
Review began 08/24/2023 
Review ended 09/13/2023 
Published 09/26/2023

© Copyright 2023
Mehra et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Evaluating the Quality, Readability, and Activity
of Online Information on Brain Arteriovenous
Malformations
Mehul Mehra  , Pierce A. Brody  , Sai Suraj Kollapaneni  , Om Sakhalkar  , Scott Rahimi 

1. Neurological Surgery, Medical College of Georgia, Augusta University, Augusta, USA

Corresponding author: Pierce A. Brody, piercebrody@gmail.com

Abstract
Introduction
Brain arteriovenous malformations (AVMs) are vascular deformities created by improper connections
between arteries and veins, most commonly in the brain and spinal cord. The management is complex and
patient-dependent; further understanding of patient education activities is imperative. Internet access has
become more ubiquitous, allowing patients to utilize a large database of medical information online. Using
Google Trends (GT) (Google LLC, Mountain View, CA, USA), one can see the public interest in a particular
topic over time. Further, when presented with numerous search results, patients may not be able to identify
the highest-yielding resources, making objective measures of information quality and readability
imperative.

Methods
A GT analysis was conducted for “hereditary hemorrhagic telangiectasia,” “cerebral aneurysm,” and
“arteriovenous malformation”. These relative search volumes (RSV) were compared with the 2017 to 2019
annual USA AVM diagnosis quantity for correlation. These RSVs were also compared with the 2017 to 2019
annual USA deaths due to cerebral hemorrhagic conditions. One search was conducted for “brain
arteriovenous malformation”. Since most users looking for health information online use only the first page
of sources, the quality and readability analyses were limited to the first page of results on Google search.
Five quality tools and six readability formulas were used.

Results
Pearson’s correlation coefficients showed positive correlations between USA AVM RSVs and annual AVM

deaths per capita from 2017 to 2019 (R2=0.932). The AVM annual diagnosis quantity and AVM RSVs showed a

strong positive correlation as well (R2=0.998). Hereditary hemorrhagic telangiectasia and cerebral
aneurysms had strong positive correlations between their RSVs and their corresponding annual diagnoses in

the 2017 to 2019 time period (R2=0.982, R2=0.709). One-way ANOVA, for USA’s 2004 to 2021 AVM RSVs and
2004 to 2019 deaths per capita, displayed no month-specific statistically significant repeating pattern (all
p>0.483). The DISCERN tool had four websites that qualified as “poor” and five as “good.” The average score
for the tool was “good.” The Journal of the American Medical Association (JAMA) benchmark scores were
very low on average, as four websites achieved zero points. There was a wide variance in the currency,
relevance, authority, accuracy, and purpose (CRAAP) scores, indicating an inconsistent level of webpage
reliability across results. The patient education materials assessment tool (PEMAT) understandability
(86.6%) showed much higher scores than the PEMAT actionability (54.6%). No readability score averaged at
or below the American Medical Association (AMA)-recommended sixth-grade reading level.

Conclusion
These GT correlations may be due to patients and families with new diagnoses researching those same
conditions online. The seasonality results reflect that no prior research has detected seasonality for AVM
diagnosis or presentation. The quality study showed a wide variance in website ethics, treatment
information quality, website/author qualifications, and actionable next steps regarding AVMs. Overall, this
study showed that patients are routinely attempting to access information regarding these intracranial
conditions, but the information available, specifically regarding AVMs, is not routinely reliable and the
reading level required to understand them is too high.

Categories: Neurology, Neurosurgery, Public Health
Keywords: hereditary hemorrhagic telangiectasias, cerebral aneurysms, arteriovenous malformations, readability,
quality of information, seasonality, google trends
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Brain arteriovenous malformations (AVMs) are vascular deformities created by improper connections
between arteries and veins, most commonly in the brain and spinal cord, that contribute to 1% to 2% of all
strokes [1]. Although AVMs can be sporadic, certain diseases can predispose individuals to their formation,
or they can occur concurrently with other anatomic abnormalities. For example, hereditary hemorrhagic
telangiectasia (HHT) is a genetic disorder that leads to the improper development of blood vessels and a
subsequently higher prevalence of AVMs [2].

A deeper understanding of patient education activities is imperative, as current AVM management is
complex and patient-dependent. With modern internet access becoming more ubiquitous, patients now
utilize a large database of medical information available online. Patients can self-educate about diseases
using a variety of online resources via search engines. Daily, 8.5 billion searches occur on Google Search
(Google LLC, Mountain View, CA, USA), making it the most frequently used search engine. Google Trends
(GT), a database created by Google, contains the number of search queries about individual topics processed
by Google Search since 2004 and normalizes those values against similar topics [3]. Using GT, one can see
the public interest in a particular topic over time.

Previous studies have implemented GT data to monitor public interest in certain medical topics. Studies
have demonstrated public interest trends across seasonal, demographic, and geographic variations [4].
Monitoring GT data has also been used to supplement current data sources to track contemporary public
health issues, as one study used GT data to monitor the opioid overdose epidemic [5]. Furthermore, current
and future applications include the ability to predict patient decisions and trends, which can be utilized to
make decisions that affect public health [6]. We hypothesize that there will be a statistically significant
relationship between the number of Google searches for AVMs and the incidence of brain AVMs.

Secondly, we plan to investigate the quality and readability of the information generated by search queries
related to AVMs. The algorithm incorporated into Google Search attempted to present resources deemed
relevant to a user’s query. These resources each have unique characteristics, such as origin (i.e., government
organization, personal blog), intended purpose (i.e., commercial, educational), and overall quality. When
presented with numerous search results, patients may not be able to identify the highest-quality resource.
Analysis of online resources using objective rating tools will allow us to evaluate the quality of the online
medical information currently available on AVMs. Prior studies investigating other medical topics have
concluded that the information quality and readability on websites aimed at educating the public are
unreliable [7-9].

Additionally, effective media literacy empowers patients to analyze a wide swath of health information and
make informed decisions. Currently, the American Medical Association (AMA) and the National Institute of
Health (NIH) recommend that healthcare information should be below a sixth-grade reading level to
efficiently inform the public [10]. While information synthesis falls to the patients and their families,
providing readable, accurate, and unbiased medical sources for the wider population with varying levels of
literacy is the responsibility of the wider healthcare establishment.

The overall intention of this study is to provide an end-to-end analysis of AVM information and activity
online. The study comprises an analysis of online activity regarding AVMs as well as an objective analysis of
information quality and readability in order to understand the role of the internet in mapping out interests
and in the general population’s attempt to self-educate.

Materials And Methods
Google Trends
Due to the status of the data used as public and deidentified, this study was exempt from Institutional
Review Board review. The GT data is measured in relative search volumes (RSV). These scores range from 0
to 100 and are a normalized proportion of the absolute search volume compared to the total search volume
for the given topics, time periods, and locations specified. The database includes spelling mistakes and
plural forms of searches in the analysis of a specified term.

The GT analysis was conducted for “hereditary hemorrhagic telangiectasia,” “cerebral aneurysm,” and
“arteriovenous malformation”. This analysis utilized the “health” topic filter using the regions “worldwide”
and “USA.” These RSVs were compared with the 2017-2019 Healthcare Cost and Utilization Project Database
(HCUP) National Inpatient Sample (NIS) for correlation analysis between RSVs and nationwide diagnoses
quantity [11]. These GT scores were also compared with the 2017-2019 CDC Wonder Underlying Cause of
Death in the USA for correlation analysis between RSVs and nationwide deaths [12]. The International
Classification of Diseases, 10th Revision (ICD-10) codes I67.1 (cerebral aneurysm, nonruptured), I78.0
(HHT), and Q28.2 (AVMs of cerebral vessels) were from CDC Wonder. The correlation analysis was performed
with Pearson’s correlation coefficient.

Seasonality was assessed for the GT AVM RSVs from 2004 to 2021 and the CDC Wonder nationwide deaths to
determine if specific months had an increase or decrease in public interest, as fluctuations in term interest
may indicate increases or decreases in diagnoses and deaths. This part of the analysis was performed by a
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one-way ANOVA with α = 0.05. Finally, two-tailed, two-sample z-tests compared the effect of the COVID-19
era on RSV trends.

Quality of Internet information
One search was conducted for “brain arteriovenous malformation”, which was the term selected to limit
overlap with information regarding the less common AVMs occurring outside of the central nervous system.
Since most searchers looking for health information online use only the first page of sources, the quality and
readability analyses were limited to the first page presented on Google Search [13]. As the tools selected for
the analysis in this study are built for websites only, search results that were labeled as or consisted of only
PDFs, videos, advertisements, or duplicate webpages were excluded. Google search was conducted in
incognito mode on December 15th, 2021. The search was performed in Augusta, Georgia, in order to obtain
results specific to the United States. Two authors were chosen to be co-raters for the selected websites and
conducted independent scoring between December 15, 2021, and February 12, 2022. The scoring systems
used were the DISCERN instrument, the Journal of the American Medical Association (JAMA) benchmarks,
the Health On The Net Foundation code (HONcode), the Patient Education Materials Assessment Tool
(PEMAT), and the currency, relevance, authority, accuracy, and purpose (CRAAP) test.

The DISCERN instrument is a tool for grading health information online, consisting of 16 questions with
scores from 1 to 5. A score of 1 is given for a pure 'no', 5 for a pure 'yes', and 2 to 4 are given for websites that
only partially fulfill the question. The tool is grouped into three question categories. (1) Is the publication
reliable? (2) How good is the quality of information on treatment choices? And (3), what is the overall rating
of the publication? Furthermore, websites were given one of the five grades: excellent (63-75), good (51-62),
fair (39-50), poor (27-38), and very poor (15-26) based on overall scores [14].

The HONcode is an ethical code created by the HON Foundation and endorsed by the World Health
Organization. The code is a framework for interpreting health information websites’ ethics. It consists of
eight values: authority, complementarity, confidentiality, attribution, justifiability, transparency, financial
disclosure, and advertising policy [15]. The JAMA benchmarks are a simplified code of ethics (authorship,
attribution, disclosure, and currency). The code is intended to provide users with an efficient tool for judging
a website’s ethics [16].

The CRAAP test used in this study is an altered version of a tool that was originally designed to evaluate
reliability across many media formats and subjects. This altered CRAAP test was revamped for quality by
other researchers for quality of health information analysis. The tool consists of 23 questions for assessing
accuracy, authorship, and various biases [17].

The PEMAT is a two-part tool intended to evaluate patient education materials in various media. The
questions are split into an understandability section, designed to assess if consumers of various backgrounds
can understand the key concepts, and an actionability section, designed to assess how much consumers of
various backgrounds are able to do with the information and tools provided [18]. Previous studies have used
a nonempirical cutoff of 70%, where scores below would be considered poorly actionable and poorly
understandable [19,20].

The HONcode and JAMA benchmarks are designed to evaluate a single linked webpage in the context of the
full website. This requires raters to navigate to links within the home website to collect ancillary
information. Contrarily, DISCERN, PEMAT, and CRAAP are used to analyze a single webpage or information
material only. The PEMAT is the only tool designed to assess media formats other than text, specifically
visual aids and actionable tools (e.g., checklists).

The analysis of websites was done with descriptive statistics, as the sample size used was too small for more
complex statistics. The inter-rater reliability was analyzed using Cohen’s Kappa test for the rating tool on
each website. Cohen’s Kappa results are interpreted as excellent (1.00-0.75), good (0.74-0.60), fair (0.59-
0.40), and poor agreement (<0.40). After the inter-rater reliability was calculated, raters discussed the
discrepancies and created a set of consensus scores for each website.

Quality analysis of websites was performed with descriptive statistics from the consensus scores, as the
sample size used was too small for more complex statistics. Descriptive statistics were further stratified by
multiple website characteristics. The first set of groupings were the website categories: government,
commercial, and academic/nonprofit/healthcare providers. The second set of groupings was whether
websites displayed the HON logo or not. The HON Foundation allows webpages to display the logo if they
apply and satisfy the ethical principles set forth by the foundation.

Readability analysis
The websites assessed for quality were also analyzed using readability formulas. The analysis was conducted
by pasting only a website’s article text into the Readble calculator (AddedBytes, Horsham, UK) [21].
Descriptive statistics were used again for the readability analysis and were also subdivided by website
category and HONcode logo status.
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The analysis used six unique formulas to achieve a wider breadth of information. The tests each use a unique
set of sentence, word, and overall passage characteristics to output a result communicating the minimum
grade level of education required to understand the passage of text. Five of the tests output a grade level:
Flesch-Kincaid Grade Level (FKGL), Gunning Fog Index (GFI), Coleman-Liau Index (CLI), Simple Measure of
Gobbledygook Index (SMOG), and Automated Readability Index (ARI). The sixth test, Flesch-Kincaid Reading
Ease (FKRE), outputs a result that requires further interpretation to determine the grade level.

The FKRE and FKGL each use average sentence length by both the number of words and by syllables per word
[22,23]. The GFI examines the proportion of words consisting of three or more syllables relative to the total
number of words, along with the average sentence length [24]. The CLI makes use of the average character
count per 100 words as well as the average sentence count per 100 words [25]. The SMOG analyzes 10-
sentence samples from the beginning, middle, and end of the text, calculating the square root of the quantity
of polysyllabic words per sentence [26]. The ARI analyzes the average words per sentence and characters per
word [27].

Results
Google Trends
Pearson’s correlation coefficients showed positive correlations between USA AVM RSVs and annual AVM
deaths per capita from 2017 to 2019 (R2=0.932) (Figure 1). The AVM NIS annual diagnosis quantity and AVM
RSVs showed a strong positive correlation as well (R2=0.998) (Figure 2). The HHT and cerebral aneurysms
had strong positive correlations between their RSVs and their corresponding NIS annual diagnoses in the
2017 to 2019 time period (R2=0.982, R2=0.709). The HHT RSVs had a strong positive correlation with CDC
Wonder AVM deaths (R2=0.971) and deaths per capita (R2 = 0.971). Cerebral aneurysms exhibited a
moderately positive correlation with AVM deaths (R2=0.617) and deaths per capita (R2=0.615). The HHT and
cerebral aneurysms also had strong positive correlations between their RSVs and AVM diagnoses in the 2017
to 2019 time period (R2=0.789, R2=0.875).

FIGURE 1: Associations of brain AVM deaths per capita and Google
Trends scores with the prevalence of cerebral aneurysms, HHT, and
brain AVM
AVM: Arteriovenous malformations, HHT: Hereditary hemorrhagic telangiectasias
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FIGURE 2: Associations of brain diagnoses and Google Trends scores
with the prevalence of cerebral aneurysms, HHT, and brain AVM
AVM: Arteriovenous malformations, HHT: Hereditary hemorrhagic telangiectasias

One-way ANOVA (α = 0.05) for the USA’s 2004 to 2019 (pre-COVID-19) and 2004 to 2021 (with COVID-19)
RSVs and 2004 to 2019 deaths per capita displayed no month-specific statistically significant repeating
pattern or seasonality (all p > 0.483). November-specific seasonality was detected for worldwide 2004 to 2019
and 2004 to 2021 GT scores (p=0.0189, p=0.0131). Two-tailed, two-sample z-tests evaluated the worldwide
and USA average monthly popularity z-scores change between 2004 and 2019 and 2004 and 2021, revealing
no statistically significant impact of COVID-19 on RSVs.

Quality of information
The search resulted in nine links without any results meeting the exclusion criteria. There were eight
academic/nonprofit/healthcare provider websites, one government website, and zero commercial websites.
The single government website (https://medlineplus.gov/ency/article/000779.htm) had better quality scores
on every tool except PEMAT understandability when compared to the average
academic/nonprofit/healthcare scores (Table 1). There were only two websites that displayed the HONcode
logo. When compared to their counterparts without the logo, websites with the logo averaged higher scores
in CRAAP, HONcode, JAMA Benchmarks, and PEMATunderstandability while averaging lower scores in
DISCERN and PEMAT actionability. Cohen’s Kappa scores averaged excellent inter-rater reliability for each
tool individually (Table 2). One website had a Cohen’s Kappa score that qualified as good for DISCERN
(https://www.mayoclinic.org/diseases-conditions/brain-avm/symptoms-causes/syc-20350260). All other
individual scores qualified as excellent.

All websites DISCERN CRAAP HONcode
JAMA

benchmarks

PEMAT

understandability

PEMAT

actionability

Flesch-Kincaid

Reading Ease Score

Flesch-Kincaid

Grade Level

Gunning-

Fog Index

Coleman-

Liau Index

SMOG

Index

Automated

Readability Index

Mean 41.6 23.9 3.44 1 86.6% 54.6% 56.0 8.46 10.6 11.0 11.2 8.20

Standard Deviation 4.80 6.39 1.24 1 6.28% 34.4% 9.58 1.87 2.19 1.61 1.56 2.00

Range 36 to 49
15 to

30
2 to 5 0 to 2 75% to 93.8% 0% to 100% N/A N/A N/A N/A N/A N/A

Mean Percentage of

Maximum
51.9% 70.3% 43.1% 25.0% N/A N/A N/A N/A N/A N/A N/A N/A

Government

websites
DISCERN CRAAP HONcode

JAMA

benchmarks

PEMAT

understandability

PEMAT

actionability

Flesch-Kincaid

Reading Ease Score

Flesch-Kincaid

Grade Level

Gunning-

Fog Index

Coleman-

Liau Index

SMOG

Index

Automated

Readability Index

Mean 49 30 4 2 85.7% 75.0% 63.8 6.30 7.70 9.30 9.20 5.60

Standard Deviation N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Range N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Mean Percentage of

Maximum
61.3% 88.2% 50.0% 50.0% N/A N/A N/A N/A N/A N/A N/A N/A
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Academic websites DISCERN CRAAP HONcode
JAMA

benchmarks

PEMAT

understandability

PEMAT

actionability

Flesch-Kincaid

Reading Ease Score

Flesch-Kincaid

Grade Level

Gunning-

Fog Index

Coleman-

Liau Index

SMOG

Index

Automated

Readability Index

Mean 40.6 23.1 3.38 0.875 86.7% 52.0% 55.0 8.73 11 11.2 11.4 8.56

Standard Deviation 4.17 6.38 1.30 0.991 6.70% 35.8% 9.75 1.80 2.03 1.58 1.48 1.87

Range 36 to 46
15 to

29
2 to 5 0 to 2 75% to 93.8% 0% to 100% N/A N/A N/A N/A N/A N/A

Mean Percentage of

Maximum
50.8% 68.0% 42.2% 21.9%         

Commercial

websites
DISCERN CRAAP HONcode

JAMA

benchmarks

PEMAT

understandability

PEMAT

actionability

Flesch-Kincaid

Reading Ease Score

Flesch-Kincaid

Grade Level

Gunning-

Fog Index

Coleman-

Liau Index

SMOG

Index

Automated

Readability Index

Mean N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Standard Deviation N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Range N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Mean Percentage of

Maximum
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Websites without

HONcode
DISCERN CRAAP HONcode

JAMA

benchmarks

PEMAT

understandability

PEMAT

actionability

Flesch-Kincaid

Reading Ease Score

Flesch-Kincaid

Grade Level

Gunning-

Fog Index

Coleman-

Liau Index

SMOG

Index

Automated

Readability Index

Mean 43 22.4 3 0.714 84.5% 56.0% 54.7 8.76 11.0 11.0 11.5 8.39

Standard Deviation 4.43 6.58 1 0.951 5.52% 39.6% 10.5 2.04 2.36 1.84 1.65 2.27

Range 37 to 49
15 to

30
2 to 4 0 to 2 75.0% to 93.8% 0% to 100% N/A N/A N/A N/A N/A N/A

Mean Percentage of

Maximum
53.8% 66.0% 37.5% 17.9% N/A N/A N/A N/A N/A N/A N/A N/A

Websites with

HONcode
DISCERN CRAAP HONcode

JAMA

benchmarks

PEMAT

understandability

PEMAT

actionability

Flesch-Kincaid

Reading Ease Score

Flesch-Kincaid

Grade Level

Gunning-

Fog Index

Coleman-

Liau Index

SMOG

Index

Automated

Readability Index

Mean 36.5 29 5 2 93.8% 50.0% 60.6 7.4 9.3 10.9 10.1 7.55

Standard Deviation 0.71 0 0 0 0% 0% 4.67 0.00 0.566 0.566 0.354 0.212

Range 36 to 37
29 to

29
5 to 5 2 to 2 93.8%  to 93.8% 50% to 50% N/A N/A N/A N/A N/A N/A

Mean Percentage of

Maximum
45.6% 85.3% 62.5% 50.0% N/A N/A N/A N/A N/A N/A N/A N/A

TABLE 1: “Brain arteriovenous malformations” Google Search website quality, treatment, and
readability scores and statistics for 2021, overall, and by website categories
JAMA: Journal of the American Medical Association; PEMAT: Patient Education Materials Assessment Tool; CRAAP: Currency, relevance, authority,
accuracy, and purpose; SMOG: Simple Measure of Gobbledygook Index; HONcode: Health On The Net Foundation code 
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Website

number
Website URL DISCERN CRAAP HONcode

JAMA

benchmarks

PEMAT

understandability

PEMAT

Actionability

1
https://www.mayoclinic.org/diseases-conditions/brain-avm/symptoms-

causes/syc20350260#:~:text=A%20brain%20arteriovenous%20malformation%20(AVM,AVM%20disrupts%20this%20vital%20process.
0.747 1 1 1 1 1

2 https://www.mayoclinic.org/diseases-conditions/arteriovenous-malformation/symptoms-causes/syc-20350544 1 1 1 1 1 1

3 https://www.stroke.org/en/about-stroke/types-of-stroke/hemorrhagic-strokes-bleeds/what-is-an-arteriovenous-malformation 0.83 1 1 1 1 1

4 https://www.hopkinsmedicine.org/health/conditions-and-diseases/arteriovenous-malformations 0.83 1 1 1 1 1

5 https://www.uclahealth.org/radiology/interventional-neuroradiology/arteriovenous-malformation 1 1 1 1 1 1

6 https://my.clevelandclinic.org/health/diseases/16755-arteriovenous-malformation-avm 0.83 0.788 1 1 1 1

7 https://www.aans.org/Patients/Neurosurgical-Conditions-and-Treatments/Arteriovenous-Malformations 1 1 1 1 1 1

8 https://medlineplus.gov/ency/article/000779.htm 0.909 1 1 1 1 1

9 https://www.bcm.edu/healthcare/specialties/neurosurgery/cerebrovascular-and-stroke-surgery/brain-arteriovenous-malformations-avms 1 1 1 1 1 1

All All 0.889 0.977 1 1 1 1

TABLE 2: Cohen's Kappa Inter-rater reliability overall and by website for 2021 Google Search
results for “brain arteriovenous malformations”
JAMA: Journal of the American Medical Association; PEMAT: Patient Education Materials Assessment Tool; CRAAP: Currency, relevance, authority,
accuracy, and purpose; HONcode: Health On The Net Foundation code 

Readability
No readability score averaged at or below the recommended sixth-grade reading level (as seen above in Table
1). Of the nine websites, each with six readability scores, there were only three scores at or below a sixth-
grade level. The single government website averaged scores translating to lower grade levels in four (FKGL,
GFI, SMOG, and ARI) of the six tools. Websites neither with nor without the HONcode logo averaged
readability scores at or below a sixth-grade level. Websites with the logo averaged better readability scores in
all six of the formulas.

Discussion
The aim of this study was to analyze the online public interest trends, quality of information, and readability
of information on AVMs. The public interest portion of this study showed that there is a strong correlation
between AVM online interest and AVM deaths and AVM diagnoses. There was also a strong correlation
between the similar neurologic conditions HHT and cerebral aneurysm and their respective annual GT RSVs
and diagnosis quantity. This correlation may be due to the fact that patients and families facing new
diagnoses are researching those same conditions online. Prior research has shown that a new medical
diagnosis leads to a high likelihood of subsequent patient-conducted research online [28]. Furthermore,
these same patients also have a higher likelihood of active engagement with their physicians regarding their
own knowledge base and treatments [28]. This strong correlation is important, as it is likely that as diagnosis
quantities increase, the new AVM patients are increasing their own self-education. However, this analysis is
unable to detect causality within the relationship.

The seasonality analysis showed only one month with statistically significant repeating AVM RSVs for the
region worldwide. There was no seasonality detected for the AVM deaths per capita or USA AVM RSVs.
Although seasonal patterns have been detected for other intracranial bleeding conditions, like subarachnoid
hemorrhage, these results reflect that no prior research has detected seasonal patterns for AVM diagnosis or
clinical presentation [29].

Regarding the quality of information analysis, there was not a suitable spread of websites among the
categories; thus, a comparison is not appropriate. With regard to websites with and without the HONcode
logo, it was not clear if there was better quality in either group. Websites with the logo showed higher ethical
compliance given their superior scores in the HONcode and JAMA benchmark tools. This result was
expected since the logo is only displayed on websites that the HON Foundation considers compliant with the
foundation’s ethical principles. However, the JAMA benchmark scores were very low on average, as four
websites achieved zero points, indicating a need for more widespread ethical compliance.
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The DISCERN tool had four websites that qualified as “poor” and five that qualified as “good.” The average
score for the tool was “good.” As DISCERN focuses primarily on educated choice of treatments, each of these
websites has significant room for improvement in that domain. The CRAAP scores ranged from 15 to 30. As
this tool focuses on overall information accuracy and authorship qualifications, we found there is a wide
variance of scores, indicating an inconsistent level of reliability across the search. This uneven level of
reliability may require patients to put forth unnecessary effort in order to find dependable sources of
information.

The PEMAT understandability showed higher scores than the PEMAT actionability. This trend of superior
understandability scores has been repeated across multiple studies regarding other health topics [20,30,31].
The average understandability score was 86.6%, while the average actionability score was 54.6%. Every
website met the 70% cutoff for understandability, while only four met the cutoff for actionability. The
average scores are considered understandable and poorly actionable. These results indicate a wide gap
between the frequency of strategies for increasing understandability and those for increasing actionability.
There is anecdotal evidence that information published more recently implements more strategies for
actionability, but this study was unable to elucidate that trend given the limited sample size [20].

The readability analysis showed that no tool averaged at or below the recommended sixth-grade level, with
only three of the total 54 scores calculated meeting that mark. Prior research has shown this trend of high
reading levels required is common across many medical topics [32]. In fact, a systematic review analyzing
157 studies with 7891 total websites found that health information online in the United States and Canada is
widely inappropriate for accurate use by the general population [33].

Conclusions
As internet availability has become more widespread and plays a more integral role in patient self-education,
an in-depth and broader understanding of online activity, information quality, and accessibility is
imperative to optimizing this powerful tool. This GT analysis shows that online interest in AVMs as well as
the related diagnoses of HHT and cerebral aneurysm is well correlated to the diagnosis quantity and, for
AVM only, the attributed death quantity. This analysis indicates a relationship between interactions with
healthcare regarding these diagnoses and subsequent patient-driven research. However, this study is limited
in its ability to detect a causal relationship as well as by the limited data available.

Once patients access the internet, they need to safely rely on the information provided in an easily
accessible format. Our study shows there is a wide variance in website ethics, treatment information quality,
website/author qualifications, and actionable next steps. While some websites are strong in many facets,
there is not a strong enough majority for patients to safely access complete information sources. While the
quality of information was variable, the readability was uniformly too high of a grade level, a trend that is
very common across healthcare information. Overall, this study showed that patients are routinely
attempting to access information regarding these intracranial conditions in some relation to their contact
with healthcare, but the information they obtain, specifically regarding AVMs, is not routinely reliable and
the reading level required to understand is uniformly too high.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
The data used in this study is available upon reasonable request to Pierce A. Brody. We would like to thank
Elinor Mannon and our other colleagues at the Medical College of Georgia for their support and assistance in
helping us produce the best possible version of our research and manuscript.

References
1. Al-Shahi R, Warlow C: A systematic review of the frequency and prognosis of arteriovenous malformations

of the brain in adults. Brain. 2001, 124:1900-1926. 10.1093/brain/124.10.1900
2. Brinjikji W, Iyer VN, Sorenson T, Lanzino G: Cerebrovascular manifestations of hereditary hemorrhagic

telangiectasia. Stroke. 2015, 46:3329-3337. 10.1161/STROKEAHA.115.010984
3. Mavragani A, Ochoa G: Google Trends in infodemiology and infoveillance: methodology framework . JMIR

Public Health Surveill. 2019, 5:e13439. 10.2196/13439

2023 Mehra et al. Cureus 15(9): e45984. DOI 10.7759/cureus.45984 8 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1093/brain/124.10.1900?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/brain/124.10.1900?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/STROKEAHA.115.010984?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/STROKEAHA.115.010984?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2196/13439?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2196/13439?utm_medium=email&utm_source=transaction


4. Cohen SA, Zhuang T, Xiao M, Michaud JB, Amanatullah DF, Kamal RN: Google Trends analysis shows
increasing public interest in platelet-rich plasma injections for hip and knee osteoarthritis. J Arthroplasty.
2021, 36:3616-3622. 10.1016/j.arth.2021.05.040

5. Ghosh A, Bisaga A, Kaur S, Mahintamani T: Google Trends data: a potential new tool for monitoring the
opioid crisis. Eur Addict Res. 2022, 28:33-40. 10.1159/000517302

6. Maugeri A, Barchitta M, Agodi A: Using Google Trends to predict covid-19 vaccinations and monitor search
behaviours about vaccines: a retrospective analysis of Italian data. Vaccines (Basel). 2022,
10:10.3390/vaccines10010119

7. Ahmed OH, Sullivan SJ, Schneiders AG, McCrory PR: Concussion information online: evaluation of
information quality, content and readability of concussion-related websites. Br J Sports Med. 2012, 46:675-
683. 10.1136/bjsm.2010.081620

8. Hirasawa R, Saito K, Yachi Y, et al.: Quality of Internet information related to the Mediterranean diet .
Public Health Nutr. 2012, 15:885-893. 10.1017/S1368980011002345

9. Nghiem AZ, Mahmoud Y, Som R: Evaluating the quality of internet information for breast cancer . Breast.
2016, 25:34-37. 10.1016/j.breast.2015.10.001

10. Barry DW: Health literacy and patient safety: Help patients understand. Manual for clinicians . American
Medical Association Foundation, Chicago; 2007.

11. Release of the 2017 National Inpatient Sample (NIS)- Healthcare Cost and Utilization Project (HCUP) .
(2020). Accessed: 1 September, 2021: http://www.hcup-us.ahrq.gov/nisoverview.jsp..

12. National Center for Health Statistics Mortality Data on CDC WONDER . Accessed: 1 September, 2021:
https://wonder.cdc.gov/Deaths-by-Underlying-Cause.html.

13. Morahan-Martin JM: How internet users find, evaluate, and use online health information: a cross-cultural
review. Cyberpsychol Behav. 2004, 7:497-510. 10.1089/cpb.2004.7.497

14. Charnock D, Shepperd S, Needham G, Gann R: DISCERN: an instrument for judging the quality of written
consumer health information on treatment choices. J Epidemiol Community Health. 1999, 53:105-111.
10.1136/jech.53.2.105

15. HONcode certification - 8 ethical principles . (2020). Accessed: 1 September, 2021:
https://myhon.ch/en/certification.html.

16. Silberg WM, Lundberg GD, Musacchio RA: Assessing, controlling, and assuring the quality of medical
information on the internet: caveant lector et viewor—let the reader and viewer beware. JAMA. 1997,
277:1244-1245. 10.1001/jama.1997.03540390074039

17. Garcia M, Daugherty C, Ben Khallouq B, Maugans T: Critical assessment of pediatric neurosurgery
patient/parent educational information obtained via the Internet. J Neurosurg Pediatr. 2018, 21:535-541.
10.3171/2017.10.PEDS17177

18. Shoemaker SJ, Wolf MS, Brach C: The Patient Education Materials Assessment Tool (PEMAT) and User’s
Guide. Agency for Healthcare Research and Quality, Rockville, MD; 2013.

19. Shoemaker SJ, Wolf MS, Brach C: Development of the Patient Education Materials Assessment Tool
(PEMAT): a new measure of understandability and actionability for print and audiovisual patient
information. Patient Educ Couns. 2014, 96:395-403. 10.1016/j.pec.2014.05.027

20. Chaitanya Kumar IS, Muni Srikanth I, Bodade A, Khade A, Jayam C, Sriranjitha T, Mani A: Understandability
and actionability of available video information on YouTube regarding hemophilia: a cross-sectional study.
Cureus. 2022, 14:e29866. 10.7759/cureus.29866

21. Readability score | Readability test | Reading level calculator | Readable . Accessed: 1 September, 2021:
https://readable.com.

22. Flesch R: A new readability yardstick. J Appl Psychol. 1948, 32:221-233. 10.1037/h0057532
23. Kincaid J, Fishburne R, Rogers R, Chissom B: Derivation of New Readability Formulas (Automated

Readability Index, FOG Count, and Flesch Reading Ease Formula) For Navy Enlisted Personnel. Defense
Technical Information Center, Millington, TN; 1975.

24. Gunning R: The Technique of Clear Writing . McGraw-Hill, New York; 1968.
25. Coleman M, Liau TL: A computer readability formula designed for machine scoring . J Appl Psychol. 1975,

60:283-284. 10.1037/h0076540
26. McLaughlin GH: SMOG grading: a new readability formula . J Read. 1969, 12:639-646.
27. Smith EA, Senter RJ: Automated readability index. Defense Technical Information Center, Millington, TN;

1967.
28. Khurana L, Durand EM, Gary ST, et al.: Osteoarthritis patient preference for using technology to

communicate with physicians. Osteoarthr Cartil. 2017, 25:222-223. 10.1016/j.joca.2017.02.385
29. Hakan T, Kizilkilic O, Adaletli I, Karabagli H, Kocer N, Islak C: Is there any seasonal influence in

spontaneous bleeding of intracranial aneurysm and and/or AVM in Istanbul?. Swiss Med Wkly. 2003,
133:267-272. 10.4414/smw.2003.10162

30. Gulbrandsen MT, O’Reilly OC, Gao B, et al.: Health literacy in rotator cuff repair: a quantitative assessment
of the understandability of online patient education material. J Shoulder Elbow Surg. 2023,
10.1016/j.jseint.2023.06.016

31. Wang E, Kalloniatis M, Ly A: Assessment of patient education materials for age-related macular
degeneration. Ophthalmic Physiol Opt. 2022, 42:839-848. 10.1111/opo.12991

32. Hutchinson N, Baird GL, Garg M: Examining the reading level of internet medical information for common
internal medicine diagnoses. Am J Med. 2016, 129:637-639. 10.1016/j.amjmed.2016.01.008

33. Daraz L, Morrow AS, Ponce OJ, et al.: Readability of online health information: a meta-narrative systematic
review. Am J Med Qual. 2018, 33:487-492. 10.1177/1062860617751639

2023 Mehra et al. Cureus 15(9): e45984. DOI 10.7759/cureus.45984 9 of 9

https://dx.doi.org/10.1016/j.arth.2021.05.040?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arth.2021.05.040?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000517302?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000517302?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/vaccines10010119?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/vaccines10010119?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bjsm.2010.081620?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bjsm.2010.081620?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S1368980011002345?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/S1368980011002345?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.breast.2015.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.breast.2015.10.001?utm_medium=email&utm_source=transaction
http://www.hhvna.com/files/Courses/HealthLiteracy/Health_Literacy_Manual_AMA_Revised.pdf?utm_medium=email&utm_source=transaction
http://www.hcup-us.ahrq.gov/nisoverview.jsp.?utm_medium=email&utm_source=transaction
http://www.hcup-us.ahrq.gov/nisoverview.jsp.?utm_medium=email&utm_source=transaction
https://wonder.cdc.gov/Deaths-by-Underlying-Cause.html?utm_medium=email&utm_source=transaction
https://wonder.cdc.gov/Deaths-by-Underlying-Cause.html?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/cpb.2004.7.497?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/cpb.2004.7.497?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech.53.2.105?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/jech.53.2.105?utm_medium=email&utm_source=transaction
https://myhon.ch/en/certification.html?utm_medium=email&utm_source=transaction
https://myhon.ch/en/certification.html?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.1997.03540390074039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.1997.03540390074039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2017.10.PEDS17177?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3171/2017.10.PEDS17177?utm_medium=email&utm_source=transaction
https://www.ahrq.gov/sites/default/files/publications/files/pemat_guide.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pec.2014.05.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pec.2014.05.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.29866?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.29866?utm_medium=email&utm_source=transaction
https://readable.com?utm_medium=email&utm_source=transaction
https://readable.com?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1037/h0057532?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1037/h0057532?utm_medium=email&utm_source=transaction
https://apps.dtic.mil/sti/pdfs/ADA006655.pdf?utm_medium=email&utm_source=transaction
https://cir.nii.ac.jp/crid/1130000796418620544?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1037/h0076540?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1037/h0076540?utm_medium=email&utm_source=transaction
https://www.jstor.org/stable/40011226?utm_medium=email&utm_source=transaction
https://apps.dtic.mil/sti/pdfs/AD0667273.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joca.2017.02.385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.joca.2017.02.385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4414/smw.2003.10162?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4414/smw.2003.10162?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jseint.2023.06.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jseint.2023.06.016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/opo.12991?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/opo.12991?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2016.01.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.amjmed.2016.01.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1062860617751639?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1062860617751639?utm_medium=email&utm_source=transaction

	Evaluating the Quality, Readability, and Activity of Online Information on Brain Arteriovenous Malformations
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Google Trends
	Quality of Internet information
	Readability analysis

	Results
	Google Trends
	FIGURE 1: Associations of brain AVM deaths per capita and Google Trends scores with the prevalence of cerebral aneurysms, HHT, and brain AVM
	FIGURE 2: Associations of brain diagnoses and Google Trends scores with the prevalence of cerebral aneurysms, HHT, and brain AVM

	Quality of information
	TABLE 1: “Brain arteriovenous malformations” Google Search website quality, treatment, and readability scores and statistics for 2021, overall, and by website categories
	TABLE 2: Cohen's Kappa Inter-rater reliability overall and by website for 2021 Google Search results for “brain arteriovenous malformations”

	Readability

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


