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Introduction: Online patient educational materials (OPEMs) help patients engage in their
health care. The American Medical Association (AMA) recommends OPEM be written at or
below the 6th grade reading level. This study assessed the readability of deep venous
thrombosis OPEM in English and Spanish.
Methods: Google searches were conducted in English and Spanish using “deep venous
thrombosis” and “trombosis venosa profunda,” respectively. The top 25 patient-facing re-
sults were recorded for each, and categorized into source type (hospital, professional society,
other). Readability of English OPEM was measured using several scales including the Flesch
Reading Ease Readability Formula and Flesch-Kincaid Grade Level. Readability of Spanish
OPEM was measured using the Fernandez-Huerta Index and INFLESZ Scale. Readability was
compared to the AMA recommendation, between languages, and across source types.
Results: Only one (4%) Spanish OPEM was written at an easy level, compared to 7 (28%)
English OPEM (P = 0.04). More English (28%) OPEM were easy to read compared to Spanish
(4%), with a significant difference in reading difficulty breakdown between languages
(P = 0.04). The average readability scores for English and Spanish OPEM across all scales
were significantly greater than the recommended level (P < 0.01). Only four total articles
(8%) met the AMA recommendation, with no significant difference between English and
Spanish OPEM (P = 0.61).
Conclusions: Nearly all English and Spanish deep venous thrombosis OPEM analyzed were
above the recommended reading level. English resources had overall easier readability
compared to Spanish, which may represent a barrier to care. To limit health disparities,
information should be presented at accessible reading levels.
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Introduction

Online patient educational materials (OPEM) are a valuable
source of health-care information for patients and have the
potential to improve patient involvement and adherence to
medical care.” However, for the information provided to be
accessible, OPEM must be written at a level that is compre-
hensible to the public, a concept termed “readability”.? To this
aim, the American Medical Association (AMA) recommends
that OPEM be written at or below a 6th grade reading level.*

Deep venous thromboses (DVTs) present as a major health
concern, affecting up to 5% of the population, with an annual
incidence of 1 million people in the United States.” DVT may
lead to life-threatening pulmonary embolism.® DVTs are also
associated with progression to postthrombotic syndrome,
affecting 25%-40% of patients,” and resulting in chronic leg
swelling as well as venous ulceration. Adequate OPEM that
may assist in patient education and increase awareness of
DVT and its complications may ameliorate the long term
sequelae of untreated DVT.”

English and Spanish are the two most commonly spoken
languages in the United States,® and it is therefore imperative
that OPEM in these two languages be written at an appropriate
reading level. The objective of this study was to evaluate the
readability of DVT OPEM in English and Spanish, compare the
readability to the AMA recommendation, between languages,
and across source types.

Methods
Data collection

We conducted a Google web engine search in English and
Spanish using the terms “deep venous thrombosis” and
“trombosis venosa profunda,” respectively. Google was cho-
sen as the search engine because it has been shown to
comprise most of the market share for internet searches at
88.1%.” The search was conducted in private browsing mode
with account, location, and tracking settings disabled. The top
25 patient-facing search results in each language were
collected. Sources were excluded if they contained purely
commercial information, were not currently working, were
password-protected, discussion groups or forums, advertise-
ments, subscription-based, or were targeted toward physi-
cians. The articles which fulfilled inclusion criteria were
categorized by source type as hospital, professional society, or
other. Resources were categorized as “hospital” if they were
written by institutions that provide medical or surgical care to
patients. “Professional societies” included organizations
focused on the advancement of a particular profession or in-
terest. “Other” included information from websites that did
not fit in the previous two categories, including health infor-
mation websites. The following components of articles were
removed to avoid misleading the readability analysis soft-
ware: tables, images, titles, headings, embedded punctuation
(decimals, colons, semicolons, parenthesis, abbreviations
including periods, and dashes within sentences), bullet points

not in sentence form, navigation, copyright notice, dis-
claimers, date stamps, author information, hyperlinks, and
source information.

Assessment of readability

Readability of English-language OPEM was measured using
the Flesch Reading Ease Readability Formula (FRES), Auto-
mated Readability Index, Coleman-Liau Index, Flesch-Kincaid
Grade Level, Gunning Fog, Linsear Write Formula, and the
Simple Measure of Gobbledygook Index. Readability of Span-
ish OPEM was measured using the Ferniandez-Huerta Index
and INFLESZ Scale. Factors evaluated and formulas used in
calculating each score are outlined in Table 1. The FRES, Fer-
nandez-Huerta Index, and INFLESZ Scale were scored on a
scale from 0 (most difficult) to 100 (easiest to read) by
convention.'® The remaining scores were calculated as grade
level reading difficulty. Scores for each article were recorded.

Statistical analysis

Median readability scores were compared to the AMA-
recommended reading level using a Student’s t-test. Fisher's
exact tests were used to compare readability between English
and Spanish resources by source types and by readability
categorized into easy, standard, or difficult by the FRES and
Ferniandez-Huerta Index for English and Spanish, respec-
tively. Mean readability scores for each source type were
calculated and compared between English and Spanish re-
sources using an analysis of variance test. A P value <0.05 was
chosen for statistical significance. All statistical analyses were
performed using STATA version 17.0 (StataCorp, College Sta-
tion, Texas).

Results

The top 25 English and Spanish resources from the Google
search that met inclusion criteria are displayed in
Supplementary Tables 1 and 2. The resulting webpages
covered a variety of topics about DVTs, including the defini-
tion of DVTs, risk factors, tips for prevention, symptoms,
complications, treatment, and long-term sequelae. Median
readability scores ranged between 9th and 11th grade for En-
glish OPEM and median readability scores were 57 and 62 for
Spanish OPEM, which both correspond to a reading level of
8th-9th grade (Table 2). The median reading grade levels for
English and Spanish OPEM by all readability scales were
significantly higher than the AMA-recommended maximum
reading level of 6th grade (all P < 0.01). As shown in Table 3,
more resources fell within the Hospital category in both En-
glish (48%) and Spanish (60%) compared to either Professional
Societies or Other. There was no significant difference be-
tween the two languages in the breakdown between cate-
gories. However, there was a statistically significant difference
in the breakdown between reading difficulty in English and
Spanish (P = 0.04), as determined by the FRES in English and
Fernandez-Huerta Index and INFLESZ in Spanish. In Spanish,
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Table 1 — Readability analysis tests.

Test Qualities assessed Formula
English
FRES Word complexily, sentence 206.835 — [1.015 (total words/total sentences)] — [84.6 (total syllables/

Gunning fog

Flesch-Kincaid Grade
Level

Coleman-Liau index
SMOG

Automated Readability

index

Linsear Write fFormula

length

Word complexity, sentence
length

Word complexity, sentence
length

Word length, sentence length

Word complexity, sentence
length

Word length, sentence length

Word complexily, sentence

length
Spanish
Fernandez-Huerta index Word complexily, sentence
length

INFLESZ Scale

Word complexity, sentence
length

total words)]

0.4 [(words/sentences) + 100 (words with three or more syllables/words)]

[0.39 (total words/total sentences)] + [11.8 (total syllables/total words)] —
15.59

[5.89 (characters/words)] — [29.5 (sentences/words)] - 15.8
1.0430 (/30 x words with three or more syllables/sentences) + 3.1291

4.71 (letters/words) + 0.50 (words/sentences) — 21.43

[(one and two syllable words) + 3 (three syllable words)]/total sentences

206.84 — [0.60 (total words/total sentences)] — [1.02 (total syllables/
total words)]

206.835 — 62.3 x (syllables/words — words/sentences)

FRES = Flesch Reading Ease Readability Formula; SMOG = Simple Measure of Gobbledygook.

Table 2 — Distribution of readability scores for English-

and Spanish-language sites.

only 4% of OPEM were deemed easy to read, compared to
nearly one third of English OPEM receiving the easy label
(Fig. 1).

There were no significant differences in the median read-

Readability scale Median Comparison to 6th . G . ;
(interquartile grade or lower ability of all readability metrics across sources (hospital, pro-
range) reading level’ fessional society, or other), as shown in Table 4. Only four total
- articles (3/25, 12% in English; 1/25, 4% in Spanish) met the AMA
English (n = 25) . . R
1 ) recommended reading level. This was not significantly
FRES 643 (38.1-71.3) P<o001 different between languages (P = 0.61) (Fig. 2).
Gunning fog (grade 11.1 (9.7-13.7) P <001
level)
Flesch-Kincaid 8.1(6.8-9.4) P <001
Grade Level
(grade level) Table 3 — Source and readability difficulty in English- and
Coleman-Liau 10.0 (9.0-10.0) P < 0.01 Spanish-language materials.
il Source and English- Spanish- P value’
level) readability language language
SMOG (grade level) 8.2 (7.2-9.3) P <001 (n = 25) (n=25)
Aulomate-_d_ _ 8.6 (6.9-9.4) P <001 e 0.75
Readability index .
(grade level) Hospital 12 (48%) 15 (60%)
Linsear Write 9.0 (7.6-10.8) P < 0.01 Professional 6 (24%) > o%)
Formula (grade Erelzyy
level) Other 7 (28%) 5 (20%)
Spanish (n = 25) Readability’ 0.04
Fernandez-Huerta 61.6 (59.5-65.1) P < 0.01 Easy 7 (28%) 1(4%)
index’ Standard 9 (36%) 16 (64%)
INFLESZ scale! 57.0 (54.9-60.7) P < 0.01 Difficult 9 (36%) 8 (32%)

FRES — Flesch Reading Ease Readability Formula; SMOG = Simple
Measure of Gobbledygook.
"Calculated using a Student’s t-test with statistical significance set

at P < 0.05.

TScored from 0 (most difficult) to 100 (easiest).

Bolded values indicate statistical significance.

*Calculated using a Fisher's exact test.

TEnglish-language materials measured using the Flesch Reading
Ease Readability Formula and Spanish-language materials
measured using the Fernandez Huerta Index.
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English

P=0.04

Fig. 1

Spanish

Standard,
16 (64%)

English and Spanish online patient educational materials differ significantly in readability breakdown.

Discussion

This study showed that the median readability for both En-
glish and Spanish OPEM was written at a higher reading level
than both the AMA-recommendation of 6th grade or lower’
and the average adult reading level of 8th grade in the
United States.'™'? The National Assessment of Adult Literacy
showed that only 12% of American adults possess the literary
skills necessary to understand the health-care information
presented in brochures or pamphlets.”® Additionally, more
English OPEM were classified as easy to read compared to
Spanish resources. This presents a considerable problem as
Spanish is the second most spoken language in the United
States,'* and the Spanish-speaking-only community make up
12.8% of the American population. Furthermore, the Hispanic
community comprises a disproportionately large segment of
the United States population with low English literacy,*"”

emphasizing the importance of providing comprehensible
health-care information in the Spanish language. Considering
that many people who call the United States home speak
languages other than English and Spanish as well, efforts
should be made to provide accessible OPEM in every language.

DVTs affect more than 1 in 12 people in their lifetime, with
prevalence rising exponentially with age.'®' The average
reading level within the Medicare beneficiary population is 5th
grade, even lower than the AMA recommended reading level
for OPEM and the average United States adult reading level of
8th grade. Considering that older people are at higher risk for
DVT, it becomes increasingly more important that OPEM be
written at levels accessible to the aging members of our
communities.

Similar readability studies analyzing English resources on
topics including peripheral arterial disease,” orthopedic sur-
gery,'* trauma surgery,'” and more have led to similar con-
clusions that most patient-facing resources are not written at

Table 4 — Readability by source in English- and Spanish-language materials.

Readability scale Hospital Professional society Other P value’
English (n = 25)
FRES' 62.5 (10.4) 66.4 (7.2) 67.7 (8.8) 0.47
Gunning fog (grade level) 11.7 (2.4) 10.9 (1.5) 10.7 (1.8) 0.59
Flesch-Kincaid Grade Level (grade level) 8.5(2.) 7.8 (1.5) 7.6 (1.6) 0.54
Coleman-Liau index (grade level) 9.8 (1.5) 9.5 (0.8) 9.0 (1.2) 0.50
SMOG (grade level) 8.6 (1.7) 8.0 (1.1) 7.9 (14) 0.55
Automated Readability index (grade level) 8.5(2.3) 7.9 (1.7) 7.7 (1.6) 0.66
Linsear Write Formula (grade level) 9.6 (2.8) 8.7 (1.9) 8.6 (2.0) 0.63
Spanish (n = 25)
Fernandez-Huerta' 61.5 (6.2) 60.3 (2.8) 62.8 (6.4) 0.78
INFLESZ scale’ 57.0 (6.3) 55.8 (3.0) 58.3 (6.6) 0.79

Reported as mean (standard deviation).

FRES = Flesch Reading Ease Readability Formula; SMOG = Simple Measure of Gobbledygook.

“Calculated using an analysis of variance (ANOVA) test.
TScored from 0 (most difficult) to 100 (easiest).
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English

P=0.61

Spanish

No,
24 (96%)

Fig. 2 — The majority of English and Spanish online patient educational materials do not meet the recommended reading

level.

a level appropriate for the public. Additional studies have
examined the readability of Spanish resources within
dermatology,'® radiology,'® and vision health,?” among other
categories, finding that they were also written at reading
levels too advanced for the average reader. One study
analyzing the readability of English and Spanish peripheral
arterial disease OPEM found resources in both languages to be
above the recommended reading level.”!

OPEM serve as an essential bridge in knowledge at multiple
stages, perhaps early on when the patient first begins expe-
riencing symptoms, reading OPEM may prompt patients to
present symptoms to their health-care provider. Once the
patient has talked to a health-care professional, OPEM may be
used to increase the patient’s understanding of their condi-
tion. Following a diagnosis, OPEM may serve as a reminder to
the patient of signs and symptoms for which they should
monitor. Especially in the case of patient with low health lit-
eracy, OPEM may be imperative in reinforcing the teaching
that clinicians have provided in their clinic, and ultimately
adding to and solidifying the knowledge that clinicians have
shared. This is particularly relevant in the case of DVTs, as
20%-50% of patients may progress to the postthrombotic
syndrome, which is known to reduce quality of life through
symptoms of lower extremity edema, pain, and venous ul-
ceration.””?* OPEM may help remind patients of potential long
term complication leading to increased vigilance, diagnosis
and management of the chronic condition.

Now that it has been established that OPEM readability in
many topics, including DVT, do not meet the recommended or
average public reading level, efforts must be dedicated to
creating OPEM that are more widely comprehensible. One
mechanism of doing so may include using artificial intelli-
gence such as Chat Generative Pretrained Transformer to
rewrite existing OPEM at lower reading levels. Acknowledging
that the accuracy of information could potentially be

compromised during this process, the work would need to be
thoroughly proofread prior to publication.

Limitations of this study include the fact that the read-
ability analysis software used analyzes only the readability of
the written words. This means that the content was not
examined for accuracy and that no media including images,
photos, diagrams, videos, or tables, were included in the
readability analysis. Additionally, only the top 25 articles in
each languages were studied, but less than 2% of Google users
click beyond the 10th search engine result.”*

Conclusions

Nearly all English and Spanish OPEM on the topic of DVT were
written at a reading level higher than that recommended by
the AMA. There was a significant difference between the two
languages in the percentage of OPEM that were classified as
easy, standard, or difficult to read. Efforts should be made to
develop OPEM that are comprehensible to the public, espe-
cially in common languages such as English and Spanish.

Supplementary Materials

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jss.2024.08.013.
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