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Abstract

Importance: One of the top ten causes of disability in the United States is vision loss, primarily 

due to age-related eye diseases such as age-related macular degeneration. With an aging 

population, the number of people affected by this condition is expected to rise. Patients 

increasingly turn to the internet for health-related information, but no standard exists across 

published websites.

Objective: To assess the quality, content, accountability and readability of information found 

online for age-related macular degeneration.

Design: This cross-sectional study analyzed 12 freely available medical sites with information on 

age-related macular degeneration and used PubMed as a gold standard for comparison. Thirty-four 

questions were composed to include information most relevant to patients and each website was 

independently evaluated by one vitreoretinal surgeon, two vitreoretinal fellows and one 

ophthalmology resident. Readability was analyzed using an online readability tool. The JAMA 

benchmarks were used to evaluate the accountability of each site.

Setting: Freely available online information was used in this study.

Results: The average questionnaire score for all websites was 90.23 (SD 17.56, CI 95% ±9.55) 

out of 136 possible points. There was a significant difference between the content quality of the 

websites (P=0.01). The mean reading grade for all websites was 11.44 (SD 1.75, CI 95% ±0.99). 

No significant correlation was found between content accuracy and the mean reading grade or 

Google rank (r=0.392, P=0.207) and r=0.133, P=0.732 respectively). Without including PubMed, 

only one website achieved the full 4 JAMA benchmarks. There was no correlation between the 

accuracy of the content of the website and JAMA benchmarks (r=0.344, P=0.273). The 
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interobserver reproducibility was similar among 3 out of 4 observers (r=0.747 between JS and NT, 

r=0.643 between JS and NP, r=0.686 between NP and NT, r=0.581 between JS and NY; P≤0.05

Conclusion and Relevance: The freely available information online on age-related macular 

degeneration varies by source but is generally of low quality. The material presented is difficult to 

interpret and exceeds the recommended reading level for health information. Most websites 

reviewed did not provide sufficient information using the grading scheme we used to support the 

patient in making medical decisions.
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Introduction

Age-related macular degeneration (AMD) is an chronic degenerative disease of the retina 

that affects central vision.1 It is a common cause of vision loss worldwide, particularly seen 

in individuals older than 55 years of age.2 An estimated 8.7% of the world’s population 

currently suffers from this disease, and the number is projected to increase.3 Furthermore, 

AMD is associated with a reduction in quality of life and activities of daily living.4 With an 

aging population, it is expected that the number of people affected by AMD will rise to 196 

million in the year 2020, and to 288 million by 2040.3

After diagnosis of a chronic condition, patients may search for health-related information 

online. Studies have shown that the use of online information can reduce anxiety and 

depression, and aid in patient empowerment.5–7 Health related searches center around 

information regarding a condition, symptoms, and treatment.8 Notably, those resources 

found online can impact the patient’s medical decision-making.9,10 Since websites are not 

regulated, the information displayed can have varying degrees of quality and accuracy. In 

general, people assess the credibility of the website based on the source, particularly if 

associated with a professional organization, design, and ease of use.11 While important, 

neither of these markers guarantees that the information presented is complete and without 

bias. Moreover, an increasing number of people are accessing the internet for health content 

and advice. In the United States (US) about 70% of adults use the internet for this purpose, 

while in the United Kingdom the number has doubled since 2005, from 37% to 69%.12,13 As 

such, it is crucial to investigate the quality of the health-related material patients access.

The capacity to understand and act on health information is a strong predictor of overall 

health, and patients that are well-informed participate more in their care.14,15 However, 

while medical content is easily available, it does not mean that those viewing it can read or 

interpret it appropriately. In the US, many adults struggle with health literacy and may not 

have the skillset needed to process and understand basic health information.16,17 The 

National Assessment of Adult Literacy (NAAL) recommends that health information should 

be written at the sixth-grade level or below.18 Nevertheless, online medical information has 

been shown to exceed this recommended reading level indicating that a substantial number 

of patients may not actually benefit from the use of these resources.19
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To help patients use free and readily available health-related services appropriately, it is 

important for physicians to be informed of what resources are available. This study aims to 

evaluate the quality, accountability, and readability of major medical websites regarding 

AMD.

Methods

Website Selection and Content Analysis

A Google search was conducted by entering the term “age-related macular degeneration” 

into the search engine. Major medical sites were selected for analysis, including the 

American Academy of Ophthalmology (https://www.aao.org/), All About Vision (https://

www.allaboutvision.com/), American Optometric Association (https://www.aoa.org/), 

American Society of Retinal Specialists (https://www.asrs.org/), EyeWiki (https://

eyewiki.org/), American Macular Degeneration Foundation (https://www.macular.org), 

Mayo Clinic (https://www.mayoclinic.org/), Medical News Today (https://

www.medicalnewstoday.com/), MedicineNet (https://www.medicinenet.com/), National Eye 

Institute (https://nei.nih.gov/), WebMD (https://www.webmd.com/), and Wikipedia (https://

www.wikipedia.org/). PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) was used as the 

gold standard of the content each site should contain. Website selection was correlated and 

confirmed with prior similar studies.20,21 The rank of each website was recorded. Each 

website was evaluated for the presence of low vision accessibility features including the 

possibility of increasing font size, adjustment to contrast, and reading text as audio. If a 

website consisted of multiple links or tabs, all areas of the website were accessed and 

evaluated.

An evaluation was conducted of 34 questions composed by the authors based on frequently 

encountered questions by patients (Table 1). They were designed to encompass information 

generally conveyed during a patient evaluation and used to assess the accuracy and 

completeness of the content in each website. Only these questions were utilized to compare 

PubMed to the selected websites. One vitreoretinal surgeon (JS), two vitreoretinal surgery 

fellows (NY and NP) and one ophthalmology resident (NT) independently analyzed each 

website. A grading scheme was created with a scale from 0–4, with 4 as a maximum, to 

assess each question. A score of 0 represents that no information for that question was 

available; 1 point corresponds to an answer that is unclear, inaccurate, or omits significant 

information and displays poor organization; 2 points corresponds to an answer that is 

partially complete and somewhat addresses the concept, but has gaps in information and 

organization; 3 points correspond to a question that provides essential elements to answer 

the question and addresses the most relevant points in a focused and organized way; lastly 4 

points corresponds to an answer that is accurate and thorough, it explains the information in 

a clear, focused, and organize manner. The interobserver reproducibility was measured using 

a Spearman correlation. The average score between the 4 observers was used to compare the 

quality of each site. The mean score of each site was correlated to its rank on Google.com.
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Accountability Analysis

The Journal of the American Medical Association (JAMA) instituted the use of four 

benchmarks in 1997 to identify websites that lacked accountability.22 The four key features 

that every website should list are: authorship, attribution or sources, currency or date of 

update, and disclosures.

Readability Analysis

Each website was evaluated for total words, average number of sentences, average number 

of syllables per word, and average words per sentence. The Flesch Reading Ease Score 

provides a score ranging from 0–100, with a higher score indicating an easier to read text. It 

is accepted that a score of 80–70 can be understood by a seventh grader. Reading grade level 

was evaluated through the Flesch Kincaid Grade Level, Gunning Fog Index, Coleman Liau 

Index, and Simple Measure of Gobbledygook (SMOG) Index. The analysis was carried out 

by using an online readability tool (Readable).23 Since PubMed is not a resource meant for 

the layperson, this website was not included in this analysis.

Statistical Analysis

All statistical analysis was carried out with IBM SPSS Statistics for Windows, version 25.0, 

released 2017 (Armonk, NY: IBM Corp). Interobserver reproducibility, and correlation 

calculations was done using a Spearman correlation test. Data was analyzed using the 

Kruskal-Wallis test, with a post-hoc Dunn-Bonferroni test to evaluate pairwise comparison. 

Statistical significance was set at P≤0.05 for all statistical analysis.

Results

Website Selection and Content Analysis

13 websites were analyzed in our study. The only website that offered the possibility of 

changing the font size was ASRS. None of the 13 websites included option for changing or 

reversing the contrast, or having the text read as audio. AOA did have a section on website 

accessibility with instructions on how to modify the internet browser to accomplish these 

tasks. The interobserver reproducibility was strong among 3 out of 4 observers (r=0.747 

between JS and NT, r=0.643 between JS and NP, r=0.686 between NP and NT, r=0.581 

between JS and NY; P≤0.05 and r=0.494 between NY and NP, r=0.377 between NY and NT; 

P≥0.05). The average questionnaire score for all websites was 90.23 (SD 17.56, CI 95% 

±9.55) out of 136 possible points. There was a statistically significant difference of content 

accuracy and completeness between websites (H=25.456, P=0.01). After PubMed, EyeWiki 

was the top scoring website, with an average of 105.25 points, representing 77% of total 

possible points. AOA was the lowest scoring website with an average of 57.25 points, which 

represents 42% of total possible points (Table 2). There was a significant difference between 

PubMed and the two lowest scoring websites, AOA and WebMD (H=−44.250, P=0.003; H=

−36.625, P=0.049 respectively). Out of the 34 questions used to carry out the analysis, 14 

had a significant difference between websites (highlighted questions in Table 1). There was 

no significant correlation between the rank in Google.com and the content quality of the 

website (r=0.133, P=0.732).
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Accountability Analysis

Without including PubMed in the analysis, only 1 website (9.00%) achieved the full 4 

JAMA benchmarks, and 2 (18.00%) websites achieved 3 of the 4 JAMA benchmarks (Table 

3). The most commonly displayed attributes were currency and authorship (9 and 6 of 12, 

respectively), and only EyeWiki fulfilled the disclosure criteria. There was no correlation 

between the content quality of the website and JAMA benchmarks (r=0.344, P=0.273).

Readability Analysis

The mean Flesch Reading Ease Score was 46.15 (SD 11.86, CI 95% ±6.71). The mean 

reading grade for all websites was 11.44 (SD 1.75, CI 95% ±0.99; Table 4). There was a 

significant correlation between the FRE score and mean reading grade level (r=−0.958, 

P<0.001). There was a significant difference between the mean reading grade level of the 

websites analyzed (H=37.18, P<0.001). No significant correlation was found between 

website quality and the mean reading grade (r=0.392, P=0.207).

Discussion

Accessibility to high-quality educational material is an essential tool for patients to take an 

active role in the management of their health.24 However, information regarding the quality 

of the material found online is often scarce. This study aimed to evaluate the accuracy, 

accountability, and readability of AMD information available online.

AMD is the leading cause of vision loss in the elderly population of the United States.25 The 

principal goal in management of patients who suffer from AMD is to slow the progression of 

the disease. Early diagnosis and treatment are fundamental to optimize vision, especially in 

those patients with wet AMD.26 Treatment in the form of intravitreal injections of anti-

vascular endothelial growth factor (VEGF) has been shown to not only slow down the 

progression of the disease, but also improve visual acuity.26 However, this requires a close 

patient-physician relationship with continuous follow-up and consistent therapy cycles. The 

use of inaccurate online health information by patients can strain this relationship, and lead 

to treatment non-compliance.27,28 When patients value online information above the 

physician’s recommendation, the relationship can become conflicted resulting in a higher 

likelihood of patients ignoring the physician’s expertise.29 In patients with AMD one of the 

most common reasons for discontinuation of anti-VEGF injections is the disbelief in benefits 

of this treatment.30 A possible cause is the use of online resources that are inaccurate or not 

written at the appropriate reading level. Misinterpretation of information, especially of 

treatment options and their risks and benefits, can affect a patient’s medical decision making 

and their willingness to undergo repetitive treatment.

Overall, there was a significant difference in the quality of the information on AMD 

provided by the websites analyzed. In particular, AOA and WebMD were found to have 

significantly poor content compared to PubMed. EyeWiki scored the highest out of all 

websites evaluated, and received 105.25 points out of 136, representing a 77.4%. While this 

website performed better when compared to others, it is still not an ideal source. A recent 

study that analyzed online information on diabetic retinopathy found that this same website 
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only scored a 49%, while the highest scoring website, Wikipedia, earned 74% of the 

maximum points. The difference in content quality across topics from the same source 

further demonstrates a lack of standardization in written material.21 Moreover, websites 

were found to have deficits on specific topics important to patient care including AMD 

diagnosis, risk factors, potential treatments, and low vision aids. Poor quality information 

can result in requests for unnecessary tests or treatments and negatively impact the patient-

physician relationship.31 In order to prevent this, it is important for physicians to be aware of 

the limitations of online information to appropriately educate their patients.

The Google rank is an important predictor of which information will reach patients.32 It is 

well known that websites in higher positions on search pages are associated with reputability 

and, therefore, higher traffic.33 In this study, there was no correlation between the position in 

Google.com with the quality of the content. Wikipedia, a free encyclopedia that can be 

edited by its users, generally ranks among the top first ten results when searching health-

related keywords on different search engines.34 However, this well-known source of 

information scored 5 out of 12 in our quality analysis with an overall score of 84.25 of 136. 

The misconception that rank and website credibility and quality are correlated must be 

corrected. Patients looking for online health information should be made aware of this, since 

this metric cannot be used as an indicator of quality.

A validated tool to assess the accountability of each site is the JAMA benchmark. Only 

EyeWiki, a website by the American Academy of Ophthalmology, met all four benchmarks 

while most websites only met two or less (9 of 12). This indicates that major medical sites 

reporting information on AMD have poor accountability. There was no correlation between 

JAMA benchmarks and website quality (r=0.344, P=0.273) or Google Rank (r=0.133, 

P=0.732) indicating that these benchmarks cannot be used to identify which websites have 

reliable information. Interestingly, these results are not surprising. A study on online 

information regarding diabetic retinopathy found that out of the elven websites analyzed, 

none met the four JAMA benchmarks.21 That same study also showed no correlation 

between JAMA benchmarks and website quality or Google Rank, indicating that lack of 

accountability might be a generalized issue found in online medical resources.

Patient education materials are often written at a level above the recommended national 

average. One of the primary findings of this study is that the available patient information 

online for AMD is poorly comprehendible for a layperson. On average, an eleventh-grade 

education was needed to digest the information, which surpasses the recommendation of the 

NAAL. The most complex website was EyeWiki with a mean reading grade of 14.53; this is 

not unexpected, as EyeWiki is designed for primary consumption by eye providers. While 

EyeWiki received the highest quality score, no correlation was found between the average 

score received by a website and the reading grade level. This demonstrates that regardless of 

quality and source, ophthalmological websites are generally difficult to read. In order to 

encourage patient understanding and education, the material provided must be easy to read. 

Physicians and professional associations should take this into consideration when creating 

material to supplement patient education. Interestingly, only one website offered a large-font 

format of their text, and none of the websites analyzed included any other low-vision 
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accessibility features. Given that patient with AMD can have significantly reduced vision, 

websites should consider offering these features to aid the legibility of their resources.

As the use of the internet for health-related content continues to increase, action must be 

taken to ensure that patients are accessing high-quality resources. While certain tools, such 

as the HONcode, have been developed to audit online information, there is no methodology 

in place to regulate the material presented online.32 Therefore, both national health 

organizations and individual physicians should help direct patients to validated resources. 

Organizations can ensure information on their website is up to date, complete, and 

importantly, written at a sixth-grade level or below. Meanwhile, physicians can complement 

patient education by providing written materials as well as a list of validated sources.

This study had some inherent limitations. The keyword “age-related macular degeneration” 

was used to select websites, which may be different from the terminology used by patients. 

Additionally, because this study centered on AMD, it may not be applicable to other 

ophthalmic diseases. Lastly, the interobserver reproducibility showed that 3 of the 4 graders 

had strong correlations with each other, while the fourth one had weak to moderate 

correlations. Taken together, the discrepancy found between the observers can be related 

both to the subjective nature of the study and the small number of observations (n=13).

An important source of medical education materials for patients are those provided by 

electronic medical records (EMRs). Companies such as Healthwise, Inc. (Boise, ID) can be 

integrated directly into the EMR to provide printouts of medical information at the end of a 

patient visit or hospitalization. Future studies should analyze the content being provided and 

compare it to other available resources such as online material.

Conclusion

This study revealed that in general patient education material on AMD is of low quality and 

accountability. Websites available to patients have substantially less information than 

reference sources commonly utilized by physicians, such as PubMed. In addition, the 

sources analyzed were written at a reading level higher than the nationally recommended 

one. These results suggest that health professionals should advise patients against utilizing 

the internet as their primary source of information and consider characteristics such as 

readability when providing written material.
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