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Abstract
Objective  To determine the association between cataract 
surgery and age-related macular degeneration (AMD) in a 
representative US sample.
Design  Population-based, cross-sectional study.
Setting  The US National Health and Nutrition Examination 
Survey 2005–2008.
Participants  A total of 5401 participants aged ≥40 years 
had information in cataract surgery status and gradable 
retinal photographs for right eyes.
Methods  Cataract surgery status was obtained from 
questionnaire. Non-mydriatic fundus photographs were 
collected and AMD status was assessed. The associations 
between AMD and cataract surgery were evaluated in right 
eyes using logistic regression models.
Results  Of 338 right eyes with any AMD, 107 right 
eyes (28.9%) had cataract surgery. After adjusting for 
multiple variables, there were significant associations 
between cataract surgery and any AMD (OR 1.36; 95% 
CI 1.03 to 1.81) or late AMD (OR 2.48; 95% CI 1.01 to 
6.09). No significant association was found between 
cataract surgery and early AMD after adjusting for multiple 
covariates (OR 1.20; 95% CI 0.91 to 1.59).
Conclusion  Our results suggest that cataract surgery 
is associated with the presence of AMD, particularly for 
late AMD. Longitudinal studies investigating the risk and 
progression of AMD after cataract surgery are needed in 
the era of phacoemulsification.

Introduction
Cataract and age-related macular degen-
eration (AMD) are leading causes of visual 
impairment and blindness in the USA1 and 
are often presenting concurrently in older 
persons.2 As the population ages, the burden 
of both age-related conditions is growing.

Cataract surgery is the only cost-effective 
intervention for improving visual function 
and quality of life in patients with cataract3 
and is one of the most commonly performed 

surgeries in the USA.4 The presence of 
AMD is an established risk factor for poor 
visual outcome following cataract surgery.5 
Although the introduction of anti-vascular 
endothelial growth factor (anti-VEGF) has 
recently revolutionised the management 
of exudative AMD,6 7 the high price of anti-
VEGF imposes heavy economic and social 
burden. Furthermore, there is still no effec-
tive treatment for atrophic AMD.

The relationship between cataract surgery 
and AMD was first identified by a postmortem 
histopathologic study.8 Since then, concerns 
have been raised about whether cataract 
surgery increases the incidence and progres-
sion of AMD. Despite the extensive studies 
investigating this relationship, results remain 
contradictory.9–28 Furthermore, surgical-
related inflammation and light toxicity due 
to aphakic cataract surgery (postulated 
mechanisms for the association between 
cataract surgery and AMD) have decreased 

Strengths and limitations of this study

►► The present study pooled data from a nationally rep-
resentative adult sample in the USA.

►► Standardised protocol was used for grading age-
related macular degeneration.

►► This study controlled for a range of confounding 
factors.

►► Study limitations include the following: (1) the cross-
sectional nature could not provide the causal rela-
tionship, (2) excluded participants tended to be in 
more disadvantaged socioeconomic status and be 
unhealthier, (3) cataract surgery was self-reported, 
(4) no information on the insertion of intraocular 
lens.
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dramatically in the current era of phacoemulsification. 
Previous clinical-based prospective results from the age-
related eye disease study (AREDS) and cataract surgery 
and AMD (CSAMD) study showed no significant relation-
ship between cataract surgery and the risk of AMD.23 27 
A recent cross-sectional evidence28 from a large repre-
sentative Korean population suggested no significant 
association between cataract surgery and the presence of 
AMD, except in left eyes, which was explained as a chance 
finding. On the contrary, a recent Taiwanese study using 
population-based claims data documented 1.5-fold 
increased risk of exudative AMD in those who underwent 
cataract surgery.19

In the light of the rapidly ageing population, irrevers-
ible visual impairment and huge social economic burden 
of AMD, we aimed to elucidate the association between 
cataract surgery and AMD in a large, nationally represen-
tative sample of US middle-aged population.

Methods
Study design and population
Two waves of National Health and Nutrition Examina-
tion Survey (NHANES, 2005–2006, 2007–2008) were 
combined. The NHANES collected health-related infor-
mation in 2-year patterns and used a complex, multistage, 
probability sampling methodology to obtain nationally 
representative surveys of civilian, non-institutionalised US 
population. The NHANES intentionally oversampled the 
elderly and ethnicity minority groups. Standard protocols 
were used across different examination sites.

The research was performed in accordance to the 
tenets of the Declaration of Helsinki.

Patient and public involvement
Data used in this analysis were publicly available and 
deidentified NHANES data. No patient and/or public 
were involved in the design and conception of our study.

Cataract surgery and AMD status
Cataract surgery status was obtained from questionnaire. 
Prior to visual acuity examination, participants were asked 
the question ‘Have you ever had eye surgery to treat cata-
racts?’, and if so, they were further asked ‘Which eye(s) 
had cataract surgery?’, which included possible answers of 
right, left, both or do not know. Individuals who reported 
history of cataract surgery but did not know which eye(s) 
were excluded from the current analysis.

In 2005–2008 waves of NHANES survey, non-mydriatic 
fundus photographs were collected for participants older 
than 40 years using Canon CR6-45NM Ophthalmic Digital 
Imaging System and Canon EOS 10D digital camera 
(Canon USA, One Canon Park, Melville, New York, 
USA). Photographs were assessed by at least two graders 
at the University of Wisconsin, Madison according to the 
modification of the Wisconsin Age-Related Maculopathy 
Grading Classification Scheme. In brief, early AMD was 
defined as the presence of drusen and/or pigmentary 

abnormalities, and late AMD was based on the detection 
of exudative AMD signs or geographic atrophy.

Covariates
Demographic characteristics, including age, gender, race, 
education level, marital status and family income, were 
collected. Participants were categorised as non-Hispanic 
white, non-Hispanic black, Mexican American and other 
ethnicity. Educational level was analysed as a two-level 
categorical variable: less than high school and comple-
tion of or more than high school. Marital status (unmar-
ried and other, married/with a partner) was analysed as 
a two-level categorical variable. The indicator for family 
income—the poverty income ratio—was categorised as 
below poverty (<1.00) and at or above poverty (≥1.00). 
Lifestyle factors included cigarette smoking and alcohol 
consumption. Former/current smoker was defined as 
participants who currently smoked and had smoked at 
least 100 cigarettes in their lifetime. Current drinker was 
defined as participants who currently drank.

General health was assessed by body mass index (BMI), 
physical activity, C reactive protein (CRP) and comorbid-
ities. Height and weight were used to calculate BMI (kg/
m2). Obesity was defined as BMI >30 kg/m2. The 2008 
Physical Activity Guideline for Americans suggests at least 
2.5 hours of moderate-intensity or 75 min of vigorous-
intensity aerobic physical activity per week or an equivalent 
combination of moderate-intensity and vigorous-intensity 
aerobic activity for health benefits. We categorised partici-
pants into two groups based on whether the 2008 Physical 
Activity Guideline was met or not. CRP was categorised as 
two groups (high CRP level: CRP ≥1 mg/dL or not).

Clinical comorbidities included diabetes mellitus, 
hypertension, hyperlipidaemia, chronic kidney disease 
(CKD) and self-reported history of cardiovascular 
disease (CVD). Diabetes mellitus was defined as serum 
glycosylated haemoglobin >6.5%,29 the use of insulin 
or diabetic tablets or self-reported history of diabetes 
mellitus. Hypertension was defined as systolic blood pres-
sure of ≥140 mm Hg or diastolic blood pressure ≥90 mm 
Hg, the use of antihypertensive agents or self-reported 
history of hypertension. Hyperlipidaemia was based on 
total cholesterol ≥240 mg/dL, the use of lipid-lowering 
medications or self-reported history of high cholesterol. 
CKD was defined as estimated glomerular filtration rate 
<60 mL/min/1.73 m2. Self-reported history of CVD was 
based on previous diagnosis of congestive heart failure, 
coronary heart disease, angina, heart attack or stroke.

Statistical analyses
All statistical analyses were performed using Stata (V.14.0; 
StataCorp., College Station, Texas, USA). The data set 
was set up with survey commands in Stata to account for 
the complex and multistage sampling design of NHANES 
to generate nationally representative estimates. Charac-
teristics of eyes were reported by using means and SEs for 
continuous variables and numbers and weighted percent-
ages for categorical variables. We used design-adjusted 
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Table 1  Characteristics of participants by right eyes

Characteristics
Right eyes
(n=5401)

Age (SE), years 56.1±0.39

Female, number (%) 2713 (52.9)

Cataract surgery, number (%) 566 (8.0)

Any AMD, number 338

 � Age (SE), years 68.9±0.88

 � Cataract surgery, number (%) 107 (28.9)

Early AMD, number 296

 � Age (SE), years 67.6±0.93

 � Cataract surgery, number (%) 81 (24.6)

Late AMD, number 42

 � Age (SE), years 78.1±1.00

 � Cataract surgery, number (%) 26 (60.6)

All proportions, means and standard errors are weighted estimates 
of the US population characteristics, taking into account the 
complex sampling design of the National Health and Nutrition 
Examination Survey.
AMD, age-related macular degeneration.

one-way analysis of variance and Rao-Scott Pearson χ2 for 
the comparison of continuous and categorical variables, 
respectively. Logistic regression modelling was used to 
determine the association of cataract surgery with AMD 
status. Separate analyses were conducted for any, early 
or late AMD. Unadjusted models were used to estimate 
ORs and 95% CIs for each status of AMD, to determine 
covariates significantly associated with outcomes. Signif-
icant covariates (p<0.05), along with cataract surgery 
status, were added to models investigating their effects 
on each status of AMD in multivariable-adjusted logistic 
regression models. In order to verify the robustness of 
our results, we also performed sensitivity analysis for 
left eyes and combing available data from both eyes. 
Multivariable-adjusted generalised estimating equation 
(GEE) models were used to account for correlations of 
paired eyes within the same participant and determine 
relationships between cataract surgery and AMD status. 
Two-sided p values <0.05 were considered significant for 
statistical inferences.

Results
From the 6797 eligible participants aged 40 years and 
older in 2005–2008 NHANES surveys, 5401 had complete 
data on cataract surgery status and gradable retinal 
photographs for right eyes were included in the present 
analysis. Compared with participants with complete data, 
participants with incomplete data were more likely to 
be older, non-Hispanic black, less educated, unmarried, 
in disadvantaged socioeconomic status, never smoker, 
abstainer/former drinker and unhealthier regarding 
physical activity and clinical comorbidities (all p<0.05). 
Other characteristics of participants excluded and 
included are illustrated in online supplemental table 1.

Overall, 566 right eyes (8.0%) underwent cataract 
surgery. Of 338 right eyes with any AMD, 107 right eyes 
(28.9%) underwent cataract surgery. Table 1 provides the 
characteristics of right eyes. Univariable logistic regres-
sion models showed covariates, including age, race, 
marital status, smoking status, obesity, diabetes mellitus, 
hypertension, CKD and self-reported CVD, were signifi-
cantly associated with any AMD and early AMD. There 
were statistically significant associations between late 
AMD and age, race, marital status, obesity, hyperten-
sion, hyperlipidaemia, CKD or self-reported CVD in the 
univariable logistic models. These results from logistic 
regression modelling are outlined in table 2.

After adjusting for significant covariates identified in 
the univariable logistic regression models, significant 
associations were observed between cataract surgery and 
any AMD (OR 1.36; 95% CI 1.03 to 1.81) or late AMD 
(OR 2.48; 95% CI 1.01 to 6.09). However, no significant 
association was found between cataract surgery and early 
AMD after adjusting for multiple covariates for right eyes. 
Detailed results are provided in table  3. Similar results 
were observed when performing sensitivity analysis for 

left eyes or combining available data from both eyes in 
GEE models (online supplemental table 2).

Discussion
In this large nationally representative sample of the 
US population 40 years and older, our study provided 
evidence that previous cataract surgery may be associated 
with AMD, particularly late AMD.

The relationship between cataract surgery and AMD 
has been intensively investigated through postmortem 
histopathologic study, cross-sectional study, cohort 
study, retrospective case–control study and randomised 
controlled trial, but results have been conflicting.9–28 The 
significant link between cataract surgery and AMD in our 
study is consistent with previous studies.9–19 Dated back to 
1989, Liu et al9 found that cataract surgery without intra-
ocular implantation might place participants at increased 
risks of AMD using the nationally representative cross-
sectional study (NHANES-I). After pooling results from 
three population-based studies, Freeman and colleagues 
claimed the strong association between cataract surgery 
and late AMD.11 Longitudinal studies, such as the Beaver 
Dam Eye Study and Blue Mountain Eye Study, documented 
higher risks of late AMD after cataract surgery.8–10 12 13 17 
Similarly, cataract surgery was significantly associated with 
long-term incidence of late AMD in the Rotterdam Eye 
Study.8 15 Three recent clinical-based case–control studies 
consistently demonstrated that cataract surgical patients 
had higher risks of development and progression of AMD 
with follow-up length ranging from 1 to 5 years.14 18 19

Our results were contrary to findings from some 
previously published studies.20–28 Population-based 

https://dx.doi.org/10.1136/bmjopen-2019-032745
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Table 2  Logistic regression models of risk factor for AMD

Characteristics

Any AMD* Early AMD* Late AMD*

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age (SE), years 1.10 (1.08 to 1.11) <0.001 1.09 (1.07 to 1.10) <0.001 1.24 (1.18 to 1.31) <0.001

Female versus male 0.94 (0.73 to 1.20) 0.59 0.85 (0.65 to 1.11) 0.22 2.07 (0.94 to 4.56) 0.07

Race

 � Non-Hispanic white Reference 0.007 Reference 0.022 0.045

 � Non-Hispanic black 0.31 (0.18 to 0.51) 0.31 (0.17 to 0.56) 0.31 (0.08 to 1.17)

 � Mexican American 0.53 (0.34 to 0.82) 0.60 (0.39 to 0.93) –

 � Other 0.57 (0.30 to 1.06) 0.60 (0.31 to 1.18) 0.30 (0.06 to 1.59)

High school and over versus 
less

0.75 (0.50 to 1.14) 0.17 0.74 (0.47 to 1.16) 0.19 0.82 (0.40 to 1.67) 0.57

Married/with a partner versus 
unmarried or other

0.62 (0.48 to 0.79) <0.001 0.69 (0.52 to 0.91) 0.010 0.29 (0.14 to 0.61) 0.002

Income at or above poverty 
versus below

0.78 (0.55 to 1.12) 0.17 0.85 (0.56 to 1.28) 0.42 0.49 (0.22 to 1.08) 0.08

Former/current smoker versus 
non-smoker

1.34 (1.04 to 1.72) 0.024 1.35 (1.02 to 1.79) 0.035 1.24 (0.58 to 2.66) 0.57

Current drinker versus 
abstainer/former drinker

0.74 (0.49 to 1.12) 0.15 0.79 (0.53 to 1.19) 0.26 0.45 (0.20 to 1.02) 0.05

Obesity present versus 
absent

0.63 (0.47 to 0.85) 0.004 0.69 (0.51 to 0.94) 0.021 0.26 (0.10 to 0.71) 0.010

Meet PA recommendation 
versus not meet

0.79 (0.52 to 1.21) 0.27 0.79 (0.52 to 1.21) 0.27 0.79 (0.33 to 1.91) 0.59

High CRP present versus 
absent

1.40 (0.92 to 2.13) 0.11 1.38 (0.89 to 2.13) 0.15 1.58 (0.60 to 4.19) 0.34

Diabetes mellitus present 
versus absent

1.44 (1.06 to 1.95) 0.020 1.54 (1.11 to 2.15) 0.012 0.73 (0.27 to 1.98) 0.53

Hypertension present versus 
absent

2.20 (1.55 to 3.13) <0.001 2.19 (1.49 to 3.20) <0.001 2.31 (1.04 to 5.17) 0.041

Hyperlipidaemia present 
versus absent

1.17 (0.82 to 1.66) 0.38 1.05 (0.73 to 1.52) 0.78 2.46 (1.18 to 5.14) 0.018

CKD present versus absent 4.64 (3.32 to 6.48) <0.001 4.12 (2.95 to 5.75) <0.001 10.2 (4.70 to 22.3) <0.001

Self-reported CVD present 
versus absent

3.47 (2.48 to 4.85) <0.001 3.36 (2.42 to 4.65) <0.001 4.40 (2.14 to 9.07) <0.001

Boldface indicates statistical significance (P < 0.05).
*Comparisons were between each AMD group and the no AMD group.
AMD, age-related macular degeneration; CKD, chronic kidney disease; CRP, C reactive protein; CVD, cardiovascular disease; PA, physical 
activity.

cross-sectional results from Visual Impairment Project,20 
Beijing Eye Study25 and Korean NHANES28 found no 
significant association between cataract surgery and 
AMD. The only randomised controlled trial conducted 
on this topic suggested clear benefits of phacoemulsi-
fication for patients at high risk of AMD progression 
but without significant evidence for the progression to 
choroidal neovascularisation.24 However, the generalis-
ability of this result might be subject to the small sample 
size (n=56). The lack of a significant association between 
cataract surgery and AMD was also documented in 
clinical-based studies, including a study of Armbrecht et 
al,21 a study of Baatz et al22 and CSAMD.26 27 The AREDS 

concluded no significant effect of cataract surgery on the 
progression of AMD to advanced status.23 However, the 
analysis in the AREDS did find a statistically significant 
increase in the risk of advanced AMD in eyes with cata-
ract surgery. Of note, many differences, including demo-
graphics, age range, sample size, study design, follow-up 
length, analytic paradigm and confounding factors, exist 
between our study and earlier studies, which might have 
led to the discrepancies. Previous studies investigating 
the association between cataract surgery and AMD are 
summarised in table 4.

Several possible explanations for the association 
between cataract surgery and AMD have been proposed. 
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Table 3  Multiple variable adjusted models for AMD and 
cataract surgery status

AMD type

Right eyes

OR (95% CI) P value

Any AMD*

 � Phakia Reference

 � Cataract surgery 1.36 (1.03 to 1.81) 0.033

Early AMD*

 � Phakia Reference

 � Cataract surgery 1.20 (0.91 to 1.59) 0.18

Late AMD†

 � Phakia Reference

 � Cataract surgery 2.48 (1.01 to 6.09) 0.048

Boldface indicates statistical significance.
*Adjusted for age, gender, race, marital status, smoking status, 
obesity, diabetes mellitus, hypertension, chronic kidney disease 
and self-reported cardiovascular disease.
†Adjusted for age, gender, race, marital status, obesity, 
hypertension, hyperlipidaemia, chronic kidney disease and self-
reported cardiovascular disease.
AMD, age-related macular degeneration.

One possibility is the similar underlying mechanism 
behind cataract and AMD. Previous studies indicated 
that AMD appeared to be more prevalent in patients 
with cataract.9 11 30 31 Several physiologic or genetic mech-
anisms underlying lens opacity formation may also play 
important roles in the pathogenesis of macular degenera-
tion.9 14 Due to the high level of cataract surgical coverage 
in the USA, the cataract surgery can be regarded as a 
surrogate of cataract. Alternatively, common risk factors 
shared by cataract and AMD potentially have effects on 
their relationship, including older age, smoking status 
and CVD.32 33 However, in our study, a comprehensive 
series of confounders were adjusted in final models 
and the significant association between cataract surgery 
and AMD still persisted. Of note, we could not exclude 
the possibility of incomplete adjustment for important 
unknown factors, such as genetic factors.

Another proposed explanation for the significant asso-
ciation between cataract surgery and AMD is surgical 
inflammation. Inflammatory response is common after 
cataract surgery and may exacerbate the short-term risk 
of occurrence and progression of AMD.34 A retrospective 
cohort study indicated higher susceptibility to cystoid 
macular oedema or deterioration of choroidal neovascu-
larisation after cataract surgery among patients with wet 
AMD.18 Therefore, we speculated that cataract surgery 
might predispose eyes to the development or progression 
of AMD. Of note, techniques in cataract surgery have 
been improved greatly and phacoemulsification proce-
dures have sharply reduced inflammatory responses. The 
significant association between cataract surgery and AMD 
in the current phacoemulsification era is, to less extent, 
due to the inflammation caused by cataract surgery. The 

third possible explanation for the increased risk of AMD 
after cataract surgery is the greater intensity of UV or 
short-wavelength light exposure after cataract surgery.35–37 
Several studies indicated that lens might play a protective 
effect on retina health.14 Aphakic patients had been docu-
mented to show more severe macular degeneration than 
those phakic subjects.9 However, the greater likelihood of 
cataract surgery with implantation of intraocular lenses 
and advent of UV-blocking or blue light-blocking intraoc-
ular lenses had suggested to largely reduce the insult of 
UV or short-wavelength light on the macular. However, 
a very recent systemic review concluded that there was 
still unclear regarding the protective function of blue 
light-filtering intraocular lenses on macular health or the 
reduced risk associated with the development or progres-
sion of AMD.38 Other studies suggested that mechanisms 
underlying the significant relationship between cataract 
surgery and AMD could be the intraoperative photic 
damage caused by the operating microscope.39 Further 
research is needed to clarify possible mechanisms under-
lying the significant association between cataract surgery 
and AMD, if this significant association is confirmed in 
other studies.

Our study has several strengths, including the large 
nationally representative sample size, standardised 
protocol for grading AMD and availability of compre-
hensive confounders. Of note, our study was also limited 
by several points. First, as a cross-sectional study, our 
study could not provide the causal relationship between 
cataract surgery and AMD. More research is needed to 
investigate the longitudinal relationship between cata-
ract surgery and AMD in the era of phacoemulsification. 
Second, excluded participants tended to be in more 
disadvantaged socioeconomic status and be unhealthier 
with respect to lifestyles and clinical comorbidities, which 
might bias the association between cataract surgery and 
AMD. Third, the self-reported status of cataract surgery 
might be subjected to the recall bias. Fourthly, we did not 
have detailed information on the presence of intraocular 
lens and/or the type of intraocular lens, therefore, we 
could not examine the effects of aphakia or different types 
of intraocular lenses on the status of AMD. However, the 
aphakic cataract surgery is currently scarce. Last but not 
the least, we could not exclude the possibilities of chance 
findings. Further studies are needed to corroborate our 
results.

In conclusion, in this nationally representative 
population-based study, we found evidence that cataract 
surgery was significantly associated with any AMD and late 
AMD, after adjusting for multiple covariables. This may 
emphasise the need to thoroughly evaluate the retina 
prior to cataract surgery and inform the potential risk 
of AMD to cataract patients when recommending cata-
ract surgery. Furthermore, close retinal follow-up after 
cataract surgery is recommended, particularly in high-
risk individuals. Longitudinal studies investigating the 
risk and progression of AMD after cataract surgery are 
needed to confirm this finding.
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Table 4  Summary of previous studies investigating the association between cataract surgery and AMD

Study Country
Age range at 
baseline (y) Sample size Design Follow-up

Results
(OR/RR/HR, 
95% CI) Adjustments

Significant association

Liu et al9 America >45 3087 Population-
based cross-
sectional

NA AMD: 4.6 (2.5 to 
8.6)

Age, sex and 
SBP.

Klein et al 
(BDES)10

America 43–86 3684 at 5 years; 
2764 at 10 years.

Population-
based cohort

10 y Late AMD: 3.81 
(1.89 to 7.69);
GA: 3.18 (1.33 to 
7.60);
Exudative AMD: 
4.31 (1.71 to 10.9);
Progression: 1.97 
(1.29 to 3.02).

Age, sex, SBP, 
heavy drinking 
and smoking, 
vitamin use.

Freeman et al 
(SEE, PVER, 
BES)11

America >49 SEE: 2,520; PVER: 
4,774;
BES: 4396.

Population-
based cross-
sectional

NA Late AMD: 1.7 (1.1 
to 2.6)

Age, race, sex 
and smoking.

Wang et al 
(BMES and 
BDES)12

Australia 
and 
America

BMES:>49 
BDES:>43

6019 Population-
based cohort

5 y Late AMD: 5.7 (2.4 
to 13.6)

Age, study site, 
gender, smoking, 
reticular drusen 
or pigmentary 
abnormalities.

Cugati et al 
(BMES)13

Australia >49 2335 at 5 years; 
1952 at 10 years

Population-
based cohort

10 y Late AMD: 3.3 (1.1 
to 9.9);
NVAMD: 3.4 (1.1 to 
10.9).

Baseline age, 
gender, smoking, 
and early AMD.

Kaiserman et 
al14

Israel >50 5913:29 565 Retrospective 
case–control

3 y PDT: 2.7 (2.4 to 5.7) Age, gender, 
country of 
birth, residency, 
socioeconomic 
status, 
hypertension, 
hyperlipidaemia, 
DM, congestive 
heart failure, 
ischaemic heart 
disease, and 
chronic renal 
failure.

Ho et al 
(Rotterdam 
Study)15

Netherlands >55 6032 Population-
based cohort

5.7 Dry late AMD: 3.44 
(1.68 to 7.08).

Age, sex, follow-
up time, smoking 
status and AMD 
stage at baseline.

Fraser-Bell et 
al (LALES)16

America >40 6357 Population-
based cross-
sectional

NA Advanced AMD: 2.8 
(1.0 to 7.8);
Retinal pigment: 1.6 
(1.0 to 1.5);
Retinal pigment 
epithelial 
depigmentation: 2.2 
(1.1 to 4.4).

Age, gender and 
smoking.

Klein et al 
(BDES)17

America 43–86 2626 early;
3329 late

Population-
based cohort

20 y Late AMD: 1.96 
(1.28 to 3.02)

Age, age,2 sex, 
education, 
smoking, heavy 
drinking, history 
of CVD, DM, DBP.

Continued
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Study Country
Age range at 
baseline (y) Sample size Design Follow-up

Results
(OR/RR/HR, 
95% CI) Adjustments

Saraf et al18 America Case: 
80.8±6.5
Control:
79.2±9.1

39:42 Retrospective 
case–control

1 y No more injections, 
but more 
susceptibility to 
cystoid macular 
oedema or 
exacerbation 
of choroidal 
neovascularisation.

NA

Ho et al19 China, 
Taiwan

>49 3465:10 395 Prospective 
case-control

5 y NVAMD: 2.68 (1.55 
to 4.66).

Geographical 
location, 
urbanisation 
level, monthly 
income, DM, 
hypertension, 
CVD and 
hyperlipidaemia.

Non-significant association

McCarty et al 
(VIP)20

Australia >40 4345 Population-
based cross-
sectional

NA Not significant in 
the multivariate 
model.

Age, cigarette 
smoker, use of 
ACE inhibitor, use 
of cholesterol-
lowering 
medication.

Armbrecht et 
al21

Scotland >40 40:43 Prospective 
case control

1 y Only 2% of surgical 
eyes progressed to 
wet AMD.

NA

Holger et al22 Germany – 696:202 Retrospective 
case-control

1 y NVAMD: 1.30 (0.52 
to 3.24).

Age, baseline 
visual acuity.

Chew et al 
(AREDS)23

America 55–80 4577 Cohort study 5 y NVAMD: 1.08 (0.65 
to 1.72);
Central GA: 0.98 
(0.64 to 1.49).

Baseline age, 
gender, race, 
history of 
smoking.

Hooper et al24 Australia 67–92 27:29 Randomised 
controlled trial

6 m 3.7% of CNV in 
surgical group 
compared with 
none in control 
group (p=1.0).

NA

Xu et al 
(BES)25

China >40 3826 Population-
based cross-
sectional

NA Unilateral surgery 
was not associated 
with intereye 
differences in 
presence of early 
(p=0.99) or late 
AMD (p=0.99).

NA

Wang et al 
(CSAMD)26

Australia >65 1244 Clinic-based 
cohort

3 y Late AMD: 0.74 
(0.23 to 2.36);
Early AMD: 1.07 
(0.74 to 1.65).

Age, sex, 
smoking or early 
AMD lesions at 
baseline.

Wang et al 
(CSAMD)27

Australia >65 1057 Clinic-based 
cohort

4–5 y Late AMD: 0.7 (0.4 
to 1.2);
Early AMD: 0.7 (0.5 
to 1.1).

Age, sex, baseline 
AMD status.

Table 4  Continued

Continued
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Study Country
Age range at 
baseline (y) Sample size Design Follow-up

Results
(OR/RR/HR, 
95% CI) Adjustments

Park et al28 Korea >40 17 987 Population-
based cross-
sectional

NA Any AMD: 1.02 
(0.87 to 1.21);
Early AMD: 0.98 
(0.82 to 1.16);
Late AMD: 1.42 
(0.88 to 2.29).

Age, sex, 
smoking 
status, income, 
education level, 
occupation, DM, 
dyslipidaemia, 
overweight, 
hepatitis B 
surface antigens 
and anaemia.

AMD, age-related macular degeneration; AREDS, age-related eye disease study; BDES, Beaver Dam Eye Study; BES, Baltimore Eye 
Survey; BES, Beijing Eye Study; BMES, Blue Mountain Eye Study; CNV, choroidal neovascularisation; CSAMD, cataract surgery and 
age-related macular degeneration; CVD, cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes mellitus; GA, graphic 
atrophy; LALES, Los Angeles Latino Eye Study; NA, not available; NVAMD, neurovascular age-related macular degeneration; PDT, 
photodynamic therapy; PVER, Proyecto VER; RR, risk ratio; SBP, systolic blood pressure; SEE, Salisbury eye evaluation; VIP, visual 
impairment project.

Table 4  Continued

Author affiliations
1Guangdong Eye Institute, Department of Ophthalmology, Guangdong Provincial 
People's Hospital, Guangdong Academy of Medical Sciences, Guangzhou, China
2State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-
sen University, Guangzhou, China
3Neural Regeneration Group, Institute of Reconstructive Neurobiology, University of 
Bonn, Bonn, Germany
4Centre for Eye Research, Melbourne University, East Melbourne, Victoria, Australia

Contributors  Study concept and design: ZZ, MH. Acquisition, analysis or 
interpretation: all authors. Drafting of the manuscript: ZZ, WW and HL. Critical 
revision of the manuscript for important intellectual content: WW, SK and MH. 
Statistical analysis: ZZ, WW and JZ. Obtained funding: MH. Administrative, technical 
or material support: ZZ, WW, SK, JZ and MH. Study supervision: MH.

Funding  present work was supported by Fundamental Research Funds of 
the State Key Laboratory in Ophthalmology. Professor Mingguang He receives 
support from the University of Melbourne at Research Accelerator Program and 
the CERA Foundation. The Centre for Eye Research Australia receives Operational 
Infrastructure Support from the Victorian State Government. The sponsor or funding 
organization had no role in the design or conduct of this research.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The NHANES protocols were approved by the National Center 
for Health Statistics research ethics review board and informed consents were 
obtained from all participants.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Wei Wang http://​orcid.​org/​0000-​0002-​5273-​3332
Mingguang He http://​orcid.​org/​0000-​0002-​6912-​2810

References
	 1	 Congdon N, O'Colmain B, Klaver CCW, et al. Causes and prevalence 

of visual impairment among adults in the United States. Arch 
Ophthalmol 2004;122:477–85.

	 2	 Qian CX, Young LH. The impact of cataract surgery on AMD 
development and progression. Semin Ophthalmol 2014;29:301–11.

	 3	 Kobelt G, Lundström M, Stenevi U. Cost-Effectiveness of cataract 
surgery. method to assess cost-effectiveness using registry data. J 
Cataract Refract Surg 2002;28:1742–9.

	 4	 Schein OD, Cassard SD, Tielsch JM, et al. Cataract surgery among 
Medicare beneficiaries. Ophthalmic Epidemiol 2012;19:257–64.

	 5	 Forooghian F, Agrón E, Clemons TE, et al. Visual acuity outcomes 
after cataract surgery in patients with age-related macular 
degeneration: age-related eye disease study report No. 27. 
Ophthalmology 2009;116:2093–100.

	 6	 Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for 
neovascular age-related macular degeneration. N Engl J Med 
2006;355:1419–31.

	 7	 Bhisitkul RB, Desai SJ, Boyer DS, et al. Fellow Eye Comparisons 
for 7-Year Outcomes in Ranibizumab-Treated AMD Subjects 
from ANCHOR, MARINA, and HORIZON (SEVEN-UP Study). 
Ophthalmology 2016;123:1269–77.

	 8	 van der Schaft TL, Mooy CM, de Bruijn WC, et al. Increased 
prevalence of disciform macular degeneration after cataract 
extraction with implantation of an intraocular lens. Br J Ophthalmol 
1994;78:441–5.

	 9	 Liu IY, White L, LaCroix AZ. The association of age-related macular 
degeneration and lens opacities in the aged. Am J Public Health 
1989;79:765–9.

	10	 Klein R, Klein BEK, Wong TY, et al. The association of cataract 
and cataract surgery with the long-term incidence of age-related 
maculopathy: the Beaver dam eye study. Arch Ophthalmol 
2002;120:1551–8.

	11	 Freeman EE, Munoz B, West SK, et al. Is there an association 
between cataract surgery and age-related macular degeneration? 
data from three population-based studies. Am J Ophthalmol 
2003;135:849–56.

	12	 Wang JJ, Klein R, Smith W, et al. Cataract surgery and the 5-
year incidence of late-stage age-related maculopathy: pooled 
findings from the Beaver dam and blue Mountains eye studies. 
Ophthalmology 2003;110:1960–7.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5273-3332
http://orcid.org/0000-0002-6912-2810
http://dx.doi.org/10.1001/archopht.122.4.477
http://dx.doi.org/10.1001/archopht.122.4.477
http://dx.doi.org/10.3109/08820538.2014.962166
http://dx.doi.org/10.1016/s0886-3350(02)01220-8
http://dx.doi.org/10.1016/s0886-3350(02)01220-8
http://dx.doi.org/10.3109/09286586.2012.698692
http://dx.doi.org/10.1016/j.ophtha.2009.04.033
http://dx.doi.org/10.1056/NEJMoa054481
http://dx.doi.org/10.1016/j.ophtha.2016.01.033
http://dx.doi.org/10.1136/bjo.78.6.441
http://dx.doi.org/10.2105/AJPH.79.6.765
http://dx.doi.org/10.1001/archopht.120.11.1551
http://dx.doi.org/10.1016/S0002-9394(02)02253-5
http://dx.doi.org/10.1016/s0161-6420(03)00816-9


9Zhu Z, et al. BMJ Open 2020;10:e032745. doi:10.1136/bmjopen-2019-032745

Open access

	13	 Cugati S, Mitchell P, Rochtchina E, et al. Cataract surgery and the 
10-year incidence of age-related maculopathy: the blue Mountains 
eye study. Ophthalmology 2006;113:2020–5.

	14	 Kaiserman I, Kaiserman N, Elhayany A, et al. Cataract surgery is 
associated with a higher rate of photodynamic therapy for age-
related macular degeneration. Ophthalmology 2007;114:278–82.

	15	 Ho L, Boekhoorn SS, et al. Cataract surgery and the risk of aging 
macula disorder: the Rotterdam study. Invest Ophthalmol Vis Sci 
2008;49:4795–800.

	16	 Fraser-Bell S, Choudhury F, Klein R, et al. Ocular risk factors for age-
related macular degeneration: the Los Angeles Latino eye study. Am 
J Ophthalmol 2010;149:735–40.

	17	 Klein BEK, Howard KP, Lee KE, et al. The relationship of cataract and 
cataract extraction to age-related macular degeneration: the Beaver 
dam eye study. Ophthalmology 2012;119:1628–33.

	18	 Saraf SS, Ryu CL, Ober MD. The effects of cataract surgery 
on patients with wet macular degeneration. Am J Ophthalmol 
2015;160:e481:487–92.

	19	 Ho J-D, Xirasagar S, Kao L-T, et al. Neovascular age-related macular 
degeneration is associated with cataract surgery. Acta Ophthalmol 
2018;96:e213–7.

	20	 McCarty CA, Mukesh BN, Fu CL, et al. Risk factors for age-related 
maculopathy: the visual impairment project. Arch Ophthalmol 
2001;119:1455–62.

	21	 Armbrecht AM, Findlay C, Kaushal S, et al. Is cataract surgery 
justified in patients with age related macular degeneration? A 
visual function and quality of life assessment. Br J Ophthalmol 
2000;84:1343–8.

	22	 Baatz H, Darawsha R, Ackermann H, et al. Phacoemulsification does 
not induce neovascular age-related macular degeneration. Invest 
Ophthalmol Vis Sci 2008;49:1079–83.

	23	 Chew EY, Sperduto RD, Milton RC, et al. Risk of advanced age-
related macular degeneration after cataract surgery in the age-
related eye disease study: AREDS report 25. Ophthalmology 
2009;116:297–303.

	24	 Casparis H, Lindsley K, Kuo IC, et al. Surgery for cataracts in people 
with age-related macular degeneration. Cochrane Database Syst Rev 
2012;6:CD006757.

	25	 Xu L, You QS, Cui T, et al. Association between asymmetry in 
cataract and asymmetry in age-related macular degeneration. 
The Beijing eye study. Graefes Arch Clin Exp Ophthalmol 
2011;249:981–5.

	26	 Wang JJ, Fong CS-U, Rochtchina E, et al. Risk of age-related 
macular degeneration 3 years after cataract surgery: paired eye 
comparisons. Ophthalmology 2012;119:2298–303.

	27	 Wang JJ, Fong CS-U, Burlutsky G, et al. Risk of age-related macular 
degeneration 4 to 5 years after cataract surgery. Ophthalmology 
2016;123:e1821:1829–30.

	28	 Park SJ, Lee JH, Ahn S, et al. Cataract surgery and age-related 
macular degeneration in the 2008-2012 Korea National health and 
nutrition examination survey. JAMA Ophthalmol 2016;134:621–6.

	29	 World Health Organization. Use of glycated haemoglobin (Hba1c) 
in the diagnosis of diabetes mellitus: abbreviated report of a 
WHO consultation, 2011. Available: http://www.​who.​int/​diabetes/​
publications/​report-​hba1c_​2011.​pdf [Accessed 1 Dec 2013].

	30	 Buch H, Vinding T, la Cour M, et al. Risk factors for age-related 
maculopathy in a 14-year follow-up study: the Copenhagen City eye 
study. Acta Ophthalmol Scand 2005;83:409–18.

	31	 Krishnaiah S, Das T, Nirmalan PK, et al. Risk factors for age-
related macular degeneration: findings from the Andhra Pradesh 
eye disease study in South India. Invest Ophthalmol Vis Sci 
2005;46:4442–9.

	32	 Tabandeh H, Chaudhry NA, Boyer DS, et al. Outcomes of 
cataract surgery in patients with neovascular age-related macular 
degeneration in the era of anti-vascular endothelial growth factor 
therapy. J Cataract Refract Surg 2012;38:677–82.

	33	 Hu C-C, Lin H-C, Sheu J-J, et al. Neovascular age-related macular 
degeneration is not associated with coronary heart disease in a 
Chinese population: a population-based study. Acta Ophthalmol 
2017;95:e587–91.

	34	 Donoso LA, Kim D, Frost A, et al. The role of inflammation in the 
pathogenesis of age-related macular degeneration. Surv Ophthalmol 
2006;51:137–52.

	35	 Dillon J, Zheng L, Merriam JC, et al. Transmission of light to the 
aging human retina: possible implications for age related macular 
degeneration. Exp Eye Res 2004;79:753–9.

	36	 Holz FG, Bellman C, Staudt S, et al. Fundus autofluorescence 
and development of geographic atrophy in age-related macular 
degeneration. Invest Ophthalmol Vis Sci 2001;42:1051–6.

	37	 Sparrow JR, Nakanishi K, Parish CA. The lipofuscin fluorophore A2E 
mediates blue light-induced damage to retinal pigmented epithelial 
cells. Invest Ophthalmol Vis Sci 2000;41:1981–9.

	38	 Downie LE, Busija L, Keller PR. Blue-Light filtering intraocular lenses 
(IOLs) for protecting macular health. Cochrane Database Syst Rev 
2018;5:CD011977.

	39	 Libre PE. Intraoperative light toxicity: a possible explanation for 
the association between cataract surgery and age-related macular 
degeneration. Am J Ophthalmol 2003;136:961.

http://dx.doi.org/10.1016/j.ophtha.2006.05.047
http://dx.doi.org/10.1016/j.ophtha.2006.10.019
http://dx.doi.org/10.1167/iovs.08-2066
http://dx.doi.org/10.1016/j.ajo.2009.11.013
http://dx.doi.org/10.1016/j.ajo.2009.11.013
http://dx.doi.org/10.1016/j.ophtha.2012.01.050
http://dx.doi.org/10.1016/j.ajo.2015.06.006
http://dx.doi.org/10.1111/aos.13511
http://dx.doi.org/10.1001/archopht.119.10.1455
http://dx.doi.org/10.1136/bjo.84.12.1343
http://dx.doi.org/10.1167/iovs.07-0557
http://dx.doi.org/10.1167/iovs.07-0557
http://dx.doi.org/10.1016/j.ophtha.2008.09.019
http://dx.doi.org/10.1007/s00417-010-1571-y
http://dx.doi.org/10.1016/j.ophtha.2012.07.003
http://dx.doi.org/10.1016/j.ophtha.2016.02.003
http://dx.doi.org/10.1001/jamaophthalmol.2016.0453
http://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://www.who.int/diabetes/publications/report-hba1c_2011.pdf
http://dx.doi.org/10.1111/j.1600-0420.2005.00492.x
http://dx.doi.org/10.1167/iovs.05-0853
http://dx.doi.org/10.1016/j.jcrs.2011.10.036
http://dx.doi.org/10.1111/aos.13204
http://dx.doi.org/10.1016/j.survophthal.2005.12.001
http://dx.doi.org/10.1016/j.exer.2004.06.025
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/11274085
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/10845625
http://dx.doi.org/10.1002/14651858.CD011977.pub2
http://dx.doi.org/10.1016/S0002-9394(03)00906-1

	Cross-­sectional study of the association between cataract surgery and age-­related macular degeneration in the era of phacoemulsification in the national health and nutrition examination survey 2005–2008
	Abstract
	Introduction﻿﻿
	Methods
	Study design and population
	Patient and public involvement
	Cataract surgery and AMD status
	Covariates
	Statistical analyses

	Results
	Discussion
	References


