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Abstract 
Background: Age-related macular degeneration (AMD) is a leading cause of irreversible visual loss in the elderly population, 
affecting millions of the people worldwide. AMD has a substantial effect on quality of life in older individuals. Understanding and 
identifying risk factors are crucial for developing preventive strategies.

Methods: Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we 
conducted a comprehensive literature search across databases including PubMed, Scopus, and Web of Science up to January 
28, 2024. Studies were selected using standardized inclusion and exclusion criteria, and the quality of the studies was assessed 
via the Newcastle Ottawa Scale. Meta-analysis was conducted using Review Manager software to pool the odds ratio (OR) of 
each included risk factors at the 95% confidence interval (CI).

Results: Eighteen of the 2640 identified studies met the inclusion criteria for the meta-analysis. Older age compared to younger 
age, male gender compared to female gender, smoking, hypertension, cardiovascular diseases, and diabetes were statistically 
significant predictors for AMD occurrence, with ORs of 1.11 (95% CI = 1.06–1.15, P < .00001), 1.63 (95% CI = 1.13–2.35, 
P = .009), 1.86 (95% CI = 1.33–2.6, P = .0003), 1.24 (95% CI = 1.09–1.4, P = .0007), 1.44 (95% CI = 1.11–1.87, P = .006), and 
1.44 (95% CI = 1.3–1.6, P < .00001), respectively. Other factors, such as body mass index, cerebrovascular diseases, cholesterol, 
and triglycerides, were not significantly associated with AMD.

Conclusion: This updated meta-analysis highlights the significance of modifiable risk factors for AMD, including smoking, 
hypertension, cardiovascular diseases, and diabetes. Early identification of AMD accompanied by strategic management of these 
modifiable risk factors may preserve patients’ visual acuity without advancing to advanced stages.

Abbreviations: AMD = age-related macular degeneration, BMI = body mass index, CI = confidence interval, CRP = C-reactive 
Protein, CVD = cardiovascular disease, DM = diabetes mellitus, HDL = high-density lipoprotein, HTN = hypertension, HTs = 
hormonal treatments, MeSH = medical subject headings terms, NR  =  not reportedOR = odds ratio, PRISMA = preferred 
reporting items for systematic reviews and meta-analyses, PROSPERO = the International prospective register of systematic 
reviews, RPE = retinal pigment epithelium, SDstandard deviation WHO = World Health Organization.

Keywords: age-related macular degeneration, AMD, meta-analysis, risk factors, systematic review

1. Background
Age-related macular degeneration (AMD) is the most prevalent 
cause of blindness in the elderly population, and it is considered 
a chronic foveal condition that affects a significant portion of 
the global population.[1] The worldwide incidence of AMD cases 
is estimated to be between 30 and 50 million, and as people age, 
these numbers are expected to rise significantly.[1] This condition 
is divided into 2 categories: Dry and Wet AMD. The presence 
of lipid and protein deposits known as drusen, which are found 

between the retinal pigment epithelium (RPE) and the Bruch 
membrane and may be linked to alterations in retinal pigmenta-
tion, are indicative of dry or early AMD, which is asymptomatic. 
While late AMD, also known as wet AMD, is a vision-threatening  
condition that causes choroidal neovascularization to occur in 
the retina.[2]

According to the World Health Organization, in the absence 
of effective intervention and medical treatment for AMD, the 
global population affected by this condition is expected to 
increase to approximately 288 million individuals by the year 
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2040.[3] In developed nations, AMD is the primary cause of irre-
versible vision impairment and blindness in people 60 years of 
age and older. Therefore, it significantly decreases the quality of 
life of patients and is a leading cause of depression and impair-
ment in the elderly population.[3] It is projected that the health 
and socioeconomic burden associated with AMD will rise sig-
nificantly in the near future because of the limited treatment 
options available for the wet type of the disease and the contin-
ually increasing geriatric population.[4,5]

Although the exact cause of AMD is still unclear, a num-
ber of studies have suggested that it results from a compli-
cated interplay of hereditary, environmental, and personal 
variables.[6] As people age, waste products containing lipofus-
cin accumulate in the cells of the RPE. This accumulation is 
further exacerbated by malfunction of the Bruch membrane, 
which increases the membrane’s permeability and leads to the 
deposition of proteins and lipids between the Bruch membrane 
and the retinal pigment layer. After several years, the death 
of RPE cells eventually results in the death of photoreceptor 
cells, which causes vision loss. Certain studies have shown that 
molecular factors may be the cause of AMD, as evidenced by 
the accumulation of C-reactive protein (CRP) in complement 
factor H.[7]

Due to the absence of definitive treatment for AMD and its 
complications, preventive strategies are needed. A critical aspect 
in the prevention of AMD is to remain informed about the asso-
ciated risk factors and to acquire the necessary comprehension 
to identify and manage any preventable comorbidities that 
could contribute to its development. Therefore, we performed 
this systematic review and meta-analysis to provide an updated 
review on the last published study that was more than 2 years 
ago.[8]

2. Methods
This systematic review and meta-analysis followed the pre-
ferred reporting items for systematic reviews and meta- 
analyses (PRISMA) guidelines[9] and utilized the methodological 
framework provided by the Cochrane Handbook of Systematic 
Reviews of Interventions.[10] The review protocol was prospec-
tively registered with the International prospective register of 
systematic reviews (PROSPERO) database (registration ID: 
CRD42023479050).[11]

In this study, 3 reviewers conducted study selection inde-
pendently, while other reviewers independently extracted data 
and assessed study quality. Eventually, all coauthors reviewed 
the final data and discussed all the points of disagreements, with 
additional input as needed.

2.1. Literature search strategy

A comprehensive search strategy was implemented to identify 
relevant studies published within the preceding 2 decades, up 
to January 28, 2024. The databases searched included PubMed, 
Scopus, and Web of Science. The search approach was devel-
oped in cooperation with senior authors and included the use 
of Medical Subject Headings (MeSH) terms, free text terms, 
and the application of Boolean operators. The search string was 
formulated as follows: “(AMD OR ARMD) AND (risk factor 
OR risk factors OR determinant) AND (age OR smoking OR 
cigarette smoking OR cataract surgery OR family history OR  
BMI OR cardiovascular disease OR hypertension OR blood 
pressure OR HTN OR fibrinogen OR gender OR ethnicity OR 
diabetes OR DM OR iris color OR cerebrovascular disease OR 
stroke OR cholesterol OR HDL OR triglycerides OR serum lip-
ids OR edema OR edema OR complications OR satisfaction) 
AND (prospective cohort OR case control OR cross-sectional 
studies).” The reference lists of the included studies were thor-
oughly reviewed to identify any additional relevant publications.

2.2. Study selection

Studies were first screened by the titles and abstracts using 
Rayyan QCRI software.[12] The full texts of the included articles 
were subsequently screened. Inclusion criteria were as follows: 
studies published without time frame limitations; English-
language publications; observational (cohort, case-control, 
cross-sectional) studies; studies involving adult participants; 
and studies reporting data on predefined outcomes of interest. 
Exclusion criteria included non-English publications, studies not 
addressing the outcomes of interest, pediatric studies, narrative 
reviews, case reports, case series, and studies with a high risk 
of bias or low methodological quality. Duplicate studies were 
identified and excluded.

2.3. Outcome measures

The primary outcome measure in this study was late AMD, 
defined as neovascular AMD and geographic atrophy. For each 
study, we included data across all available time points, includ-
ing baseline, 3 months, 6 months, and follow-up, and all avail-
able measures.

2.4. Data extraction

A structured data extraction sheet was prepared in Microsoft 
Excel for the data extraction. The baseline data of the included 
studies were extracted, encompassing variables such as sample 
size, study design, country, age, and gender. Additionally, out-
come data presented as the prediction effect size were extracted, 
including the odds ratio (OR) for different risk factors, such 
as age, gender, body mass index (BMI), smoking, hypertension, 
cardiovascular diseases, diabetes, cerebrovascular diseases, tri-
glycerides levels, and total cholesterol.

2.5. Quality assessment

The quality of the included observational cohort studies was 
appraised using the Cochrane-provided Newcastle-Ottawa 
scale tool.[13] With the exception of the comparison question, 
which is eligible for 2 stars, each of the 8 questions can receive 
a maximum of 1 star. As a result, zero is the lowest score, and 9 
is the highest. Research with a score of 0 to 3 was deemed to be 
of low quality, 4 to 6 was regarded as of moderate quality, and 
7 to 9 was deemed to be of high quality.

2.6. Meta-analysis

The Meta-analysis was conducted using Review Manager 
version 5.4 software[14] We used the generic inverse variance 
for the pooled analysis of ORs by applying the random- 
effect model to account for heterogeneity among the studies. 
We implemented a confidence interval (CI) of 95%, and a 
P-value was considered statistically significant if it was ≤ .05. 
Heterogeneity was assessed using the I² statistic and a P-value 
of .05.

2.7. Sensitivity analysis

Sensitivity analysis was conducted using the leave-one-out 
method on OpenMetaAnalyst to investigate which studies 
caused heterogeneity present in the heterogeneous outcomes.

2.8. Publication bias

Publication bias was evaluated for the variables of age and 
smoking via funnel plot asymmetry analyses conducted in 
Review Manager (RevMan) version 5.4 software.[15]
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3. Results

3.1. Search results and screening

Following a comprehensive search across relevant data-
bases, a total of 2640 articles were initially identified, with 
93 duplicates. Subsequently, 2547 articles underwent title 
and abstract screening, leading to the exclusion of 2472 
articles. This process left 75 articles for full-text screening. 
A more thorough revision was done to the remaining 75 
studies. Thirteen of these were review articles that did not 
meet the inclusion criteria, 7 were non-English articles, 26 
were eliminated because of irrelevant results, and 11 because 
there was not enough data for a meta-analysis. A final 
number of 18 studies were included in the meta-analysis  
(Fig. 1).[16–33]

3.2. Quality assessment

The quality assessment revealed that among the cross- 
sectional studies, 3 were categorized as high quality, while 
4 were rated as moderate quality. Among the case-control 
studies, 2 were deemed high quality, and 1 was classified as 
moderate quality. Concerning cohort studies, 3 were iden-
tified as high quality, with 5 were categorized as moderate 
quality (Table 1).

3.3. Baseline characteristics

This systematic review and meta-analysis encompassed a 
total of 44,440 patients who were diagnosed with AMD and 
whose ages ranged from 40 to over 85 years old. Among the 
18 included studies, the predominant study design was cohort  

Figure 1.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for the searching and screening.
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(8 studies), followed by 7 cross-sectional studies and 3 case- 
control studies. These studies were conducted across various 
countries, including USA, UK, Japan, Korea, Denmark, and oth-
ers, as summarized in Table 2.

3.4. Meta-analysis

3.4.1. Findings by risk factor. 

	 1.	 Age: With an OR of 1.11 (95% CI = 1.06–1.15; 
P < .00001), advanced age was found to be a significant 
risk factor for AMD. Figure 2 demonstrates significant 
heterogeneity (I2 = 84%, P < .00001).

	 2.	 Gender: With an OR of 1.63 (95% CI = 1.13–2.35; P = .009), 
showed that male gender was associated with increased risk 
of AMD compared to female gender, with OR of 1.63 (95% 
CI = 1.13–2.35, P = .009) and there was no heterogeneity 
among the results (I2 = 36%, P = .15; Fig. 3).

	 3.	 Smoking: Exhibited a significant association with 
increased risk of AMD with OR of 1.86 (95% CI = 1.33–
2.6, P = .0003), and there was significant heterogeneity 
among the results (I2 = 81%, P < .00001; Fig. 4).

	 4.	 Hypertension: With an OR of 1.24 (95% CI = 1.09–1.4; 
P = .0007), seems to be a significant determinant of AMD. 
There was no evidence of heterogeneity (I2 = 0%, P = .85; 
(Fig. 5).

	 5.	 Cardiovascular Disease: An OR of 1.44 (95% CI = 1.11–
1.87; P = .006) indicated a significant correlation between 
AMD and CVD. Figure 6 shows moderate heterogeneity 
(I2 = 67%, P = .003).

	 6.	 Diabetes: Due to its OR of 1.44 (95% CI = 1.3–1.6; 
P < .00001), diabetes was considered a significant risk 
factor for AMD. There was no evidence of heterogeneity 
(I2 = 0%, P = .46; Fig. 7).

	 7.	 Other Risk factors: There was no statistically significant 
association between AMD and other risk factors, such as 
BMI, cerebrovascular disorders, cholesterol, or triglycer-
ide levels (Figs. 8–11).

3.5. Sensitivity analysis

Sensitivity analysis was conducted using the leave-one-out 
method for the association between age and risk of AMD, and 
the results showed that the removal of each study was not asso-
ciated with resolving heterogeneity. However, the heterogeneity 
in the smoking outcome was resolved by the removal of studies 
by Park et al[30] and Hogg et al[23] (Fig. 12).

3.6. Publication bias

The assessment of publication bias using funnel plots for age 
and smoking outcomes showed no evidence of publication bias 
(Figs. 13 and 14).

Table 1

Quality assessment of included studies using the Newcastle Ottawa scale for case-control studies.

Study name
Representativeness 
of the samples (★)

Sample 
size (★)

Nonresponse 
rate (★)

Ascertainment 
of screening/

surveillance tool 
(max★★)

The potential confounders 
were investigated by 
subgroup analysis or 

multivariable analysis (★)

Assessment of 
the outcome 
(max★★)

Statistical 
test (★)

Quality 
level

Cachulo 2015 ★ ★ – ★ ★ ★★ ★ High (7)
Cackett 2008 ★ – ★ ★★ ★ ★★ ★ High (8)
Fraser-Bell 2005 ★ – – – ★ ★★ ★ Moderate (5)
Fraser-Bell 2008 ★ – – ★ ★ ★ ★ Moderate (5)
Kawasaki 2008a – – – ★ ★ ★ ★ Moderate (4)
Kawasaki 2008b ★ ★ ★ ★ ★ ★★ ★ High (8)
Park 2023 ★ ★ ★ ★ ★ ★ ★ Moderate (7)

Study name

Is the case 
definition 
adequate? 

(★)
Representativeness 

of the cases (★)

Selection 
of 

Controls 
(★)

Definition 
of 

Controls 
(★)

Comparability of cases 
and controls on the 

basis of the design or 
analysis (max★★)

Ascertainment 
of exposure 

(★)

Same method of 
ascertainment 
for cases and
controls (★)

Nonresponse 
rate (★)

Quality 
level

Hogg 2008 ★ ★ ★ ★ ★ ★ – – Moder-
ate 
(6)

 � Hu 2016 ★ ★ ★ ★ ★★ ★ ★ – High (8)
Mehta and 

Daigavane 
2022

★ ★ ★ ★ ★ ★ ★ – High (7)

Study name

Representativeness 
of the exposed 

cohort (★)

Selection 
of the non 
exposed 
cohort 

(★)

Ascertainment 
of exposure 

(★)

Demonstration 
that outcome of 
interest was not 
present at start 

of study (★)

Comparability 
of cohorts on 
the basis of 
the design 
or analysis 
(max★★)

Assessment 
of outcome 

(★)

Was 
follow-up 

long enough 
for outcomes 
to occur? (★)

Adequacy 
of 

follow-up 
of cohorts 

(★)
Quality 
level

Buch 2005 ★ ★ ★ – ★ ★ ★ – Moderate (6)
Anastasopoulos 

2018
★ ★ ★ – ★ ★ ★ ★ High (7)

Leske 2006 ★ ★ ★ – ★★ ★ ★ – High (7)
Miyazaki 2005 ★ ★ ★ – ★ ★ – – Moderate (5)
Tan 2007 – ★ ★ – ★ ★ ★ – Moderate (5)
Tomany 2004 ★ ★ ★ – ★ ★ ★ – Moderate (6)
Hogg 2023 ★ ★ ★ – ★★ ★ ★ ★ High (8)
Cho 2014 – ★ ★ – ★ ★ ★ ★ Moderate (6)
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4. Discussion
The present study demonstrated the presence of several risk 
factors for the occurrence of AMD. This includes older age, 
male gender, smoking, hypertension, cardiovascular diseases, 
and diabetes. On the other hand, other factors showed no sta-
tistical significance regarding the occurrence of AMD, such as 
cerebrovascular diseases, BMI, cholesterol, and triglyceride 
levels.

In contrast to the last published review,[8] our comprehensive 
search was conducted through 3 different databases (PubMed, 
Scopus, and Web of Science), whereas they used 2 databases 
(Medline and Cochrane). In addition, we reported a signifi-
cant association with male gender, whereas the previous review 
found inconsistent associations with gender.

The current study found that advanced age is a significant 
risk factor for AMD. This finding is consistent with that of 
Evans[16] who reported that age is the greatest risk factor 
for AMD. Furthermore, although age-related alterations can 

contribute to AMD pathogenesis, a disease phenotype can 
only be created when these changes are paired with additional 
genetic, environmental, and lifestyle risk factors, contributing 
to the complex interplay underlying AMD pathogenesis.[17] We 
also noted that a higher risk of AMD is linked to cardiovascu-
lar disorders.

In accordance with our results, a study by Feng et al[18] showed 
that AMD increases the risk of CVDs, and late-stage AMD has a 
greater influence on CVD risk than early-stage AMD. Evidence 
also indicates that the progression of subclinical cardiovascular 
disease is higher in AMD patients than in controls,[19] but not 
vice versa.[20] This corroborates the causal direction shown in 
our investigation. In addition, previous studies by Duan et al[21] 
and Vassilev et al[22] revealed that AMD is strongly related to an 
elevated risk of myocardial infarction. Furthermore, consistent 
with the literature, multiple other studies[23–25] showed a correla-
tion between both AMD and hypertension. However, in con-
trast to earlier findings, other studies have shown no significant 
relationships between AMD and blood pressure.[26,27]

Table 2

Baseline characteristics of the included studies.

Study ID Country Design Age (yr) Gender, male n (%) Sample size

Buch 2005 Denmark Cohort 60 to 80 53 (32.5%) 163
Cachulo 2015 Portugal Cross-sectional 55 to >85 1291 (43.4%) 2975
Cackett 2008 Singapore Cross-sectional 40 to 80 1566 (48%) 3280
Anastasopoulos 2018 USA Cohort 70.8 (5.8) 502 (55.5%) 904
Fraser-Bell 2005 USA Cross-sectional 40 to 89 310 (72.4%) 428
Fraser-Bell 2008 USA Cross-sectional 54.6 623 (1484) 1484
Hogg 2008 UK Case-control 74.97 (6.76) 188 (45.1%) 417
Hu 2016 Taiwan Case-control 67.4 (12.1) 1174 (59.6%) 1970
Kawasaki 2008a Singapore Cross-sectional 59.4 (11.3 1570 (48%) 3265
Kawasaki 2008b Japan Cross-sectional 67.5 (9.1) 31 (48.4%) 64
Leske 2006 USA Cohort 55 (10.3) 942 (2356) 2356
Miyazaki 2005 Japan Cohort 64 (8) 384 (40%) 961
Tan 2007 Australia Cohort 64.4 1040 (42.4%) 2454
Tomany 2004 Australia Cohort 63.3 4098 (43%) 9523
Mehta and Daigavane 2022 India Case-control 65.8 (6.72) 54 (41.54%) 130
Hogg 2023 UK Cohort 63.5 (8.9) NR 3386
Cho 2014 Korea Cohort 55.2 (0.2) 3419 (43.2%) 7899
Park 2023 Korea Cross-sectional >50 NR 2781

Age is presented as mean (SD) or range.
NR = not reported, SD = standard deviation.

Figure 2.  The association of older age with increased risk of AMD. AMD = age-related macular degeneration, CI = confidence interval, IV = independent vari-
able, SE = standard error.
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Based on the National Eye Institute, female patients accounted 
for 65% of prevalent AMD cases in 2010.28 However, mixed 
results regarding gender were reported in previous literature.[29] 
This study reported higher susceptibility among males com-
pared to females. A possible explanation for this might be the 
preventive impact of hormonal treatments on the development 
of AMD in women.[30]

Another important finding is the strong association between 
AMD and smoking status. While Thornton et al[31] confirmed the 
strong association, other studies found no association between 
smoking and AMD.[32,33] Diabetes mellitus was also shown to be 
significantly associated with AMD in the present study, which 
corresponds to prior literature.[34]

Additionally, our findings regarding the nonsignificant 
association of cholesterol and triglycerides with AMD add to 
the ongoing debate about the role of lipids in AMD patho-
genesis. While some studies have identified elevated lipids 

as a risk factor,[35,36] our analysis suggests that the impact 
may be less direct than previously thought. This highlights 
the necessity for further research to dissect the lipid-AMD 
relationship, potentially examining lipid subtypes and their 
interactions with other metabolic conditions. Divergent 
viewpoints exist concerning the correlation between AMD 
and stroke. Numerous studies revealed no significant asso-
ciations between AMD and stroke, in line with the results 
of the current study.[37,38] Moreover, mixed reports were 
published regarding the association of BMI and AMD. Ulaş 
et al[39] demonstrated that high BMI is associated with an 
increased risk of late AMD. Alternatively, Tomany et al[40] 
found no significant association between AMD and BMI, 
which is compatible with our results. The existing meta- 
analysis provides a comprehensive overview of risk factors 
that lead to AMD. However, there are several limitations. 
These include the different study designs of the included 

Figure 3.  Comparison between males and females regarding the risk of AMD. AMD = age-related macular degeneration, CI = confidence interval, IV = inde-
pendent variable, SE = standard error.

Figure 4.  The association between smoking and increased risk of AMD. AMD = age-related macular degeneration, CI = confidence interval, IV = independent 
variable, SE = standard error.
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articles, such as cross-sectional, case-control, and cohort 
studies. The observational nature of these study designs 
marks a major limitation. The differences in adjustments of 
the calculated OR in the included studies may account for 
heterogeneity in some outcomes. Therefore, we recommend 
further longitudinal studies with adjustments for all possible 
confounders to provide more accurate insights into the main 
risk factors of AMD.

5. Conclusion
There are few therapeutic options available for advanced-stage 
AMD. AMD is a complex illness that results in irreversible sight 
loss and is linked to a number of modifiable and non-modifiable 
risk factors. When sight loss has already occurred and there is 
no viable treatment, the condition is typically diagnosed in its 
latter stages. Therefore, early diagnosis is the key to prevent the 
progression of this disease.
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Figure 7.  The association between diabetes and risk of AMD. AMD = age-related macular degeneration, CI = confidence interval, IV = independent variable, 
SE = standard error.

Figure 8.  The relationship between BMI and risk of AMD. AMD = age-related macular degeneration, BMI = body mass index, CI = confidence interval, IV = 
independent variable, SE = standard error.

Figure 9.  The relationship between cerebrovascular diseases and risk of AMD. AMD = age-related macular degeneration, CI = confidence interval, IV = inde-
pendent variable, SE = standard error.
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Figure 11.  The relationship between triglycerides levels and risk of AMD. AMD = age-related macular degeneration, CI = confidence interval, IV = independent 
variable, SE: standard error.

Figure 12.  Leave-one-out analysis of the association of age and smoking with the risk of age-related macular degeneration.



10

Babaker et al.  •  Medicine (2025) 104:8� Medicine

References
	 [1]	 Wong WL, Su X, Li X, et al. Global prevalence of age-related macular 

degeneration and disease burden projection for 2020 and 2040: a sys-
tematic review and meta-analysis. Lancet Glob Health. 2014;2:e106–16.

	 [2]	 Jiang B, Jiang C, Li J, Lu P. Trends and disparities in disease bur-
den of age-related macular degeneration from 1990 to 2019: results 
from the global burden of disease study 2019. Front Public Health. 
2023;11:1138428.

	 [3]	 Cruess A, Zlateva G, Xu X, Rochon S. Burden of illness of neovascu-
lar age-related macular degeneration in Canada. Can J Ophthalmol. 
2007;42:836–43.

	 [4]	 Friedman DS, O’Colmain BJ, Munoz B, et al; Eye Diseases Prevalence 
Research Group. Prevalence of age-related macular degeneration in the 
United States. Arch Ophthalmol. 2004;122:564–72.

	 [5]	 Bressler NM, Bressler SB, Congdon NG, et al. Potential public health 
impact of age-related eye disease study results: AREDS report no. 11. 
Arch Ophthalmol. 2003;121:1621–5.

	 [6]	 Ding X, Patel M, Chan CC. Molecular pathology of age-related macu-
lar degeneration. Prog Retin Eye Res. 2009;28:1–18.

	 [7]	 Johnson P, Betts K, Radeke M, Hageman G, Anderson D, Johnson 
L. Individuals homozygous for the age-related macular degeneration 
risk-conferring variant of complement factor H have elevated levels of 
CRP in the choroid. Proc Natl Acad Sci USA. 2006;103:17456–61.

	 [8]	 Chakravarthy U, Wong TY, Fletcher A, et al. Clinical risk factors for 
age-related macular degeneration: a systematic review and meta-analysis.  
BMC Ophthalmol. 2010;10:1–13.

	 [9]	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71.

Figure 13.  Publication bias of the association between age and risk of AMD. AMD = age-related macular degeneration, OR = odds ratio, SE = standard error.

Figure 14.  Publication bias of the association between smoking and risk of AMD. AMD = age-related macular degeneration, OR = odds ratio, SE = standard 
error.



11

Babaker et al.  •  Medicine (2025) 104:8� www.md-journal.com

	[10]	 Chandler J, Cumpston M, Li T, Page MJ, Welch V. Cochrane 
Handbook for Systematic Reviews of Interventions. Hoboken: Wiley; 
2019.

	[11]	 PROSPERO. International prospective register of systematic reviews. 
https://www.crd.york.ac.uk/PROSPERO/. Accessed November 2, 2023.

	[12]	 Rayyan. Intelligent systematic review. https://rayyan.ai/. Accessed 
November 27, 2023.

	[13]	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the 
assessment of the quality of nonrandomized studies in meta-analyses. 
Eur J Epidemiol. 2010;25:603–5.

	[14]	 Review Manager (RevMan). Version 5.4. Cochrane; 2020. https://
revman.cochrane.org/info. Accessed January 12, 2024.

	[15]	 Anastasopoulos E, Haidich AB, Coleman AL, et al. Risk factors 
for age-related macular degeneration in a Greek population: the 
Thessaloniki Eye Study. Ophthalmic Epidemiol. 2018;25:457–69.

	[16]	 Buch H, Vinding T, La Cour M, et al. Risk factors for age-related mac-
ulopathy in a 14-year follow-up study: the Copenhagen City Eye Study. 
Acta Ophthalmol Scand. 2005;83:409–18.

	[17]	 Cachulo ML, Lobo C, Figueira J, et al. Prevalence of age-related 
macular degeneration in Portugal: the Coimbra Eye Study-Report 1. 
Ophthalmologica. 2015;233:119–27.

	[18]	 Cackett P, Wong TY, Aung T, et al. Smoking, cardiovascular risk factors, 
and age-related macular degeneration in Asians: the Singapore Malay 
Eye Study. Am J Ophthalmol. 2008;146:960–7.e1.

	[19]	 Fraser-Bell S, Donofrio J, Wu J, Klein R, Azen SP, Varma R; Los Angeles 
Latino Eye Study Group. Sociodemographic factors and age-related 
macular degeneration in Latinos: the Los Angeles Latino Eye Study. 
Am J Ophthalmol. 2005;139:30–8.

	[20]	 Fraser-Bell S, Wu J, Klein R, et al. Cardiovascular risk factors and 
age-related macular degeneration: the Los Angeles Latino Eye Study. 
Am J Ophthalmol. 2008;145:308–16.

	[21]	 Hogg RE, Woodside JV, Gilchrist SE, et al. Cardiovascular disease and 
hypertension are strong risk factors for choroidal neovascularization. 
Ophthalmology. 2008;115:1046–52.e2.

	[22]	 Hogg RE, Wright DM, Quinn NB, et al. Prevalence and risk factors 
for age-related macular degeneration in a population-based cohort 
study of older adults in Northern Ireland using multimodal imaging: 
NICOLA Study. Br J Ophthalmol. 2023;107:1873–9.

	[23]	 Hu CC, Lin HC, Sheu JJ, Kao LT. Neovascular age-related mac-
ular degeneration is not associated with coronary heart disease in a 
Chinese population: a population-based study. Acta Ophthalmol. 
2017;95:e587–91.

	[24]	 Kawasaki R, Wang JJ, Aung T, et al; Singapore Malay Eye Study Group. 
Prevalence of age-related macular degeneration in a Malay popu-
lation: the Singapore Malay Eye Study. Ophthalmology. 2008;115: 
1735–41.

	[25]	 Kawasaki R, Wang JJ, Ji GJ, et al. Prevalence and risk factors for 
age-related macular degeneration in an adult Japanese population: the 
Funagata study. Ophthalmology. 2008;115:1376–81, 1381.e1.

	[26]	 Leske MC, Wu SY, Hennis A, et al; Barbados Eye Studies Group. Nine-
year incidence of age-related macular degeneration in the Barbados Eye 
Studies. Ophthalmology. 2006;113:29–35.

	[27]	 Mehta K, Daigavane S. A study of correlates of age-related macu-
lar degeneration in patients attending a tertiary hospital. Cureus. 
2022;14:e26989.

	[28]	 Miyazaki M, Kiyohara Y, Yoshida A, Iida M, Nose Y, Ishibashi T. The 
5-year incidence and risk factors for age-related maculopathy in a gen-
eral Japanese population: the Hisayama study. Invest Ophthalmol Vis 
Sci. 2005;46:1907–10.

	[29]	 Park JY, Kim JS, Sim HE, et al. Prevalence and risk factors of age- 
related macular degeneration features among pilots of the Republic of 
Korea Air Force. Retina. 2022;44:475–86.

	[30]	 Park SJ, Lee JH, Woo SJ, et al; Epidemiologic Survey Committee of 
the Korean Ophthalmologic Society. Age-related macular degener-
ation: prevalence and risk factors from Korean National Health and 
Nutrition Examination Survey, 2008 through 2011. Ophthalmology. 
2014;121:1756–65.

	[31]	 Tan JS, Mitchell P, Smith W, Wang JJ. Cardiovascular risk factors and 
the long-term incidence of age-related macular degeneration: the Blue 
Mountains Eye Study. Ophthalmology. 2007;114:1143–50.

	[32]	 Tomany SC, Wang JJ, Van Leeuwen R, et al. Risk factors for incident 
age-related macular degeneration: pooled findings from 3 continents. 
Ophthalmology. 2004;111:1280–7.

	[33]	 Evans JR. Risk factors for age-related macular degeneration. Prog 
Retin Eye Res. 2001;20:227–53.

	[34]	 Fleckenstein M, Schmitz-Valckenberg S, Chakravarthy U. Age-related 
macular degeneration: a review. JAMA. 2024;331:147–57.

	[35]	 Feng J, Xie F, Wu Z, Wu Y. Age-related macular degeneration and car-
diovascular disease in US population: an observational study. Acta 
Cardiol. 2024;79:665–71.

	[36]	 Fernandez AB, Ballard KD, Wong TY, et al. Age-related macular degen-
eration and progression of coronary artery calcium: the multi-ethnic 
study of atherosclerosis. PLoS One. 2018;13:e0201000.

	[37]	 Klein R, Cruickshanks KJ, Myers CE, et al. The relationship of ath-
erosclerosis to the 10-year cumulative incidence of age-related 
macular degeneration: the Beaver Dam studies. Ophthalmology. 
2013;120:1012–9.

	[38]	 Duan Y, Mo J, Klein R, et al. Age-related macular degeneration is asso-
ciated with incident myocardial infarction among elderly Americans. 
Ophthalmology. 2007;114:732–7.

	[39]	 Vassilev ZP, Ruigómez A, Soriano-Gabarró M, Rodríguez LA. 
Diabetes, cardiovascular morbidity, and risk of age-related macular 
degeneration in a primary care population. Invest Ophthalmol Vis Sci. 
2015;56:1585–92.

	[40]	 Kahn HA, Leibowitz HM, Ganley JP, et al. The Framingham Eye 
Study: II. Association of ophthalmic pathology with single variables 
previously measured in the Framingham Heart Study. Am J Epidemiol. 
1977;106:33–41.

https://www.crd.york.ac.uk/PROSPERO/
https://rayyan.ai/
https://revman.cochrane.org/info
https://revman.cochrane.org/info

