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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 degeneration (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

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 relationship, (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.

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 effective 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 progression 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
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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 relationship between cataract surgery and the risk of AMD.23 27
A recent cross-sectional evidence28 from a large representative 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, irreversible visual impairment and huge social economic burden
of AMD, we aimed to elucidate the association between
cataract surgery and AMD in a large, nationally representative sample of US middle-aged population.

Methods
Study design and population
Two waves of National Health and Nutrition Examination Survey (NHANES, 2005–2006, 2007–2008) were
combined. The NHANES collected health-related information 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 cataracts?’, 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
2

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 completion of or more than high school. Marital status (unmarried 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 comorbidities. 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 participants 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 pressure 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. Characteristics of eyes were reported by using means and SEs for
continuous variables and numbers and weighted percentages for categorical variables. We used design-adjusted
Zhu Z, et al. BMJ Open 2020;10:e032745. doi:10.1136/bmjopen-2019-032745
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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. Significant 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 regression models showed covariates, including age, race,
marital status, smoking status, obesity, diabetes mellitus,
hypertension, CKD and self-reported CVD, were significantly associated with any AMD and early AMD. There
were statistically significant associations between late
AMD and age, race, marital status, obesity, hypertension, 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
Zhu Z, et al. BMJ Open 2020;10:e032745. doi:10.1136/bmjopen-2019-032745

Table 1 Characteristics of participants by right eyes
Characteristics

Right eyes
(n=5401)

Age (SE), years
Female, number (%)

56.1±0.39
2713 (52.9)

Cataract surgery, number (%)
Any AMD, number
 Age (SE), years

566 (8.0)
338
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
 Cataract surgery, number (%)

78.1±1.00
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.

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 intraocular 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
3
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Table 2 Logistic regression models of risk factor for AMD
Any AMD*

Early AMD*

Late AMD*

Characteristics

OR (95% CI)

P value

OR (95% CI)

P value

Age (SE), years
Female versus male

1.10 (1.08 to 1.11)
0.94 (0.73 to 1.20)

<0.001
0.59

1.09 (1.07 to 1.10)
0.85 (0.65 to 1.11)

<0.001
0.22

OR (95% CI)
1.24 (1.18 to 1.31)
2.07 (0.94 to 4.56)

P value
<0.001
0.07

Race
0.007

 Non-Hispanic white

Reference

 Non-Hispanic black

0.31 (0.18 to 0.51)

Reference
0.31 (0.17 to 0.56)

 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)

High school and over versus
less

0.75 (0.50 to 1.14)

0.022

0.045
0.31 (0.08 to 1.17)
–
0.30 (0.06 to 1.59)

0.17

0.74 (0.47 to 1.16)

0.19

0.82 (0.40 to 1.67)

0.57

<0.001

0.69 (0.52 to 0.91)

0.010

0.29 (0.14 to 0.61)

0.002

0.17

0.85 (0.56 to 1.28)

0.42

0.49 (0.22 to 1.08)

0.08

Former/current smoker versus 1.34 (1.04 to 1.72)
non-smoker

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
Self-reported CVD present
versus absent

4.64 (3.32 to 6.48)
3.47 (2.48 to 4.85)

<0.001
<0.001

4.12 (2.95 to 5.75)
3.36 (2.42 to 4.65)

<0.001
<0.001

10.2 (4.70 to 22.3)
4.40 (2.14 to 9.07)

<0.001
<0.001

Married/with a partner versus 0.62 (0.48 to 0.79)
unmarried or other
Income at or above poverty
versus below

0.78 (0.55 to 1.12)

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 phacoemulsification for patients at high risk of AMD progression
but without significant evidence for the progression to
choroidal neovascularisation.24 However, the generalisability 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
4

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 cataract surgery. Of note, many differences, including demographics, 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.
Zhu Z, et al. BMJ Open 2020;10:e032745. doi:10.1136/bmjopen-2019-032745
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Table 3 Multiple variable adjusted models for AMD and
cataract surgery status
Right eyes
AMD type

OR (95% CI)

Any AMD*
 Phakia

Reference

 Cataract surgery

1.36 (1.03 to 1.81)

P value

0.033

Early AMD*
 Phakia

Reference

 Cataract surgery

1.20 (0.91 to 1.59)

0.18

Reference
2.48 (1.01 to 6.09)

0.048

Late AMD†
 Phakia
 Cataract surgery

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 mechanisms underlying lens opacity formation may also play
important roles in the pathogenesis of macular degeneration.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 association 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 neovascularisation 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 procedures 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
Zhu Z, et al. BMJ Open 2020;10:e032745. doi:10.1136/bmjopen-2019-032745

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 documented 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 intraocular 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 progression 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 underlying 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 comprehensive 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 cataract 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 cataract 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.
5
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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

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

Adjustments

Population-
NA
based cross-
sectional

AMD: 4.6 (2.5 to
8.6)

Age, sex and
SBP.

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.

Design

Follow-up

Significant association
Liu et al9

America

>45

Klein et al
(BDES)10

America

43–86

3684 at 5 years;
2764 at 10 years.

Population-
based cohort

Freeman et al
(SEE, PVER,
BES)11

America

>49

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

Population-
NA
based cross-
sectional

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

Population-
based cohort

5y

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

Population-
based cohort

10 y

Late AMD: 3.3 (1.1 Baseline age,
to 9.9);
gender, smoking,
NVAMD: 3.4 (1.1 to and early AMD.
10.9).

Kaiserman et
al14

Israel

>50

Ho et al
(Rotterdam
Study)15

3087

6019

2335 at 5 years;
1952 at 10 years

10 y

5913:29 565

Retrospective 3 y
case–control

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.

Netherlands >55

6032

Population-
based cohort

Dry late AMD: 3.44 Age, sex, follow-
(1.68 to 7.08).
up time, smoking
status and AMD
stage at baseline.

Fraser-Bell et
al (LALES)16

America

>40

6357

Population-
NA
based cross-
sectional

Advanced AMD: 2.8 Age, gender and
(1.0 to 7.8);
smoking.
Retinal pigment: 1.6
(1.0 to 1.5);
Retinal pigment
epithelial
depigmentation: 2.2
(1.1 to 4.4).

Klein et al
(BDES)17

America

43–86

Population-
based cohort

Late AMD: 1.96
(1.28 to 3.02)

2626 early;
3329 late

5.7

20 y

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

Continued

6
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Table 4 Continued

Study

Country
18

Age range at
baseline (y)
Sample size

Saraf et al

America

Case:
80.8±6.5
Control:
79.2±9.1

Ho et al19

China,
Taiwan

>49

39:42

Design

Follow-up

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

Adjustments

Retrospective 1 y
case–control

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

3465:10 395

Prospective
case-control

NVAMD: 2.68 (1.55 Geographical
to 4.66).
location,
urbanisation
level, monthly
income, DM,
hypertension,
CVD and
hyperlipidaemia.

4345

Population-
NA
based cross-
sectional

Not significant in
the multivariate
model.

Prospective
case control

Only 2% of surgical NA
eyes progressed to
wet AMD.

5y

Non-significant association
McCarty et al
(VIP)20

Australia

>40

Armbrecht et
al21

Scotland

>40

Holger et al22

Germany

–

Chew et al
(AREDS)23

America

55–80

Hooper et al24 Australia

67–92

Xu et al
(BES)25

China

>40

Wang et al
(CSAMD)26

Australia

Wang et al
(CSAMD)27

Australia

40:43

696:202

1y

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

Retrospective 1 y
case-control

NVAMD: 1.30 (0.52 Age, baseline
to 3.24).
visual acuity.

Cohort study

NVAMD: 1.08 (0.65
to 1.72);
Central GA: 0.98
(0.64 to 1.49).

Baseline age,
gender, race,
history of
smoking.

Randomised 6 m
controlled trial

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

NA

3826

Population-
NA
based cross-
sectional

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

>65

1244

Clinic-based
cohort

3y

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

>65

1057

Clinic-based
cohort

4–5 y

Late AMD: 0.7 (0.4 Age, sex, baseline
to 1.2);
AMD status.
Early AMD: 0.7 (0.5
to 1.1).

4577

27:29

5y

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

Continued
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Table 4 Continued

Study
28

Park et al

Country

Age range at
baseline (y)
Sample size

Korea

>40

17 987

Design

Follow-up

Population-
NA
based cross-
sectional

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

Adjustments
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.
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