed to understand the pos-
sible use of AMD screening among patients with HF.

The main strength of the present study is that this 
nested case- control study is based on a national co-
hort of Taiwan’s NHIRD, which contains data from 
Taiwan’s compulsory and universal healthcare sys-
tem. This allowed us to perform our analyses in a 
real- life setting in an unselected patient population, 
thus minimizing the possibilities of patient dropout 
and selection bias. In addition, the large size of the 
database provided considerable statistical power to 
detect differences between case and control groups 
more effectively. However, the findings of this study 
need to be interpreted mindful of the following meth-
odological limitations. First, the diagnoses of AMD, 
HF, or other comorbid medical conditions that are 
totally dependent on the ICD- 9- CM codes may be 
less accurate than those obtained through a stan-
dardized procedure.44 This is a major limitation of 
this study compared with studies that use standard-
ized examinations of patients. However, the National 
Health Insurance Bureau of Taiwan randomly sam-
ples a fixed percentage of claims from every hospital 
and randomly interviews patients and reviews charts 
each year to verify the diagnosis validity and quality 
of care.20 On another note, major advances in identi-
fying the genetic variants associated with AMD have 
revealed a strong connection between the comple-
ment cascade, importantly the regulation of innate 
immunity and disease susceptibility.45,46 Independent 
effects of complement factor H and age- related mac-
ulopathy susceptibility 2/high- temperature require-
ment factor A1 genes with the risk of neovascular 
AMD were identified in a Chinese population.47 In ad-
dition, AMD- associated variants were related to the 
risk of coronary artery disease.48 However, the infor-
mation on genetic variants of AMD is not available in 

Table 4. Multivariable Analysis of Risk Determinants of 
Heart Failure

Variable Adjusted OR (95% CI) P Value

Hypertension <0.0001

No 1.00 (referent)

Yes 2.87 (2.74– 3.01)

Diabetes mellitus <0.0001

No 1.00 (referent)

Yes 1.26 (1.22– 1.31)

Hyperlipidemia <0.0001

No 1.00 (referent)

Yes 1.09 (1.05– 1.13)

CAD <0.0001

No 1.00 (referent)

Yes 1.45 (1.41– 1.50)

AMD <0.0001

No 1.00 (referent)

Yes 1.29 (1.14– 1.34)

Use of aspirin or 
NSAIDS

<0.0001

No 1.00 (referent)

Yes 0.83 (0.78– 0.87)

AMD indicates age- related macular degeneration; CAD, coronary artery 
disease; and NSAIDs, nonsteroidal anti- inflammatory drugs.
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the NHIRD. Moreover, given that HF has been singled 
out as an epidemic and is a staggering clinical and 
public health problem, the nested case- control ap-
proach we adopted in this study might have a statisti-
cal type 2 error. Furthermore, multiple testing resulting 
from analyzing the association between AMD and HF 
among different subsets of patients was not taken 
into account in this study. Moreover, although we 
adjusted for several potential confounders in the sta-
tistical analyses, other important covariates, such as 
smoking habits and visual acuity, could not be inte-
grated into the analysis because the claims data set 
lacks these parameters. It is likely that our findings 
could subject to residual confounding. Finally, most 
of our study subjects were ethnically Chinese people 
from Taiwan, and the generalizability of our results to 
other ethnic groups needs to be further confirmed.

In conclusion, our nationwide population- based 
nested case- control study provides evidence that 
AMD was associated with an increased risk of HF. The 
results remain consistent across a set of subgroup 
analyses. The epidemiological data presented herein 
must be validated with molecular and pathophysio-
logical studies to understand the complex patho-
physiology and molecular mechanisms underlying the 
association between AMD and HF. Such studies are 
critical for taking current understanding beyond ob-
serving disease associations to determine cause and 
effect relationships.
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