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Abstract

Background: Celiac disease is an autoimmune disease that affects approximately 1% of the US population. Disease is
characterized by damage to the small intestinal lining and malabsorption of nutrients. Celiac disease is activated in genetically
susceptible individuals by dietary exposure to gluten in wheat and gluten-like proteins in rye and barley. Symptoms are diverse
and include gastrointestinal and extraintestinal manifestations. Treatment requires strict adherence to a gluten-free diet. The
Internet isamajor source of health information about celiac disease. Nonethel ess, information about celiac diseasethat isavailable
on various websites often is questioned by patients and other health care professionals regarding its reliability and content.

Objectives. To determine the accuracy, comprehensiveness, transparency, and readability of information on 100 of the most
widely accessed websites that provide information on celiac disease.

Methods: Using the search term celiac disease, we analyzed 100 of the top English-language websites published by academic,
commercial, nonprofit, and other professional (nonacademic) sourcesfor accuracy, comprehensiveness, transparency, and reading
grade level. Each site was assessed independently by 3 reviewers. Website accuracy and comprehensiveness were probed
independently using a set of objective core information about celiac disease. We used 19 general criteria to assess website
transparency. Website readability was determined by the Flesch-Kincaid reading grade level. Results for each parameter were
analyzed independently. In addition, we weighted and combined parametersto generate an overall score, termed website quality.

Results: We included 98 websitesin the final analysis. Of these, 47 (48%) provided specific information about celiac disease
that was less than 95% accurate (ie, the predetermined cut-off considered a minimum acceptable level of accuracy). Independent
of whether the information posted was accurate, 51 of 98 (52%) websites contained less than 50% of the core celiac disease
information that was considered important for inclusion on websites that provide general information about celiac disease.
Academic websites were significantly less transparent (P = .005) than commercial websitesin attributing authorship, timeliness
of information, sources of information, and other important disclosures. The type of website publisher did not predict website
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accuracy, comprehensiveness, or overall website quality. Only 4 of 98 (4%) websites achieved an overall quality score of 80 or
above, which a priori was set as the minimum score for awebsite to be judged trustworthy and reliable.

Conclusions: The information on many websites addressing celiac disease was not sufficiently accurate, comprehensive, and
transparent, or presented at an appropriate reading grade level, to be considered sufficiently trustworthy and reliable for patients,
health care providers, celiac disease support groups, and the general public. This has the potential to adversely affect decision
making about important aspects of celiac disease, including its appropriate and proper diagnosis, treatment, and management.

(Interact J Med Res 2012;1(1):e1) doi: 10.2196/ijmr.2010
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Introduction

The Internet is a mgjor source of health information [1]. Most
Internet users in the United States have searched for health
information online [2]. Studies of current Internet usage found
that over 93% of patients with varying digestive diseases may
seek Web-based hedlth information [3-5]. Since many
individuals rely on websites as a major source of information
about celiac disease, the gluten-free diet, and gluten intolerance
(also termed gluten sensitivity), it is essential that the
information available to those individuals on the Web be of
high quality.

Celiac disease is an autoimmune digestive disease that is
activated in genetically susceptible individuals by dietary
exposure to wheat gluten and similar proteins, termed secalins
and hordeins, inryeand barley [6,7]. Celiac diseaseis estimated
to occur in approximately 1% of the US population [7,8].
However, as many as 95% of the estimated 2.75 million
Americans with celiac disease have not had it diagnosed and,
in those with a diagnosis, the average delay to diagnosis is
estimated to be from 4 to 11 years [8-10]. Awareness among
health care professional s of the highly variabl e presentations of
celiac disease remains low, and many are not aware of the
diversity of presenting gastrointestinal and extraintestinal
manifestations that can include, for example, abdomina pain,
diarrhea or congtipation, fatigue, iron deficiency anemia,
premature-onset osteoporosis, depression, irritability, and
neuropathy [6,7,10,11]. Based on its protean symptoms, it is
not surprising that patients who suspect their symptoms may
be caused by celiac disease often search for health information
on the Web, self-diagnose, and treat their symptoms with a
gluten-freediet [12]. Those who have a definite or presumptive
diagnosis of celiac disease [6] aso arelikely to use the Internet
to seek information about this disease, especialy its treatment,
which requires a strict dietary change but does not require
prescription pharmaceuticals. Self-diagnosis and -treatment of
celiac disease can result in misdiagnosisor adelay in diagnosis
of other diseases and disorders, and rendersthe future diagnosis
of celiac disease significantly more difficult after theindividual
has initiated a gluten-free diet [6].

Several studies have expressed concern about inaccurate health
information on the Internet [13-19]. Individuals who rely on
the Internet to obtain health information may be using material
that is not evidence based, or does not meet standards of care,
to self-diagnose and self-treat health conditions [2,20]. In
addition, several reports describe physical and emotional harm
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resulting from misinformation on the Internet, and such instances
are estimated to be underreported [17,18]. Additionally, studies
examining perceptions of online Web-based health information
indicate that many physicians feel such information is not
accurate and hasthe potential to be detrimental to patient health
outcomes[16,19].

Recently, there has been a marked proliferation of websites
providing information about celiac disease. These websites
typically are published by academic medical centers, commercial
organizations, nonprofit organizations (eg, celiac support groups
or governmental agencies), or other professionas
(nonacademic). However, there has been little to no analysis of
which sites provide accurate and reliable information. Such
information isessential for patients, support groups, and health
care providers to make reasonable, informed decisions and
provide appropriate advice regarding the diagnosis and treatment
of celiac disease. Only one study, published in 2004,
investigated websites providing information about celiac disease.
The study found that 66% of websites scored less than 50% for
overall accuracy, and 15.9% of websites contained inaccurate
information that was potentialy harmful [21]. In addition,
almost two-thirds of the 63 websites examined (ie, all theceliac
disease websites available for analysis at that time) scored less
than 50% for overall transparency, failing to provide sufficient
information about such variables as author credentials,
information sources, creation or revision dates, and funding
SOurces.

The aim of this study was to (1) determine the accuracy,
comprehensiveness, transparency, and reading grade level of
the most frequently accessed websitesthat provideinformation
about celiac disease, (2) develop an overall quality score for
those websites, and (3) investigate which variables and types
of website publishers might predict website accuracy and overall
quality.

Methods

Website Selection

We selected websites in November 2010 using Google,
Microsoft Bing, and Yahoo! search engines on the World Wide
Web and the search term celiac disease. Websites were
considered for inclusion if they were targeted at consumersand
provided information about celiac disease in the English
language. Websites were excluded that contained broken links,
required an access fee, or consisted only of links, gluten-free
recipes, blogs, videos, or non-US-based local information.
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The Google, Bing, and Yahoo! search engines accounted for
92.1% of all Internet searches in 2010 [22]. According to the
Nielsen Company, 65.1% of searches are made through the
Google search engine, 13.9% viaMicrosoft’s Bing, and 13.1%
through Yahoo! [22]. For this study, we first selected the top
100 websitesfrom each of those search engines, yielding atotal
of 300 websites. Websites were given a weighted score based
on the search engine's share of searches (65.1%, 13.9%, and
13.1%, for Google, Bing, and Yahoo!, respectively) and the
website's rank within each search engine (1-100). For initial
analysis, we selected the top 100 siteswith the highest weighted
scores that met the inclusion criteria. On retest 2 months | ater,
2 of the 100 websites initially selected contained broken links
and were excluded from the study. Final analysisincluded the
remaining 98 websites.

Search engines use algorithms to conduct searches, which are
personalized to past searches, geographic location, popularity,
and quality of content, among other variables. Thus, itispossible
for each individual searching the Web to obtain different results
when using modern search engines. This can lead to search
engine bias [23]. To address this, we disabled customizations
based on search activity in Google. To our knowledge, thereis
no known method of disabling customizations in Yahoo! or
Bing. Since cookies store data from past searches, they were
also disabled, so data collected from past searches would not
influence future searches. We included Web pages linked to
each of the websites selected for analysis in that website's
analysisif the primary URL of thelinked webpage wasthe same
as the URL of the selected website (eg, www.csaceliacs.org;
www.csaceliacs.org/Celiac Disease.php).

The 100 websites initially chosen for analysis fell into 1 of 4
categories: academic, commercial, nonprofit, or professional
(nonacademic). Academic Websites were those posted by
university-based or -affiliated medical institutions; commercial
websites were those posted by for-profit companies; nonprofit
websiteswere posted by not-for-profit organizations or federal,
state, or local government agencies, and professional
(nonacademic) websites were posted by various types of
professional s not associated with academic medical centers.

Criteria Used to Assess Website Accuracy

Website accuracy was probed and scored by determining the
accuracy of information each website provided that addressed
a core information base for celiac disease (see Multimedia
Appendix 1). We devel oped the core information base for celiac
disease by culling what we considered minimum essential
information about celiac disease from a much broader
information database on celiac disease, developed at the Warren
Medical Research Center for Celiac Disease and based on the
best available evidence. What constituted essential core
information about celiac disease was selected following areview
by a panel of 5 celiac disease experts at the University of
Cdlifornia, San Diego (3 gastroenterologists and 2 registered
dieticians) and input from patients in San Diego celiac disease
support groups . The core information base encompassed
information related to the definition, etiology, prevalence,
genetics, symptoms, diagnosis, treatment, and complications
of celiac disease. Accuracy of disease-specific information in
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the core provided by the 98 websites was measured as a
dichotomousvariable. Each piece of disease-specificinformation
provided by the website that was part of the core body of
information (Multimedia Appendix 1) was scored 1 for accurate
or O for inaccurate. Accuracy scores were calculated as a
fraction, where the denominator equaled the number of pieces
of coreinformation that were present and the numerator equaled
those pieces of core information that were both present and
correct. This resulted in scores between 0 and 1, with more
accurate sites scoring closer to 1 and less accurate sites scoring
closer to 0. This scoring algorithm did not penalize accuracy
for a lack of comprehensiveness in terms of the amount of
information provided by each website. We report dataasascore
for accuracy of the 98 websites and accuracy for the websites
according to the type of website publisher. We further report
the percentage of websites from each type of website publisher
that scored 95% or greater for accuracy. Thislevel of accuracy
wasapriori considered aminimum for providing patients, health
care providers, and the public a reasonably high level of
confidence that the information posted was accurate, irrespective
and independent of the amount or diversity of celiac disease
information provided by the website.

Comprehensiveness of Disease-Specific I nfor mation

Comprehensiveness is a measure of how much of the core
information base about celiac disease (Multimedia Appendix
1) was provided by thewebsite. Comprehensivenesswas probed
and scored cumulatively, with a score of 1 for information
provided and O for information not provided, with a maximum
possible score for each website of 70. Scores for
comprehensiveness were based on whether information was
provided with respect to the core information base for celiac
disease, irrespective of whether the information provided was
accurate.

Website Transparency

Transparency was probed and scored based on information
provided on the website relevant to characteristicsthat included
disclosure of authorship, attribution of sources, whether the
information was current (ie, dates of website creation and
updating), and the presence of publisher disclosures, using a
5-point Likert scale (Multimedia Appendix 2). We adapted the
19 criteriaused to assess transparency from those used by others
to assess general health information on the Internet [21,24-29].

Website Reading Grade

The ability of individuals to have an opportunity to understand
health information on the Web relies on their ability to easily
read the information [14,30-32]. We determined the US grade
level of the text in each website using the Flesch-Kincaid
reading grade level [33] and an online reading grade cal cul ator
[34].

Website PageRank

PageRank is a Google rating system for websites that is based
on the number and quality of backlinks (ie, links pointing to a
given website) [35]. Websites were ranked on a scale of 0 to
10. We collected PageRank valuesfor each websiteto determine
whether websiteswith a higher PageRank also had higher scores
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for accuracy, comprehensiveness, and transparency, or lower
reading grade levels.

Website Quality Score

We determined an overall score termed website quality by
cumulatively assessing the combined features of accuracy,
comprehensiveness, transparency, and reading grade level, but
not PageRank, for each of the 98 websites and for websites
according to the type of website publisher. Each parameter
contained in the quality score was multiplied by a relative
weighting based onitsapriori perceived importance. Accuracy
was considered the single most important component of website
quality, with comprehensiveness, transparency, and reading
grade level being important, but to alesser degree. Therelative
weightings given each parameter for  accuracy,
comprehensiveness, transparency, and reading grade level as
components of the quality score were 10, 5, 4, and 4,
respectively. Quality scores ranged from 0 to 10. We aso
determined apriori that, to bereliable and of reasonable quality,
awebsite should obtain a minimum quality score of 8.0.

Website Reviewers

We recruited and trained 3 reviewers, independent from the
authors responsible for study concept and design and having
no prior association with the Warren Medical Research Center
for Celiac Disease and no prior familiarity with any of the
websites, to score the websites for accuracy, comprehensiveness,
transparency, reading grade level, and PageRank. Each reviewer
independently scored each of theinitial 100 websites. As atest
of interrater reliability, we compared the scoring of
disease-specific accuracy, comprehensiveness, and transparency
by each of the 3 reviewers. Intrarater reliability was determined
by having each reviewer rescore 10 websites 2 months after
their initial scoring. Since information on the Internet changes
frequently, website reviews were completed within 8 weeks of
theinitial search for celiac disease.

Statistical Analysis

Mean scores of the websites, based on accuracy,
comprehensiveness, transparency, reading grade level, PageRank
and quality, according to the type of website publisher, were
compared using analysis of variance and post hoc pairwise t
testswith Holm adjustment for multiple comparisons[36]. The
independence of website type and the proportion of websites
with accuracy greater than 90% and 95% were assessed with
Pearson’s chi-square tests, followed by pairwise Holm-adjusted
Pearson chi-square tests. We used box-and-whisker plots to
show data dispersion and skewness[37,38]. Interquartile range
was calculated as the difference between the third and first
quartiles (interquartile range = Q5 - Q,).

We used the Pearson product—moment correlation coefficient
to assess the linear association between accuracy,
comprehensiveness, transparency, reading grade level, and
PageRank, and correlations dtratified by type of website
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publisher. A locally weighted scatter plot smoothing was used
to assess nonlinear trends [39].

Intrarater reliability was measured with the test—retest method.
Test—retest reliability was assessed using the Pearson correlation
coefficient. Interrater reliability among the 3 reviewers was
determined using the intraclass correlation coefficient for
agreement [40].

Results

Of the 100 websites selected for initial analysis, 47 were present
inthetop 100 websites from Google, Bing, and Yahoo!, whereas
15 were common to Bing and Yahoo! and 38 were present only
in Google's top 100 websites. We excluded 2 websites after
initial analysis since they contained broken links when
reanalyzed 2 months later. Of the 98 websites whose data we
included in the final analysis, 11 were from academic medical
centers, 48 were from commercia publishers, 28 were from
nonprofit organizations, and 11 were from professionals not
affiliated with academic medical institutions.

Over all Website Scores

Overall accuracy scores for celiac disease core information on
the 98 websites ranged from 0.62 to 1.00 (mean 0.93, SD 0.07;
median  0.95; maximum obtainable score  1.0).
Comprehensiveness scoresranged from 6.3to0 61.3 (mean 34.8,
SD 12.5; median 32.7; maximum obtainable score 70), and
transparency scores ranged from 0.27 to 0.80 (mean 0.52, SD
0.12; median 0.52; maximum obtainable score 1.0).

Website Scores by Type of Website Publisher

Our study design ranked the most important attribute of a
website as the accuracy of its posted information, irrespective
of the quantity of information provided. We had posited that
one might be ableto predict website accuracy based on thetype
of website publisher. Therefore, we compared website accuracy
according to the type of website publisher (ie, academic,
commercial, nonprofit, and other nonacademic professional).
Mean (Table 1) and median (Figure 1, panel A) scores for
accuracy did not differ significantly according to the type of
website publisher. Our study design apriori considered that, to
qualify as a practically useful resource for the education of
patients, health care providers, and the public, a minimum of
95% or more of the celiac disease-specific information provided
by a website should be accurate, independent of how much
infformation was  provided (ie, independent  of
comprehensiveness). Overall thislevel of accuracy was obtained
by 51 of 98 (52%) of the websites. Of note, the information
presented by 7 of 11 (64%b) academic websites met thiscriterion,
whereas the information on 3 of 11 (27%) professiona
(nonacademic) websites was 95% or more accurate (Table 1),
although each type of website had a wide range of scores for
accuracy (Figure 1, panel A).
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Table 1. Website scores for accuracy, comprehensiveness, transparency, reading grade, PageRank, and quality by website type.

Criterion Academic Commercial Nonprofit Professional Combined P value
(n=11)% (n=48)2 (n=28)2 (n=11)%3 (n=98)2
Accuracy, mean (SD) 0.95 (0.04) 0.94 (0.06) 0.94 (0.07) 0.91 (0.10) 0.93 (0.07) 560
Accuracy >0.95, n (%)° 7 (64%) 26 (52%) 15 (57%) 3(27%) 51 (52%) 310
Accuracy >0.90, n (%) 10 (91%) 39 (80%) 22 (81%) 9 (82%) 80 (82%) 84
Comprehensiveness, mean (SD)  32.4 (12.1) 35.5(12.3) 35.4 (13.9) 324 (11.4) 34.8 (12.5) 80°
Transparency, mean (SD) 0.42 (0.09) 0.55(0.11) 0.52(0.11) 0.53(0.13) 0.52(0.12) 01°
Reading grade level, mean (SD)  10.9 (2.6) 104 (2.2) 10.0 (2.0) 9.6 (1.6) 10.3(2.1) 0P
PageRank, mean (SD) 36(L7) 31(17) 42 (15) 3.0(14) 34(17) 05°
Quality, mean (SD) 6.5(0.79) 6.9 (0.61) 6.9 (0.83) 6.7 (0.65) 6.8 (0.70) ab

@Number of websites analyzed.

bp values from anal ysis of variance.

€ Number of websites (% of websites).
dp values from Pearson chi-square test.

Comprehensiveness is a measure of the amount of important
core information on celiac disease provided by the websites,
irrespective of its accuracy. Academic, commercial, nonprofit,
and nonacademic professional sites each had a broad range of
scores for comprehensiveness (Table 1 and Figure 1, panel B).
Of 98 websites, 51 (52%) scored less than 35 for
comprehensiveness, indicating they provided less than 50% of
the core celiac disease information that was considered
important for inclusion on websites that provide general
information on celiac disease. Comprehensiveness scores did
not differ significantly according to the type of website publisher
(Table 1 and Figure 1, panel B).

Transparency and PageRank significantly differed according
to the type of website publisher (Table 1 and Figure 1, panels
C and E). Post hoc pairwise comparisons reveal ed that academic
websites were significantly less transparent than commercial
websites (P =.005) (Figure 1, panel C), and websites published
by nonprofit organizations had a higher PageRank than
commercia websites (P = .05) (Figure 1, panel E).

The average US reading level for adults has been reported to
be between the 8th and 9th grade [41]. Thereading gradelevels
of the websitesranged from grade 4.5t0 16.2 (ie, 4-year college
graduate) with a median reading grade of 9.8. Reading grade
did not differ significantly among academic, commercial,

http://www.i-jmr.org/2012/1/el/

nonprofit, and professional sites (Table 1 and Figure 1, panel
D).

Analysisof correlations between accuracy, comprehensiveness,
transparency, reading grade level, and PageRank revealed a
significant positivelinear correlation between website accuracy
and website comprehensiveness (r = .25, P =.01) and between
website comprehensiveness and website transparency (r = .26,
P =.009) (Figure 2). In contrast, we found asignificant negative
correlation between accuracy and the inclusion of personal
testimonies on websites (r = —.24, P = .02).

Website Quality

Website quality is a weighted cumulative average of website
accuracy, comprehensiveness, transparency, and reading grade
level (Table 1 and Figure 1, panel F). A priori our study design
had set aquality score of 8.0 or greater asaminimum acceptable
score for awebsite to be regarded as reliable and of reasonable
quality. Actual data analysisrevealed that this cut-off produced
websites that mostly ranked in or very near to the top quartile
for accuracy, comprehensiveness, and transparency and had an
optimal, reasonable reading grade level. Nonetheless, only 4 of
the 98 websitesincluded in our final analysishad aquality score
of 8.0 or greater. Of the 4 websites, 2 were from nonprofit
publishers (1 celiac support group and 1 government source),
1 was from an academic institution, and 1 was from a
commercia publisher (Table 2).
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Figure 1. Distribution of accuracy (A), comprehensiveness (B), transparency (C), reading grade level (D), PageRank (E), and quality scores (F) for
the studied websites. The bottom and top of the box-and-whisker plots represent the 25th and 75th percentiles (ie, lower and upper quartiles, respectively).
Crossbar isthe median (50th percentile). Ends of whiskers represent data within 1.5 times the interquartile range of the lower and upper quartiles. Data
not included between whiskers are shown as outliers (small circle). Spacing between the parts of the box indicates degree of dispersion and skewness
of the data. Pandl A, F3yg4 = 0.70; Panel B, F3’94 = 0.34; Panel C, F3'g4 = 4.07; panel D, nggo = 1.00; panel E, F3,87 = 2.71; panel F, F3'g4 =0.91.
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Figure 2. Matrix of scatter plots of accuracy, comprehensiveness, and transparency of the websites. The correlation coefficients (r) and significance
values (P) are shown within the boxes. There was a significant positive correlation between website accuracy and comprehensiveness (r = .25, P = .01)
(dot plot shown in left middle panel) and between website comprehensiveness and transparency (r = .26, P = .01) (dot plot shown in bottom middie
panel). There was no significant correlation between accuracy and transparency (r = -.04) (dot plot shown in left bottom panel).
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Table 2. URLS, website type, accuracy, comprehensiveness, transparency, reading grade level, PageRank, and quality scores of websites with quality

scores of 8.0 or higher.

URL Website type Accuracy Comprehensiveness Transparency Reading PageRank Quality
12 Nonprofit 0.99 533 0.56 7.6 6 8.1
ob Nonprofit 0.99 51.0 0.62 7.9 6 8.1
3 Academic 0.99 51.3 0.60 8.2 5 8.0
4d Commercia 0.96 61.3 0.72 10.2 6 8.2

Ghttp://www.celiac.org. Archived at http://www.webcitation.org/631 JI5QRRw.
bhttp://www.digastive.ni ddk.nih.gov/ddiseases/pubs/celiac. Archived at http://www.webcitation.org/63FT3dm?7I.
Chitp://celiaccenter.ucsd.edu. Archived at http://www.webcitation.org/63FT9X BSa.

dhttp://celiacdiw&.about.com. Archived at http://www.webcitation.org/63FTCJQij.
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Figure 3. Scatter plots of test-retest scores (left panels), and line plots of interrater reliability (right panels). Each dot on the left set of panels shows
the test score (horizontal axis) and retest score (vertical axis) for a single website. For the right set of panels, each website is represented by a single
gray line. There is a statistically significant positive correlation between the test and retest scores for accuracy (r = .75, 95% confidence interval [Cl]
.52-.88), comprehensiveness (r = 0.94, 95% CI .87-.97), and transparency (r = .79, 95% CI .59-.90). Interrater reliability statistics show statistically
significant intraclass correlation coefficients among the 3 reviewers for the scoring of accuracy (r = .68, 95% Cl .6-.8), comprehensiveness (r = .85,
95% Cl .8-.9), and transparency (r = .61, 95% CI .5-.7).
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Intrarater and Interrater Reliability

Intrarater reliability revealed a statistically significant positive
correlation between the test and retest scores for accuracy (r =
.75, 95% confidenceinterval [Cl] .52—.88), comprehensiveness
(r = .94, 95% CI .87-.97), and transparency (r = .79, 95% ClI
.59-.90). Interrater reliability statistics (intraclass correlation
coefficient) showed amost perfect agreement among the 3
reviewers for the scoring of comprehensiveness (r = .85, 95%
Cl .8-.9), and moderate to strong agreement for the scoring of
accuracy (r =.68, 95% Cl .6-.8) and transparency (r = .61, 95%
Cl .5-.7) (Figure 3).

Discussion

Individuals with celiac disease or those seeking information
about celiac disease often turn to websites for that information.
Moreover, gastroenterologists, other health care professionals,
and celiac support groups who counsel celiac disease patients
frequently refer patients to the Internet as a trusted source of
information. Websites can be amajor source of information on
the etiology, genetics, and pathogenesis of celiac disease, as
well asitsdiagnosis, treatment, management, and complications.
Therefore, it is essentia that website information on celiac
disease be accurate, sufficiently comprehensive, transparent,
and at an appropriate reading grade level.

Accuracy

We used a set of core information about celiac disease to probe
and analyze the accuracy of the information on each of 98
websites. We considered the accuracy of the information about
celiac disease on a website to be its single most important
characterigtic, irrespective of how much information a particular
website provided. Conveying information that is not accurate
can adversely affect the consumer’s understanding of this
disease, and more importantly its diagnosis, treatment, and
understanding of potential complications, depending on the
nature of the misinformation being promulgated. An early study
using the same search term as used herein [21] did not
distinguish accuracy from comprehensiveness and penalized
sites for lack of accuracy based on absent information. Our
analysis of accuracy independent of comprehensiveness is a
significant strength of the present study.

Based on a diverse range of symptoms and presentations,
patientsfrequently self-diagnose celiac disease. Moreover, given
that celiac disease is treated by diet rather than prescription
pharmaceuticals, patients can easily decide to self-treat and
commit themselves to a gluten-free diet based, at least in part,
on inaccurate or incomplete information obtained from surfing
the Web. Self-diagnosis can result in misdiagnosis, a delay in
the diagnosis of other underlying disorders, and inappropriate
or suboptimal treatment. In addition, self-treatment with a
gluten-freediet rendersit difficult for physiciansto subsequently
make a correct diagnosis by serology and a small intestinal
mucosal biopsy, especially if patients are not willing to undergo
adiagnostic gluten challenge, which frequently is the case.

To provide assurance that the information the consumer relies
on ismostly correct, a panel of celiac disease experts decided
apriori that awebsite'sinformation about celiac disease should
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be at least 95% accurate. Thiswas an arbitrary, but nonetheless
justifiable, cut-off. Overall, 52% of the websites analyzed
achieved 95% or greater accuracy. Nonetheless, it is
disappointing that the information content on approximately
20% of commercial, nonprofit, and professional websites was
less than 90% accurate. | naccuracies across the websites were
most common for (1) the definition of celiac disease (eg,
incorrectly calling celiac disease a gluten allergy), (2) the
preval ence of disease (eg, errorsin prevalence of celiac disease,
its occurrence among different racial or ethnic groups, stating
that celiac disease is rare), (3) the proper diagnosis of celiac
disease in adults and children (eg, use of blood tests or
small-bowel mucosal biopsy), and (4) various aspects of the
gluten-free diet (eg, use of oatsin the diet).

Comprehensiveness

We used comprehensiveness as ameasure of the quantity of the
core information base on celiac disease that each website
provided. Overall, less than 50% of the websites provided at
least 50% of the core information that we considered important
for inclusion on a general site about celiac disease. We found
no correlaion between website  deficiencies in
comprehensiveness and the type of website publisher.

Transparency

Transparency measures the extent to which awebsite discloses
relevant general information such as the website author’'s
credentials, the website's sources of information, dates of
website creation and revision, and website funding sources.
Whereas commercial, nonprofit, and professiona website
publishers on average provided at least 50% of the information
being sought in that regard, academic sites did not. Although
ranking highest in information accuracy, academic sites
surprisingly were significantly lesstransparent than commercia
websites. We note that the DISCERN instrument, which isoften
used to assess website quality, primarily assesses transparency
regarding treatment, and does not assess website accuracy
[42,43].

Readability

The reading grade level is the grade level of education an
individual in the United States would need to achieve to easily
read the information provided by the website. Documentswritten
at themid 8th to 9th grade level or lower are suitablefor reading
by the average adult US population according to the Department
of Health and Human Services [41]. Only 50% of websiteswe
analyzed met that criterion. Although we did not find statistically
significant differencesin the reading grade level among different
types of website publishers, wedid find awide range of reading
grade levels among websites that ranged from 4th grade to
college graduate level. If an individual has difficulty reading
the website materia, there is a greater potential for the
information to be misunderstood and misapplied. Although
several scoring systems can be used to assess readability, we
selected the one most widely used and suited to this study.
Nonethel ess, we recognize that none of theinstrumentsavailable
are specifically tailored to the readability of medical information
by the general public or tailored to specificaly analyze the
reading grade level of celiac disease-specific information.
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Further, individuals with a high school diploma may still read
at an 8th grade level, and reading grade level does not equate
to the capacity to understand health information.

PageRank

The median PageRank for al sitesfor which datawere available
was 3 on ascale of 0to 10, with 10 being highest. PageRank is
alink-analysisagorithm [35] used by the Google Internet search
engine . The algorithm assigns a numerical weighting to each
element of ahyperlinked set of documents, with the purpose of
assessing its relative importance within the set. The lowest
median PageRanks were those of professional (nonacademic)
and commercia sites, with the highest being nonprofit sites,
whose median PageRank was significantly greater than that of
commercia sites. A possible explanation for thisresult may be
the greater number of backlinks on nonprofit sites, whichinclude
government sites and celiac support groups that may naturally
obtain more backlinks simply because they may be seen by
other websites as more reliable sources of information.

Quiality Score

Individuals surfing the Web seeking information usually want
that information quickly. They often do not have the resources
or time to analyze each website for its quality (ie, as defined
herein, aweighted composite of accuracy, comprehensiveness,
transparency, and reading grade level). Moreover, individuals
search for information on celiac disease for different reasons
and might, for example, be seeking information on disease
epidemiology, pathogenesis, or even more likely diagnosis,
treatment, and complications. In each instance, the accuracy of
the information is very important. However, to be most useful,
the information presented also should be sufficiently
comprehensive and readable, the sources and timeliness of the
information should be indicated, and disclosures regarding
authorship and funding sources should be provided. Tointegrate
the various parameters analyzed in this study, we developed an
overal rating of the websites, which we termed the quality
score. We based this score, which ranges from 0 to 10, on an
arbitrary weighted average of each of the key parameters we
analyzed, based on the perceived relative importance of those
parameters. The median quality score of all the sites combined
was 6.8, and we found no significant differencein quality scores
among academic, commercial, nonprofit, and professional sites.
Overdll, the type of website publisher did not predict the level
of quality of an individual website. However, within each type
of website publisher, individual website quality varied markedly.

Correlations

We tested for correlations among the parameters of accuracy,
comprehensiveness, transparency, reading grade level, or
PageRank for the websites to determine whether any one
parameter might predict the results obtained for any of the other
parameters. Website accuracy for individual websites
significantly correlated with website comprehensiveness,
indicating that websites with the highest accuracy also tend to
be those that provide the greatest amount of celiac
disease-specific information. In addition, the websites that
provided the most information also tended to be those with the
greatest transparency. Conversely, websites that contained
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personal testimonials tended to be less accurate as indicated by
a significant negative correlation between those parameters.

Study Design

Several features of the design of this study contribute to its
strength. First, the sample size and the method of selection we
used to choosethefinal 98 websitesfor analysiswereimportant.
Among other variables, search engines use algorithmsto conduct
searches that are personalized to past searches, popularity, and
quality of the content. We circumvented thisin part by disabling
customizations on Google and cookies on al 3 search engines.
Since each person still may obtain a dightly different search,
we used a large sample size to include the websites that the
majority of individuals would obtain in their search results. By
obtaining 100 initial websites from the each of the 3 search
engines and wei ghting those websites for their frequency of use
by the general population in the United States, we achieved a
large sample size of the sites most often viewed by individuals
searching for information using the search term celiac disease
and concurrently minimized the standard error of reliability
[44-46].

An additional strength of this study was the use of 3 website
raters. The raters were trained to review the sites but were not
otherwiseinvolved with the study design or the Wm. K. Warren
Medical Research Center for Celiac Disease. Each rater
independently analyzed each of the 100 websites using objective,
easily scored criteria. We achieved very strong positive
correlations between the test and retest scores of theindividual
reviewers for comprehensiveness, and moderately strong
positive correlations for accuracy and transparency; and almost
perfect interrater agreement for comprehensiveness, with
moderate to strong levels of agreement for accuracy and
transparency.

Limitations

We analyzed the top 100 consumer-accessed websites from the
major search engines, which provided a meaningful number of
sites for analysis. This sample included most of the academic
medical centers in the US that have centers of excellence in
celiac disease. However, our sample of websites did not have
an equal representation of academic, commercial, nonprofit,
and professional (nonacademic) website publishers. Balancing
the number of websites from each type of website publisher
would require specific website selection based on publisher
type and would not achieve our aim of analyzing the most highly
accessed websites.

The study design used the phrase celiac disease as the search
term. We determined from patient groups and health care
professionals that this was the search term most likely to be
used by individuals seeking general information about celiac
disease. However, we recognize not all individuals might use
that term. Thus, others searching for information about celiac
disease might use focused search phrases such as celiac disease
symptoms, celiac disease diagnosis, or celiac disease treatment
or, aternatively, general terms such as gluten free, gluten
intolerant, or gluten sensitive, which may yield a different set
of websites.
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The core information base for celiac disease we used to grade
website accuracy and comprehensiveness was developed by
academic professionals expert in celiac disease. This core
information was a sampling of evidence-based information
considered relevant for the purpose of probing the accuracy and
content of the websites analyzed. One could discuss why some
items of information were or were not included in our core
information base. However, the base was of sufficient scope
that some additionsor deletionsare unlikely to have significantly
affected the results and conclusions of this study. We did not
address how the specific inaccuracies in information on the
variouswebsites might adversely affect consumer understanding
of this disease, its diagnosis, or treatment, or how various
inaccuracies have different level s of potential for causing harm.

Website quality was a composite score based on weightings
provided to its 4 component scores, based on the perceived
importance of each component to website quality. Although the
weighting we used was derived from a consensus of severa
experts in the field, different experts could arrive at different
weightings. Nonetheless, there should be uniform agreement
that the relative weighting of accuracy is the most important
single weighting for website reliability and reader education
and exceeds that of comprehensiveness, since topics not
addressed on one website are likely to be covered by another

[47].

Website design features and layout may render one website
more or less difficult to navigate than another. Although this
hasimplications for the ease of the reader finding information,
our study did not evaluate differencesin website design features,
as such evaluations tend to be relatively subjective. We also did
not compare the accuracy, comprehensiveness, transparency,
and readability of celiac disease information available on the

McNally et a

Web with that presented by other media (eg, television,
magazines, or Nnewspapers).

Finally, we recognize that increasing the number of reviewers
might further improve interrater reliability statistics [48]. We
also note that websites related to this disease arein a.continuous
state of change.

Conclusions

Websites are amajor source of information about celiac disease
for patients, the public, and health care providers. However, it
is difficult for the average individual seeking information on
celiac disease to assess the reliability and overall quality of the
material being presented. The 98 most accessed celiac disease
websites were shown to be highly variable in the accuracy and
comprehensiveness of the data presented, as well as in their
transparency, readability, and overall quality. Furthermore, the
type of website publisher was not a predictor of individual
website accuracy, comprehensiveness, reading grade level, or
overall quality. Based on objective criteriaand arigorousreview
process, only 4 of 98 websites achieved an overall quality score
deemed sufficient to judge the information on the website as
reasonably trustworthy and reliable. Since the type of website
publisher alone is not a valid indicator of accuracy and
comprehensiveness of information that focuses on celiac disease,
we suggest that all types of website publishers addressing celiac
discase pay (greater attention to the accuracy,
comprehensiveness, transparency, and readability of the
information they provide. We further suggest that a regular
ongoing review and evaluation of the most highly accessed
websites by expertsin celiac disease may be hel pful to patients,
health care professionals, members of celiac support groups,
and thosein the public seeking accurate and reliableinformation
about celiac disease on the Internet.
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