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Age-related macular
degeneration and
protective effect of
HMG Co-A reductase
inhibitors (statins):
results from the
National Health
and Nutrition
Examination Survey
2005–2008

DTQ Barbosa1, TS Mendes1, HR Cı́ntron-Colon1,

SY Wang1, RB Bhisitkul1, K Singh2 and SC Lin1

Abstract

Purpose To determine the association of

hydroxymethylglutarylcoenzyme A (HMG

Co-A) reductase inhibitor (statin) use with

the prevalence of age-related macular

degeneration (AMD).

Methods This cross-sectional study included

5604 participants in the National Health and

Nutrition Examination Survey (NHANES)

from 2005 to 2008, Z40 years of age,

who were ascertained with regard to the

diagnosis of AMD, the use of statins, and

comorbidities and health-related behaviors

such as smoking.

Results The mean age of participants denying

or confirming a history of AMD was 68 (SEM

0.90) and 55 (SEM 0.36) years, respectively.

Individuals 68 years of age or older who were

classified as long-term users of statins had

statistically significant less self-reported AMD

(odds ratio (OR) 0.64, 95% confidence interval

(CI) 0.49–0.84; P¼ 0.002), after adjusting for

potential confounding variables. No significant

association was found between the prevalence

of AMD and statin consumption among

subjects between 40 and 67 years of age

(OR 1.61, 95% CI 0.85–3.03; P¼ 0.137).

Conclusions Our results suggest a possible

beneficial effect of statin intake for the

prevention of AMD in individuals 68 years

of age or older.
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Introduction

Age-related macular degeneration (AMD) is a

progressive eye disorder and the leading cause of

legal blindness in individuals aged 65 years and

older in developed countries.1–4 AMD becomes

clinically evident typically after 50 years of age,5

and is classified based upon disease severity.6

Early AMD is characterized by the presence of

drusen and pigmentary abnormalities in the

retinal pigment epithelium (RPE) and late AMD

is characterized by degenerative changes in the

RPE, Bruch’s membrane, and choriocapillaris,

resulting in geographic atrophy and/or

neovascular AMD.6,7

The prevalence of AMD in the United States

was described by Klein et al4 in 2011. The

highest prevalence was found in individuals

aged 60 years or older, with approximately 7.2

million individuals having AMD and 0.89

million having late AMD. In the United States,

there is a 50% increased projection of advanced

AMD cases by 2020, reaching 3 million

individuals, approximately 40% of AMD cases.6

Although a number of agents are available to

treat exudative (‘wet’) AMD, prevention of the

disease continues to be more challenging.8,9

The pathogenesis of AMD remains
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indeterminate and is likely to be multifactorial.10 The

disease is related to well-known risk factors, such as

cigarette smoking, elevated serum cholesterol levels,

and hypertension, that are shared with atherosclerosis

and consequently with increased risk of cardiovascular

disease (CVD).1,6,11 Genetic studies have reported similar

susceptibility genes for CVD and AMD, such as

complement factor H loci.9,12,13 Therefore, a modification

in atherosclerotic changes with lipid-lowering

medications may exert a preventive effect in AMD

development by prevention of lipid deposits at the

level of Bruch’s membrane.3,9,10

Statins are hydroxymethylglutarylcoenzyme A (HMG

Co-A) reductase inhibitors, which are capable of reducing

serum lipoprotein levels and are primarily used to treat

dyslipidemia and reduce cardiovascular mortality.14

This class of drugs includes atorvastatin, simvastatin,

lovastatin, fluvastatin, cerivastatin, rosuvastatin, and

pravastatin. Since 1987, these drugs have been widely used

to reduce LDL cholesterol and plasma triglycerides.15

However, other effects including anti-inflammatory,

anti-endothelial dysfunction, anti-angiogenic, and

antioxidant activities of statins have been reported in

relation to various conditions such as cancer, osteoporosis,

Alzheimer’s dementia, and AMD.10,14,16,17

Evidence in the published medical literature relating to

the association of statin intake and AMD remains

controversial.18 Since 1991, multiple studies with

different designs have evaluated statin use and AMD

development or progression. Some studies support a

protective effect and others have been inconclusive with

regard to a protective effect. The National Health and

Nutrition Examination Survey (NHANES) is a

nationwide, population-based sample of individuals

aged 40 years of age or older. It is designed to assess the

health status of the US population. The survey provides

essential data on AMD, using high-resolution color

photographs of the macula that were graded by an

objective system.4 We have used the NHANES’ extensive

representative sample to study the potential protective

effect of statin intake and AMD.

Materials and methods

Data source

In this study, we used data from years 2005 to 2008 of the

NHANES, a national program of studies designed to

assess the health and nutritional status of adults and

children. NHANES is conducted annually by the Centers

for Disease Control and Prevention and designed to

provide statistics for the US population via a cross-

sectional series of interviews, medical exams, and

laboratory tests of approximately 5000 civilians,

non-institutionalized persons per year who are chosen by

a stratified multistage sampling design. It was reviewed

and approved by a human subjects board, and informed

consent was obtained from all participants. A detailed

description of the design and data collection can be

found online.19 The data were analyzed to assess the

relationship between statin intake and presence of AMD.

Sample and population

Using data from 2005 to 2008, we initially included the

6797 participants of NHANES who were 40 years and

older and underwent both interview and examination

portions of the study. Of this total, 1193 participants were

excluded, including 969 that did not have complete

ophthalmological examinations with retinal photographs

and 224 that had unreadable photographs. For better

understanding of the influence of age in the relationship

between statin use and presence of AMD, we used

subgroups of the population sample, comparing younger

(40–67 years) and older individuals (68 years and older),

taking into account that the mean age of AMD

participants was 68 years.

Measures

Our main predictor variable for this study was the self-

reported use of a statin drug. NHANES has information

regarding the use of prescription medication 30 days

before the questionnaires. Patients were considered to be

under statin therapy when they reported the use of any

type of statin agents such as lovastatin, pravastatin,

simvastatin, fluvastatin, atorvastatin, cerivastatin, and

rosuvastatin, during this period, and were included in

the analysis.

The questionnaire also provides information on the

number of days each participant was using the statins.

This was converted to month and years of use, for an

easier interpretation.

Retinal images were captured using a Canon CR6

(Canon Inc., Tokyo, Japan), nonmydriatic, camera with a

Canon 10D camera back. Two 451 digital images were

taken, providing photographic documentation of the optic

disc, macula, and portions of the superior temporal

arcades. A complete explanation on the grading system is

available elsewhere.20

The presence of AMD was determined through

gradable retinal photographs of the macula from the

participants as part of the ophthalmology examination.

Early AMD was defined as presence of either soft drusen

with a grid area of greater than a 500 m circle and a

pigmentary abnormality (increased pigmentation or

depigmentation) or soft drusen and a pigmentary

abnormality in the center circle without signs of
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advanced AMD. Advanced or late AMD was defined as

the presence of any late lesions, such as geographic

atrophy, RPE detachments, subretinal hemorrhage,

fibrous scar, or neovascularization. When retinal photos

were considered unreadable or confounded by other

findings in the retina, they were excluded from the

evaluation of AMD lesions. Any AMD as defined in this

study included both early and late AMD. When the eyes

of a participant had different grading for AMD, the

worse eye was used to assign the participant a grade.

The main outcome for this study was the presence of

any AMD in the worse eye.

The interview portion of the NHANES survey

provides data on demographic variables such as age,

race, sex, education level, and household income.

Individual health-related behaviors (smoking and

alcohol use); general health condition (self-rated as

excellent or very good, fair, poor or very poor); body

mass index (BMI); medical comorbidities (diabetes

mellitus, systemic hypertension, history of stroke,

and coronary heart disease); and ocular comorbidities

(history of cataract extraction, diabetic retinopathy,

and macular degeneration), were also collected through

self-reported questionnaire.

Data analysis

All data analysis was performed using Stata software,

version 12.1 (College Station, TX, USA). Using

multivariate logistic regression models, we analyzed the

association between statin intake and AMD by adjusting

for potential confounding variables.

Confounding comorbidities that did not present

significant values in the multivariate models at the Po0.1

level were excluded from the final analysis. As history of

alcohol use and BMI did not reach significance, they

were excluded from the model. Taylor linearization

was used to extrapolate the values to the US national

population. We calculated odds ratios (ORs) with

corresponding 95% confidence intervals (CIs). A value of

Po0.05 was determined as significant for all the analyses.

We used design-adjusted Rao–Scott w2 for categorical

values and Wald tests for continuous variables when

evaluating the distribution of these variables between

participants receiving and not receiving statins. Additional

models were performed to assess whether or not a

potential association between variables was influenced by

the duration of statin therapy in different age groups.

Results

Population characteristics

The 2005–2008 NHANES data yielded 5604 participants

aged 40 years and older, who participated in both the

interview and examination portions of the study and had

gradable retinal photographs. Of these participants, 1231

were receiving statin therapy representing 19.48% (SEM

0.74%) of the study population, 620 were in the younger

group (40–67 years) and 611 in the older group (68 years

and older); and 441 were diagnosed with AMD,

representing 6.58% (SEM 0.49%) of the same population.

The mean ages of those without AMD was 55.6 years

(SEM 0.36 years) and those with AMD was 68.0 (SEM

0.90 years; Po0.0001).

Table 1 shows demographic information, health-

related behaviors, and comorbidities of the study

population, comparing those receiving and not receiving

statins. Among the population enrolled in the study,

several differences in baseline characteristics were found

to be statistically significant. Racial distribution

(P¼ 0.0009) and annual household income (P¼ 0.0005)

differed significantly between the two groups. Whites

and individuals with greater income were more likely to

use statins; in addition, they also had higher odds for

developing AMD. Those using statins also had a greater

chance of reporting higher smoking status (Po0.0001),

having poor general health condition (Po0.0001), and

prior cataract extraction (Po0.0001). There was also a

higher prevalence of cardiovascular-related events

(self-reported stroke) among statin users when compared

with the other group (Po0.0001).

Statin therapy and AMD

Out of the 441 participants that presented with AMD, 126

(28.6%) were using a statin medication, and from these,

90 participants were older than 68 years; and 315 (71.4%)

were not receiving such therapy, of which 206

participants were older than 68 years. Among statin

users, the mean length of time on the medication was

57.8 months with a median of 48 month (IQR: 24–96).

Those who had early AMD accounted for 386 cases

(87.5%), 139 cases in the younger sub-population and

247 in the older; and those with late AMD for 55 cases

(12.5%), 6 in the younger sub-population and 49 in

the older.

We constructed multivariate logistic regression models

to assess the association between statin intake and

presence of AMD (Table 2), which adjusted for age,

gender, other demographic characteristics, health-related

behaviors, comorbidities. and self-reported general

health condition. All medical and ocular comorbidities

that did not reach statistical significance at the Po0.1

level were excluded from consideration as confounders

in the final model. The only medical comorbidity that

showed significance was history of stroke. History of

prior cataract surgery was the only visual comorbidity

retained in the multivariate model.
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The initial unadjusted model, using the 40 years or

older population from NHANES, showed that statins

intake was significantly associated with increased odds

of AMD (OR 1.77, 95% CI 1.32–2.38). However, after

adjusting for age this previously positive association

became a statistically insignificant negative association

(OR 0.92, 95% CI 0.68–1.24; P¼ 0.565). Adjusting for

demographic characteristics, health-related behaviors

such as smoking and alcohol use, and self-reported

general health condition and comorbidities, did not

change the association or the significance (OR 0.91,

95% CI 0.67–1.24; P¼ 0.539), suggesting that statin

therapy was not independently associated with AMD.

A second analysis was performed looking at the

association between statins intake and early and late

AMD cases, separately. After adjusting for potential

confounding factors, early AMD was not significantly

associated with the use of statins (OR 0.95, 95%

CI 0.67–1.33; P¼ 0.745). Although late AMD also

did not show such a significant association, the OR was

lower than that found for early AMD (OR 0.78, 95%

CI 0.34–1.80; P¼ 0.556).

When looking at the younger sub-population (40–67

years), the results from the multivariate regression model

were similar to our initial analysis with increased OR and

a significant association in the unadjusted model (OR

2.15, 95% CI 1.26–3.66; P¼ 0.006). After adjusting for age,

gender, demographic characteristics, health-related

behaviors, comorbidities, and general health condition

the association was no longer significant (P¼ 0.154;

Table 3). Similarly, early AMD was not independently

associated with statin intake for this subgroup (OR 1.61,

95% CI 0.85–3.03; P¼ 0.137). The analysis to assess the

relation between late AMD and statins could not be

adequately performed, because there were not enough

cases of late AMD in this sub-population as only six

participants (0.15%) were diagnosed with late AMD of

whom only one was receiving statin therapy.

After analyzing the participants who were 68 years of

age or older, we found that statin intake was significantly

associated with lower odds of AMD compared with no

statin use in the unadjusted model (OR 0.64, 95%

CI 0.49–0.84; P¼ 0.002). Even after adjusting for all

confounding factors and comorbidities this correlation

Table 1 Demographics, health-related characteristics, systemic
and ocular health comorbidities, and medication use of
participants 40 years and older that were statistically signifi-
cantly different between statin user and non-users

No statin
use

N¼ 4373

(78.1%)

Using
statins

N¼ 1231

(21.9%)

Mean
or %*

SE Mean
or %*

SE P-valuew

Demographics

Gender

Female 54.0% 0.8% 46.0% 1.8% 0.0019

Race 0.0009

Mexican 6.0% 0.8% 3.1% 0.6%

Other Hispanic 3.5% 0.7% 2.2% 0.5%

Non-Hispanic White 76.0% 2.2% 82.1% 1.9%

Non-Hispanic Black 10.1% 1.3% 7.7% 1.3%

Other and multiracial 4.7% 0.7% 5.0% 1.0%

Education 0.0012

o9th grade 6.6% 0.6% 8.9% 1.5%

9th grade—less than HS graduate 11.2% 0.9% 10.3% 1.4%

HS graduate or GED equivalent 25.3% 1.0% 30.9% 1.7%

Some college 29.4% 1.1% 24.2% 1.9%

College graduate and beyond 27.7% 1.8% 25.8% 2.2%

Annual household income ($) 0.0005

o$20 000 13.9% 0.9% 14.9% 1.6%

$20 000–$44 999 25.3% 1.3% 32.8% 2.1%

$45 000–$74 999 22.9% 1.1% 20.3% 1.6%

$75 000 and up 35.7% 2.0% 29.3% 2.5%

4$20 000 2.3% 0.4% 2.9% 0.8%

Health-related behaviors
Smoking o0.0001

Current 22.0% 1.3% 15.1% 1.7%

Past 28.2% 1.1% 42.1% 1.7%

Never 49.9% 1.4% 42.9% 2.1%

Systemic and ocular health conditions
General health condition o0.0001

Excellent or Good 45.1% 1.4% 35.5% 2.0%

Fair 37.5% 0.9% 40.8% 1.5%

Poor or very poor 17.6% 1.0% 23.8% 1.7%

Stroke 3.3% 0.4% 7.7% 0.9% o0.0001

Visual comorbidities

History of cataract extraction 9.9% 0.5% 34.3% 3.7% o0.0001

AMD

Diagnosed with AMD 5.8% 0.5% 9.9% 0.2% 0.0003

*All means, proportions, and SE are weighted estimates of the US

population characteristics, taking into account NHANES’ complex

sampling design.
wAll P-values are unadjusted. P-values were calculated using Wald test

for continuous variables, and design-adjusted Rao–Scott Pearson w2 test

for categorical variables.

Table 2 Odds ratios for presence of AMD among statin users

Predictors 40 years and older

OR 95% CI P-value

Adjusted for confounders by stepwise addition
Unadjusted 1.77 1.32–2.38 o0.0001

Age 0.92 0.68–1.24 0.565
þ Sex 0.91 0.68–1.22 0.508
þEthnicity 0.91 0.68–1.22 0.493
þ SESa 0.91 0.69–1.20 0.489
þHRBb 0.90 0.68–1.19 0.459
þComorbiditiesc 0.90 0.67–1.20 0.465
þGeneral health condition 0.91 0.67–1.24 0.539

Abbreviations: AMD, age-related macular degeneration; HRB, health-

related behavior; SES, Socioeconomic status.

Reference group: statin non-users.
aSES includes annual household income and education level.
bHRBs include smoking status (current, past, or never).
cComorbidities include history of stroke and history of cataract

extraction.
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remained significant (OR 0.69, 95% CI 0.51–0.94;

P¼ 0.018), indicating a possible protective effect of

statins over AMD in this older subgroup. The same

significant association was found for early AMD in this

sub-population (OR 0.69, 95% CI 0.49–0.97; P¼ 0.032).

The odds for having late AMD were also low but did not

reach statistical significance in the regression analysis

(P¼ 0.623).

Finally, we analyzed the duration of treatment in these

two age groups. First looking at the mean duration of

treatment, we found that for those younger than 68 years

the mean duration of treatment was shorter (43.8 months

with a median of 24 months, IQR: 12–60) than for those

68 years and older (61.1 months with a median of 60

months, IQR: 12–96). Second, we did another analysis

using the duration of statin use as our predictor and

found a trend toward a protective effect with significant

lower OR in the older population (P¼ 0.039; Table 4).

Conclusion

The greatest risk factor for AMD is advanced age, with

lipid accumulation in the Bruch’s membrane increasing

over time. That deposition can inhibit exchange of

nutrients at the RPE level leading to the development of

AMD lesions.6,21 Most of the published population-based

studies that evaluate AMD and statin use as a protective

parameter against this process have evaluated

individuals 40 years of age or older. In this cross-

sectional study of a US-based, we sought to assess if age

could be a determinant in the association using a sample

of adults older than 40 years of age in whom the mean

age of subjects with AMD was 68 years old, we

compared the older subjects (68þ years) to the younger

participants (40–67 years) to evaluate potential

differences in the effect of statins in these subgroups.

In our analysis, among those individuals aged 68 years

and older, statin use was associated with significantly

lower odds for AMD compared with non-users; however,

this protective effect was not observed in the group of

participants who were 40–67 years old. One hypothesis

that may explain these findings is that the benefit of

statin use in the prevention of AMD increases with

long-term use.

The risk factors for the development of AMD, which are

common to atherosclerotic disease, such as cigarette

smoking, high serum cholesterol, and hypertension,

suggest analogous etiologies for both conditions.17 In vivo

and in vitro studies have reported that statins inhibit the

expression of vascular endothelial growth factor, Cc1-2

macrophage recruiting molecules and intercellular

adhesion molecule-1, which are well-known factors related

Table 3 Odds ratios for presence of AMD among statin users classified as younger (40–67 years) and older (68 years and older)

Predictors 40 to 67 years
N¼ 36 (28.6%)

68 years and older
N¼ 90 (71.4%)

OR 95% CI P-value OR 95% CI P-value

Adjusted for confounders by stepwise addition
Unadjusted 2.15 1.26–3.66 0.006 0.64 0.49–0.84 0.002

Age 1.68 0.96–2.92 0.066 0.66 0.49–0.88 0.007
þ Sex 1.63 0.95–2.81 0.075 0.67 0.49–0.90 0.009
þEthnicity 1.62 0.95–2.78 0.077 0.67 0.50–0.90 0.009
þ SESa 1.65 0.94–2.91 0.08 0.69 0.52–0.92 0.013
þHRBb 1.62 0.92–2.85 0.093 0.69 0.52–0.92 0.014
þComorbiditiesc 1.56 0.88–2.79 0.126 0.69 0.52–0.91 0.011
þGeneral health condition 1.55 0.84–2.87 0.154 0.69 0.51–0.94 0.018

Abbreviations: AMD, age-related macular degeneration; HRB, health-related behavior; SES, Socioeconomic status.

Reference group: statin non-users.
aSES includes annual household income and education level.
bHRBs include smoking status (current, past, or never).
cComorbidities include history of stroke and history of cataract extraction.

Table 4 Odds ratios for presence of AMD in relation to statin
treatment duration per year in patients 68 years and older

68 years and olderPredictors

OR 95% CI P-value

Adjusted for confounders by stepwise addition
Unadjusted 0.88 0.80–0.96 0.007

Age 0.89 0.81–0.98 0.018
þ Sex 0.89 0.81–0.98 0.023
þEthnicity 0.89 0.81–0.98 0.017
þ SESa 0.89 0.81–0.98 0.018
þHRBb 0.89 0.81–0.98 0.019
þComorbiditiesc 0.90 0.81–0.99 0.028
þGeneral health condition 0.90 0.81–0.99 0.039

Abbreviations: AMD, age-related macular degeneration; HRB, health-

related behavior; SES, Socioeconomic status.

Reference group: statin non-users.
aSES includes annual household income and education level.
bHRBs include smoking status (current, past, or never).
cComorbidities include history of stroke and history of cataract

extraction.
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to AMD pathogenesis.17 Evidence has been presented that

the RPE produces apolipoprotein-B-containing lipoprotein

particles that can accumulate and deposit with age, thus

creating a barrier to the exchange of essential nutrients,

perhaps leading to AMD development.6 In animal

experimental studies, high cholesterol levels lead to retinal

changes similar to dry AMD, supporting this theory of

lipid deposits causing a barrier in the RPE level and

subsequent development of AMD lipid-containing

lesions.6,21 Therefore, modification of atherosclerotic

processes with lipid-lowering drugs may have a role in the

prevention of AMD development or progress.22

Although statins have been widely used to lower lipids

in the treatment of atherosclerotic diseases and

hyperlipidemia, it is noteworthy that anti-inflammatory

and anti-angiogenic effects have also been attributed to

this class of drugs.14,17 These properties can be important

to other vascular pathologies and also to AMD.

Sagara et al17 performed an animal study with

pitavastatin in 2007 in which the effects of statin therapy

on choroidal neovascularization (CNV) in rats was

assessed, using doses considered therapeutic for human

hypocholesterolemia. Their results showed less

fluorescein angiogram leakage, decreased area, and

thickness of CNV measured by both angiography and

histopathological studies, supporting the anti-angiogenic

effect of statins.

In the current literature, the association of statin intake

and clinical AMD is a matter of controversy (see Table 5).

Most of studies are case–control and population-based

Table 5 Studies’ distribution of statins intake and age-related macular degeneration from 1991 to 2012 and their respective type,
number of participants, and conclusion

Author Details of study Number of participants Conclusion

Martini et al36 Randomized clinical trial 30 No significant association
Delcourt et al7 Cross-sectional

The POLA Study
60–95 years

2584 No significant association

McCarty et al28 Population-based cohort study
Age Z40 years

4744 Likely protective
No significant data

Hall et al22 Cross-sectional
Age 66–75

379 Protective

Klein et al26 Population-based cohort study
Age 43–86 years

3684—follow-up 5years
2764—follow-up 10 years

No significant association
No significant association

van Leeuwen et al33 Population-based cohort study
Age Z55 years

4822 No significant association

McGwin et al30 Nested case–control
Age Z50 years

6050 Protective

McGwin et al31 Case–control
Age 45–65 years

12 588 Protective

McGwin et al29 Case–control
Age Z65years

2755 No association

Wilson et al39 Retrospective
Age Z60 years

326 Protective

Smeeth et al32 Case–control 87 969 No association
Friedman38 Case–control 148 Protective
Tan et al10 Population-based cohort

The Blue Mountains Eye Study
3654 Protective

Klein et al27 Population-based cohort 2204 No association
Chuo et al14 Case–control, meta-analysis NA No evidence
Drobek-Slowik et al23 Case–control 214 Protective
Maguire et al34 Multicenter RCT cohort 744 No association
Beri et al16 Review

450 years old
NA No evidence

Kaiserman et al25 Case–control 139 894 Not protective
Peponis et al13 Mini review NA No evidence
Fong and Contreras9 Case–control

460 years old
86 635 No association

Shalev et al40 Retrospective cohort
450 years old

108 973 No association

Gehlbach et al3 Review—literature search 30 No evidence

Abbreviations: NA, not applicable; RTC, randomized clinical trial.

Statin intake and AMD in US population
DTQ Barbosa et al

477

Eye



cohorts.9,10,14,23–33 There are four randomized clinical

trials (RCTs), which evaluated the use of statins and

AMD.27,34–36 The first RCT by Martini et al36 and two

other recent RCTs27,34 that evaluated statin use and AMD

did not find a significant protective association with

AMD development. However, Klein et al37 found an

inverse association of statin intake and soft drusen.

In terms of population-based evaluations of the

association of statins and AMD, the Blue Mountains Eye

Study,10 an Australian population-based longitudinal

study of 3654 participants aged 49þ years, reported a

reduced risk of developing soft drusen in statin users

(hazard ratio of 0.33; 95% CI 0.13–0.84). Also, Friedman38

in 2004 and Wilson et al39 in 2004 reported a protective

effect of statins intake and AMD development.

Furthermore, a meta-analysis of observational studies

was performed in 2007 by Chuo et al14 to examine the

effect of lipid-lowering agents in the development of

AMD. The authors identified eight studies10,24,26,29–33 and

the pooled relative risk was 0.74 (95% CI 0.55–1.00). The

study did not show an association between the use of

lipid-lowering medications and the incidence of AMD.

In the 2012 Cochrane Study, Gehlbach et al3 postulate

that there is insufficient data to support statins as a

preventive or risk factor for AMD. But their results were

based on a literature review that selected only two RCTs

that met the study criteria with a small number of

participants (n¼ 72). In 2011, Shalev et al40 evaluated a

larger population of 108 973 individuals aged 55 or older

and reported no association between persistent use of

statins and reduced risk of AMD among 2732 incident

AMD cases in individuals.

The possible disparate findings in the previous studies

may be related to the composition of the groups in terms

of age and duration of statin use. It is likely that one

explanation for the difference in protective effect between

our two age groups is due to duration of statin use, which

was statistically different. Recently, Tan et al10 found that

statin use may reduce the long-term risk of developing

AMD after a 10-year follow-up of the initial baseline

population, which could be a result of the longer duration

of treatment in that population. In support of this finding,

in the older age group of our study, greater duration of

statin use was associated with less likelihood of AMD.

Our results show that the mean duration of statin use

in participants 68 years of age or older is associated with

lower risk for AMD, suggesting a possible protective

effect of statins against AMD in elderly individuals (ie,

Z68 years old), but this can be a result of a relatively

small sample effect (N¼ 441 AMD cases). Although there

are many strengths of this study such as a nationwide,

multiracial population-based sample, and AMD

detection by an objective system for grading fundus

digital photographs, the study is subject to several

limitations. It may underestimate the number of persons

with AMD, because some fundus photos were excluded

in the survey, due to poor image quality (n¼ 224) or non-

existent photos (n¼ 969). Moreover, only 0.15% of the

population studied had late AMD. Such small numbers

of late AMD cases can lead to low statistical power to

detect an association between statin intake and late

AMD. Yet, the prevalence rates of both late and early

AMD were similar to other population-based studies.24

In summary, we found that after adjustment for

confounding factors statin intake has significantly lower

odds for AMD in individuals 68 years of age or older.

This association, if confirmed in other independent data

sets, may be due to anti-inflammatory and/or lipid-

lowering properties of statin drugs. Additional

prospective research elucidating the potential protective

effect of statin intake and development of AMD is

required. As dry AMD is the most common form of the

disease including in this study, our findings may enhance

therapeutic interest in dry AMD.

Summary

What was known before
K In the published medical literature, evidence related to

the association of statin intake and AMD is controversial.

K Most of the published population-based studies that
evaluate AMD and statin protective effect have evaluated
individuals 40 years of age or older, however, they did not
evaluate different age groups.

What this study adds

K Our study is the first one to evaluate the statin effect on
AMD with respect to age by analyzing two age groups:
those 40–67 years versus 68 years or older.

K This study found that those with statin intake have
significantly lower odds for AMD if they were in the 68
years or older group and the association was greater in
those who had longer duration of use. There was no
protective association in the 40–67 year old group.
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