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Background: The Internet is a vital source of information for patients hoping to learn more about their disease.
Health literacy of the general population is known to be poor, with the U.S. Department of Health and Human
Services (USDHHS) recommending that patient-oriented literature be written at a fourth- to sixth-grade reading
level to optimize comprehensibility. In this study we assessed the readability of online literature specifically for
Graves’ disease (GD) and thyroid-associated ophthalmopathy (TAO).
Methods: Readability of the content of the top 20 English-language GD patient-oriented online resources and top
30 of the equivalent TAO resources returned by Google search was analyzed. Web pages were identified using
the Google search terms ‘‘Graves’ disease’’ and ‘‘Thyroid-Associated Ophthalmopathy,’’ respectively. Extra-
neous text (e.g., hyperlinks, affiliations, disclaimers) was removed. Relevant text proceeded to readability
analysis using four validated measures: Flesch Reading Ease Score, Flesch-Kincaid Grade Level, Simple Measure
of Gobbledygook, and Gunning-Fog Index. Readability was compared with USDHHS standards.
Results: Overall, median word count (with interquartile range [IQR] and range) was 990 (IQR 846, 195–3867),
with a median of 18 words per sentence (IQR 4.0, 7.5–28). Median Flesch Reading Ease Score was 46 (IQR 13, 24–
64), Flesch-Kincaid Grade Level 11 (IQR 3.0, 7.2–17), Simple Measure of Gobbledygook 13 (IQR 2.0, 9.6–17), and
Gunning-Fog Index 13 (IQR 3.0, 9.2–19), each equivalent to a reading level of >11th grade and ‘‘difficult’’ on the
USDHHS classification. None of the web pages evaluated had readability scores in accordance with published
guidelines. There was no significant difference with the country of origin of each web page, website commercial
status, or with pages predominantly focused on GD or TAO.
Conclusions: Readability scores for online GD and TAO patient-focused materials are inferior to those re-
commended. Screening of this online material, as well as subsequent revision, is crucial to increase future patient
knowledge, satisfaction, and compliance.

Introduction

Thyroid-associated ophthalmopathy (TAO) is a com-
mon inflammatory condition of the orbit associated

with autoimmune thyroid disease, particularly Graves’ dis-
ease (GD) (1). TAO is a complex condition with a poorly un-
derstood etiology, often requiring medical and surgical
management of the underlying thyroid abnormality (1). In
addition, discussion may be required regarding the risks and
benefits of immunosuppression or orbital radiotherapy,
smoking cessation advice, and perhaps explanation of options

for surgical rehabilitation (1). With this extensive information
to absorb and understand, together with clinical time con-
straints and understandable anxiety, many patients may for-
get details or initially misunderstand, going on to seek further
information, commonly through the Internet (2). Indeed, it is
known that educational material gained outside the initial
face-to-face consultation can be helpful in aiding recall of in-
formation and improving patient knowledge (3).

The Internet has revolutionized patient education (4). Stu-
dies from earlier in this decade reported that 40–50% of the
population uses the Internet to gain health information (5,6),
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although this proportion fell to around a third in those aged
over 60 years (7). It is conceivable that Internet use for health
education purposes has expanded further over the past sev-
eral years, although it is known that, even in 2006, 98 million
U.S. citizens searched for health information on the Internet
(2). However, although the quantity of health information on
the Internet is extensive, there is variable quality and reli-
ability, and it can be difficult for patients to know which web
pages provide accurate and up-to-date information among
the many available (8). In addition, the information is useful
only if patients have sufficient health literacy to comprehend
what is written.

Health literacy is ‘‘the ability to perform basic reading and
numerical tasks required to function in the healthcare envi-
ronment’’ (2). Reading level is a crucial component of health
literacy, and the readability of an online resource is therefore a
critically important factor determining whether the informa-
tion may be comprehended (4,9). It is estimated that 34% of
adults in the United States have only basic or below basic
reading literacy (10) with an inverse relationship between age
and reading skill level, even when adjusted for cognitive
impairment or years of schooling (11). Furthermore, it has
been determined that the average reading age in the United
States is between a seventh- and eighth-grade level (12,13).

In response to these apparent high levels of inadequate
adult health literacy, the U.S. Department of Health and
Human Services (USDHHS) recommended that health infor-
mation for patients be written at or below the sixth-grade
level. Information is categorized as being of ‘‘easy’’ readability
if written at this level, ‘‘average’’ if assessed between seventh-
and ninth-grade readability, and ‘‘difficult’’ if above this
(Table 1) (2). Previous studies have evaluated the readabil-
ity of online patient information for a variety of medical
conditions, including heart disease, cancer, stroke, chronic
obstructive pulmonary disease, diabetes mellitus, thyroid
surgery, craniofacial conditions, age-related macular degen-
eration, orthopedic conditions, dermatological problems, ab-
dominal aortic aneurysm, epilepsy, and Parkinson’s disease
(Table 2) (2,4,8,9,12–20). Each of these studies determined that
the readability of most online patient education materials,

using a variety of readability scores, is less than that re-
commended by USDHHS. This is important because such
information may not be understood or, perhaps worse, may
be misinterpreted by patients (14). It has previously been
shown that suboptimal health literacy may impact on patient
healthcare, with poorer treatment compliance and possible
increased risk of hospitalization (9). Furthermore, better
health education is associated with improved outcomes, les-
ser patient anxiety, and higher patient satisfaction (13).

There are no current data on the readability of web pages
specifically for patients with GD and TAO. Given that these
are common, complex conditions, requiring multidisciplinary
management by endocrinologists, ophthalmologists, otolar-
yngologists, and radiation oncologists, an assessment of the
online patient information available is important. The evalu-
ation of this information will result in recommendations or
amendments to improve readability. The aim of this study
was therefore to assess the readability of online patient in-
formation literature specifically related to GD and TAO.

Materials and Methods

The readability of the content of the first 20 English-
language GD patient-oriented online resources and first
30 equivalent TAO resources returned by a Google search
was analyzed. Web pages were identified in November 2012
using Google search terms ‘‘Graves’ disease’’ and ‘‘Thyroid-
Associated Ophthalmopathy,’’ respectively. The country of
origin of each web page was recorded, as was its commercial or
not-for-profit status. No web pages intended for healthcare
professionals were included for assessment. A Google search
was undertaken for the TAO web pages first, before proceeding
to GD searches. Web pages that were present in the TAO search
and then found again in the GD search were not re-analyzed, in
order to avoid duplication. In keeping with previous published
studies, all text not contributing to patient education (e.g.,
disclaimers, acknowledgements, hyperlinks, citations, affilia-
tions, copyright notices, author information) was removed,
with only relevant patient information text proceeding to
analysis with an online readability calculator (www
.harrymclaughlin.com) providing three distinct readability
scores: Flesch-Kincaid Grade Level (FKGL), Gunning-Fog In-
dex (GFOG), and Simple Measure of Gobbledygook (SMOG).
The same text was evaluated in Microsoft Word 2010 for word
count, number of words per sentence, and a further readability
measure, Flesch Reading Ease Score (FRES). All web searches,
relevant text extraction, readability scoring, and subsequent
analysis were undertaken by one researcher (M.R.E.).

The four readability measures utilized are based on for-
mulas assessing sentence length and word complexity. They
are well validated and have previously been employed in a
wide range of studies (Table 2). FRES is based on a 100-point
score, with higher numbers signifying text that is easier to
read. FKGL, SMOG, and GFOG represent the U.S. school-
grade level (number of years of education) necessary to un-
derstand the material (Table 1). For example, a score of 9.0
indicates that a pupil in the 9th grade (14–15 years of age) can
understand such a document. FKGL, SMOG, and GFOG
correlate inversely with FRES, with higher FRES indicating
lower FKGL, SMOG, or GFOG (19).

D’Agostino-Pearson test determined that all readability
data were nonparametric in nature. All data are therefore

Table 1. Flesch Reading Ease Score with Equivalent

Grade Level; Flesch-Kincaid Grade Level,

Simple Measure of Gobbledygook, or Gunning-Fog

Index Score; U.K. School Age; and U.S. Department

of Health and Human Services Readability Rating

FRES
FKGL/SMOG/
GFOG score

U.S. grade
level

U.K. school
age (years)

USDHHS
readability

0–29 Above college Difficult
30–49 > 12 College 17 +
50–59 10–12 10th to 12th 15–17
60–69 8–9 8th to 9th 12–15 Average
70–79 7 7th
80–89 6 6th 9–12 Easy
90–100 5 5th

Readability scores for patient-oriented health information are all
recommended to be in the USDHHS ‘‘easy’’ classification. Adapted
from Patel et al. (13).

FKGL, Flesch-Kincaid Grade Level; FRES, Flesch Reading Ease Score;

GFOG, Gunning-Fog Index; SMOG, Simple Measure of Gobbledygook;

USDHHS, U.S. Department of Health and Human Services.
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presented with median values (and interquartile ranges
[IQRs]), and between-group analysis was undertaken with
the Mann–Whitney test. Spearman’s rank correlation was
used to determine the relationship between different facets of
readability. All analysis was undertaken using GraphPad
Prism 5.0 (GraphPad Software, San Diego, CA) and read-
ability categorized according to USDHHS standards.

Results

Of the 50 web pages assessed, 58% were of U.K. origin, 36%
from the United States, and 6% from other countries. Most
(76%) were from not-for-profit websites and 24% from com-
mercial websites. Overall, median word count (with IQR and
range) was 990 (IQR 846, 195–3867), with 18 mean words per
sentence (IQR 4.0, 7.5–28). Median FRES was 46 (IQR 13, 24–
64), FKGL 11 (IQR 3.0, 7.2–17), SMOG 13 (IQR 2.0, 9.6–17), and
GFOG 13 (IQR 3.0, 9.2–19) (Table 2). All web pages examined
were assessed as containing accurate information, of relevance
specifically to GD and TAO patients. The range of different
readability scores and their corresponding USDHHS read-
ability category for all web pages are presented in Figure 1.
There was no significant difference in any of the readability
measures by the country of web page origin, whether the web
page was from a commercial or not-for-profit source, or be-
tween web pages specifically for GD or TAO patients. There
was no correlation between word count and any of the read-
ability measures, but, as expected, words per sentence corre-
lated significantly with all readability scores investigated.

Discussion

This is the first study to assess the readability of online
patient-oriented material for both GD and TAO. The quantity

of online literature related to GD and TAO is vast, with
4,610,000 and 2,910,000 online resources being returned, re-
spectively, by Google search. However, it is uncertain whe-
ther the information available is accurate, reliable, or readable
as web pages are not subject to peer or lay review. These
abundant online resources are only useful if patients are able
to understand and act upon the contents. Although 60% of
web pages were based on a search for TAO and 40% for GD, in
reality (and understandably) the content of web pages over-
lapped considerably, often comprising information related to
both diagnoses. In addition, the majority of the web pages
were of U.K. origin. This is likely because Google.co.uk was
used for all searches, rather than Google.com. However, the
results are widely applicable to both U.K. and U.S. patients
and physicians as there was no significant difference in
readability statistics between U.K. and non-U.K. web pages.

Our study is in keeping with previous articles in finding
that the reading level of the majority of online patient-focused
information for GD and TAO is too high for the majority of the
population, each web page evaluated falling short of pub-
lished guidelines. None of the web pages examined, with any
of the readability scores, was within recommended USDHHS
readability guidelines of ‘‘easy’’ and all median scores were in
the ‘‘difficult’’ USDHHS category. Only 4% of web pages were
in the ‘‘average’’ USDHHS readability bracket as defined by
FRES of 60 or more. In terms of an ‘‘average’’ rating by grade
level of less than 9th, FKGL had 20%, SMOG 2%, and GFOG
4%. It is important to note that there were no significant dif-
ferences in median readability scores with web page type
(commercial or not-for-profit), country of origin, or whether
predominantly related to GD or TAO. This is contrary to a
previous study (2), which found commercial web pages to be
easier to read, although other studies have found no such

FIG. 1. Distribution of each of the
USDHHS readability ratings for
each of the readability scores of all
web pages examined. USDHHS
recommends readability of patient
information resources to be in the
‘‘easy’’ category. FKGL, Flesch-
Kincaid Grade Level; FRES, Flesch
Reading Ease Score; GFOG,
Gunning-Fog Index; SMOG,
Simple Measure of Gobbledygook;
USDHHS, U.S. Department of
Health and Human Services.
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significant difference (8). It is important to note that none of
the sites were assessed as containing inaccurate or dangerous
information.

The results for each condition were limited to the first 30
TAO sites and first 20 GD sites identified by Google, as it was
believed that these were the most likely to be viewed by a
patient, and also to avoid selection bias. We essentially wan-
ted to recreate the experience of a typical patient searching for
information relevant to them. The alternative was to have
randomly chosen web pages from those returned by the
Google search terms. Previous studies have found a correla-
tion between reading difficulty and Google ranking, with
higher ranked web pages possibly being easier to read (2).
Google ranking is based on a number of factors, including the
relevance of the web page to the search term used and number
of highly ranked links to other web pages, blogs, or discussion
forums. However, in our study, there was no difference in
readability scores between the top 10 web pages for GD and
TAO overall as compared with those of the bottom 10, out of
the 50 resources that were assessed.

It is acknowledged that each of the readability scores has
limitations. All of the measures estimate only the ease with
which particular words can be read, not if they can be un-
derstood. Indeed, it has previously been highlighted that
while a shorter word may not be more understandable, a
longer word may not be more difficult to understand (19). It
was also noted that some web pages that subjectively ap-
peared to be of excellent readability and provided accurate,
relevant information had poor readability scores. For exam-
ple, one of the passages within a particular web page was, ‘‘If
the muscles become swollen, then this can affect how well the
muscles are able to control the ability of the eyes to move
together. This can cause double vision. This is a symptom
which occurs when the eyes do not quite point in the same
direction and therefore each sends a slightly different message
to the brain. When this happens our brains ‘see’ two of ev-
erything.’’ This returns readability scores of FRES 69.9, FKGL
7.7, SMOG 9.7, and GFOG 10.3—that is, ‘‘average’’ readabil-
ity, but still above USDHHS-recommended readability
guidelines. Even when the passage is simplified further,
mainly by shortening sentences, to ‘‘If the eye muscles swell,
the eyes may not move together well. This can cause double
vision. This occurs when the eyes do not point in the same
direction and each sends a different message to the brain.
When this happens, our brains ‘see’ two of everything,’’ the
readability scores improve only to an extent where FRES is
68.3, FKGL 5.3, SMOG 8.5, and GFOG 8.1. That is, even with
these amendments, only FKGL is within USDHHS readability
guidelines. To further put this into context, a 989-word ex-
cerpt from one of the popular Twilight series of books scored
FRES 72.3, FKGL 6.1, SMOG 8.2, and GFOG 6.9.

By the same token, the readability scores may be con-
founded by medical terms used in some web pages, with
polysyllabic medical terminology such as ‘‘methimazole,’’
‘‘thyrocyte,’’ and ‘‘hyaluronic acid’’ being returned as being of
poor readability even if they had been well defined and ex-
plained within the web page before further use. For example,
when a passage about antithyroid treatment is compared
before and after the word ‘‘methimazole’’ is removed, the
passage without the drug name, but otherwise unchanged,
has an FRES that is 20 points higher and FKGL, SMOG, and
GFOG two to three U.S. school-grade levels lower.

It may be that some of the perceived readability of partic-
ular web pages is due to aspects of presentation and layout,
with the inclusion of meaningful illustrations and figures,
which are also known to contribute to comprehension and
information recall (4). The readability assessment software
does not take account of these features, and these extra di-
mensions, likely to contribute to comprehension of informa-
tion, were not assessed in this study. In addition, it may be
argued that a certain degree of complexity of information is
required. If the written material is too ‘‘simplified,’’ then the
web page may be of insufficient depth for some patients,
particularly if they have become familiar with relevant con-
cepts and terminology of care having already attended per-
haps multiple different specialists over a prolonged period.

For those wishing to evaluate their own patient-oriented
information before making the content publicly available, we
recommend the use of online readability assessment software,
such as that used in our study. As well as providing read-
ability scores, the output of such software often also provides
specific sentence-by-sentence guidance on how to improve
readability of literature produced. Following this, a number of
agencies have identified common pitfalls in writing infor-
mation specifically for patients and provide guidance on how
to go about addressing these. In particular, the National In-
stitutes of Health (www.nlm.nih.gov/medlineplus/etr.html)
recommend simple strategies such as finding alternatives for
complex words; avoiding jargon, abbreviations, and acro-
nyms; keeping sentences to only 10–15 words; and providing
simple pronunciation guides. These resources and each of
these suggestions should be borne in mind whenever patient-
oriented information is prepared (21).

In summary, the readability of GD and TAO web pages
specifically for patient information purposes is not in keeping
with estimates of the reading level and health literacy of the
adult population. Clinicians treating GD and TAO patients
should be aware that the online literature may be limited in its
readability. We recommend that all current GD and TAO web
pages are independently audited for their readability by lay
reviewers and readability experts, with amendment as neces-
sary. It may also be beneficial, in future, to have minimum
readability stipulations. Individual clinicians specializing in the
management of GD and TAO may wish to make their own
assessment of the appropriateness and readability of particular
web pages and provide the relevant links for recommended
web pages to their patients to guide their reading.
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