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Introduction. The National Institutes of Health (NIH), American Medical Association (AMA), and the US Department of Health
and Human Services (USDHHS) recommend that patient education materials (PEMs) be written between the 4th to 6th grade
reading level to ensure readability by the average American. In this study, we examine the reading levels of online patient
education materials from major anesthesiology organizations. Methods. Readability analysis of PEMs found on the websites of
anesthesiology organizations was performed using the Flesch Reading Ease score, Flesch-Kincaid Grade Level, Simple Measure
of Gobbledygook, Gunning Frequency of Gobbledygook, New Dale-Chall test, Coleman-Liau Index, New Fog Count, Raygor
Readability Estimate, the FORCAST test, and the Fry Score. Results. Most patient educational materials from the websites of
the anesthesiology organizations evaluated were written at or above the 10th grade reading level. Conclusions. Online patient
education materials from the major anesthesiology societies are written at levels higher than an average American adult
reading skill level and higher than recommended by National Institute of Health, American Medical Association, and US
Department of Health and Human Services. Online resources should be revised to improve readability. Simplifying text, using
shorter sentences and terms are strategies online resources can implement to improve readability. Future studies should
incorporate comprehensibility, user-friendliness, and linguistic ease to further understand the implications on overall healthcare.

1. Introduction

The American Society of Anesthesiologist (ASA) estimates
40 million anesthetics are administered yearly in the United
States. Although patients have greater preoperative access to
their surgeons, many do not meet their anesthesiologists
until the day of their procedure, placing special importance
on the availability of appropriate resources specific to any
questions and concerns they have regarding risks, complica-
tions, and other anesthesia-specific topics. Patient educa-
tional materials (PEMs) have become ubiquitous with the
popularization of the Internet as a health information
resource. Nearly 8 out of 10 adults in the United States

report looking up information on the Internet about health
topics [1].

Americans use the Internet as a tool to better inform
themselves about diseases and conditions in all of the medi-
cal specialties and as such designing online-based PEMs so
they can be reliably interpreted by the average layperson
has become of ultimate importance [2]. The average Ameri-
can adult reads between an estimated 6th to 8th grade level
[3–6]. In light of these literacy levels, the National Institutes
of Health (NIH), American Medical Association (AMA),
and US Department of Health and Human Services
(USDHHS) have published recommendations outlining that
PEMs should be written at a 4th to 6th grade reading level
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[7–9]. Formulating comprehendible PEMs has profound
implications on costs and health outcomes. Patients with
deficiencies in “health literacy,” defined as the skills essential
to function effectively in a healthcare setting, including read-
ing and comprehension, have higher rates of adverse patient
outcomes, such as longer hospital stays, additional hospital-
izations, and more frequent emergency care visits [10–16].

Readability estimates can be performed using several
commonly used assessments [16–18]. To the best of our
knowledge, there are no studies assessing readability of
online-based anesthesia PEMs. Our objective was to use
the readability assessment tools outlined in Methods to eval-
uate the online PEMs from the ASA, as well as a comparison
of these resources to PEMs from other associated societies
listed on their website, including the Society of Cardiovascu-
lar Anesthesiologists (SCA) and the American Society of
Regional Anesthesia and Pain Medicine (ASRA). Addition-
ally, comparison to online PEMs from the Canadian Anes-
thesiologists’ Society (CAS) was performed.

2. Methods

Online PEMs were found on the ASA’s patient information
website, Lifeline to Modern Medicine (http://www
.lifelinetomodernmedicine.com/). Once the ASA PEMs were
obtained, they were divided into the following general
categories, agreed upon by two independent reviewers:
background information, critical care anesthesia, geriatric
anesthesia, obstetric anesthesia, pain management, pediatric
anesthesia, and risks and complications (Table 1). Any
grammatical symbols such as semicolons, decimals, bullets,
and abbreviations were removed prior to analysis. Readabil-
ity assessments were conducted using Readability Studio
Professional Edition Version 2012.1 for Windows (Oleander
Software, Ltd. These instruments are not copyrighted, no
permission required for use. Vandalia, OH). Any text that
contained nonmedical information, such as citations, refer-
ences, copyright notices, or advertisements was excluded
from this analysis. The readability assessments including
Raygor Readability Estimate, FORCAST test, Fry Score,
Coleman-Liau Index (CLI), the New Fog Count (NFC), Sim-
ple Measure of Gobbledygook (SMOG), Flesh-Kincaid
Grade Level (FKGL), Flesch Reading Ease (FRE) score,
New Dale-Chall (NDC) test, and the Gunning Frequency
of Gobbledygook (G-FOG) were used to estimate grade level
and difficulty among the analyzed PEMs. The Raygor Read-
ability Estimate takes into account the average number of
sentences and lengthy words to make a visual representation
of grade level [19]. The FORCAST test quantifies single-
syllable words and calculates a grade level, while the Fry test
uses the number of syllables and sentences to illustrate grade
level on a graph [20]. The Coleman-Liau score takes into
account sentence length and character count, while the
New Fog Test considers sentence length and the use of poly-
syllabic words (words > 4 syllables) [21]. The SMOG test
also considers polysyllabic words, along with sentence
length, to determine a grade level [22]. The FRE uses syllable
count and sentence length to provide a score depicting diffi-
culty between 0 and 100, a score of 0 being the easiest and

100 being most difficult. The FKGL supplements the diffi-
culty with an estimated grade level [23, 24]. The NDC test
uses the number of unfamiliar words, meaning those not
found on a list of words commonly used and comprehended
by 4th graders, along with sentence length [21]. The
Gunning-Fog assessment uses polysyllabic words (defined
as “complex”) and total number of sentences to determine
a grade level based on American standards [22]. As a sec-
ondary analysis, the aggregate of the text from the ASA
PEMs was pasted into a single Microsoft Word document
and compared with PEMs from other organizations listed
on the ASA website, including the SCA and ASRA, as well
as to web-based PEMs from the CAS. The same software
and readability assessments were used for this analysis and
cross verified by two individuals. All PEMs obtained, includ-
ing those from the ASA, SCA, ASRA, and CAS, were
accessed in June 2021.

3. Results

Grade-level estimates calculated from the readability assess-
ments indicated that difficulty of PEMs from the ASA web-
site averaged at the 11th grade level and above for all topics
(Figure 1), although there was variation among the individ-
ual readability assessments (Table 2). The FRE readability
chart indicated that the PEMs from all topics were at the
“difficult” or “very difficult” level (Figure 2). The Raygor
Readability Estimate, depicted visually, indicates that all
topics were written at or above a 10th grade reading level
(Figure 3). The same readability assessments were per-
formed comparing PEMs from the ASA, CAS, SCA, and
ASRA. PEMs from the websites of these organizations were
written on average above a 12th grade reading level
(Figure 4), although variation was exhibited among the indi-
vidual readability assessments as well (Table 3). The FRE
readability chart and the Raygor Readability Estimate are
depicted visually in Figures 5 and 6, respectively.

4. Discussion

The rapid expansion of the Internet over the past two
decades has allowed for unprecedented access to informa-
tion describing a myriad of medical conditions and treat-
ments. Elderly patients and those in lower socioeconomic
classes are most vulnerable to deficits in health literacy and
subsequent poorer health outcomes [25–27]. As a result,
decisions regarding strategies for designing appropriate
PEMs have potentially widespread ramifications. Creating
online-based PEMs that are readily understood by the aver-
age American adult who reads at a 6th-8th grade level is a
reasonable and necessary objective, since currently, both
private and governmental health organizations are seeking
ways to increase health efficiency. By making online-based
PEMs more comprehendible, patients will be better
informed about decisions on whether to seek care, including
details as specific as warning signs for acute medical emer-
gencies. In anesthesiology, access to appropriately written
PEMs can help patients better understand perioperative
risks, as well as stress the importance of patient participation
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Figure 1: Mean estimated grade level of patient educational materials from the American Society of Anesthesiologists website (https://www
.lifelinetomodernmedicine.com).

Table 1: Articles from the American Society of Anesthesiologists’ patient information website, Lifeline to Modern Medicine.

Background (12)
Know your anesthesia provider before surgery
Propofol as anesthesia
Facts about anesthesia providers and your safety
Say NO Colorado (about CRNAs and supervision)
Tips for patients considering ambulatory surgery
QA what you should know before surgery
Anesthesiology 101: what do I need to know
Common questions for patients preparing for anesthesia
Herbal and dietary supplement use
Medical tourism
Medical tourism questions to ask
Q&A medical tourism

Critical care anesthesiology (3)
Trauma
Medically induced coma vs. sedation
Transplant anesthesia

Risks and complications (18)
Anesthesia and malignant hyperthermia

Q&A malignant hyperthermia
Anesthesia awareness

Ambulatory surgery safety
Obesity and anesthesia
Obstructive sleep apnea
Operating room fires

Stop smoking
Reaction to anesthesia

Facts about malignant hyperthermia
Facts about OSA

7 things to know about anesthesia awareness
Anesthesia drug shortages and you

Anesthesiology and weight-loss surgery
Obese patients and ambulatory surgery centers

Q&A stop smoking
Why and how to quit smoking

Understand the risks of anesthesia

Pediatric (7)
Children and surgery
Pediatric obesity and anesthesia
Robo tripping and children
FAQ: Robo tripping/OTC drug abuse
Q&A for parents: your child’s surgery
Steps for preparing your child for surgery
Does anesthesia affect my child?

Obstetric anesthesia (7)
Labor and delivery

Nitrous oxide during labor
Q&A: chronic pain

Obesity and pain management during childbirth
Potential epidural side effects and risks

Tips to help ease the discomfort of childbirth
Types of pain relief in labor and delivery

Pain management (5)
Pain medicine
Anesthesiologists in pain medicine
Q&A cancer pain
Q&A acute postoperative pain medicine
Treatments for managing pain

Geriatric anesthesia (4)
Seniors

Q&A geriatric anesthesia
Alzheimer’s disease and anesthesia

Surgical checklist for seniors and caregivers

All articles were grouped into the categories (background, critical care anesthesiology, risks and complications, pediatric, obstetric anesthesia, pain
management, and geriatric anesthesia) created by the authors. These individual articles do not appear organized by these categories on Lifeline to Modern
Medicine. All articles were accessed June 2021.
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in maximizing safety. For example, one systematic review
revealed that smoking cessation at least 4 weeks prior to
anesthetic administration resulted in a 0.56 risk ratio for
postoperative complications [28]. Patient-oriented tech-
niques that take time to implement, such as smoking cessa-
tion and weight loss, would be especially useful to convey via
PEM, since education on the day of the procedure via the
anesthesiologist would be of little use. Patients can also learn
more about what type of information about past medical
history is important to report to their anesthesiologist pre-
operatively, decreasing associated risks if this information
is not elicited during preoperative assessment.

There are several clear-cut strategies that can be
employed by the creators of anesthesia PEMs to simplify
the text and better communicate information to patients.
These tactics include, but are not limited to, using simpler
and shorter words, shorter sentences, and stating health
information in fewer total sentences. Readability tests used
in this evaluation mostly assessed these same properties of
the online PEMs when calculating grade-level difficulty. As
an example of this, here is a passage from an ASA PEM that

can be improved using these strategies: “Because the risks
are different for each patient, there is no single way to man-
age against anesthesia risk factors. However, we encourage
you to work with your medical team – including your physi-
cian and anesthesiologist – before any procedure takes place.
For example, if you are a smoker and you are scheduled for
surgery, anesthesiologists recommend that you take steps
right away to quit and remain smoke-free until at least one
week after your procedure. Smokers have a greater chance
of developing complications, including wound infections,
pneumonia and heart attacks, both during and after surgery.
The sooner you quit smoking before surgery, the better your
chances are of avoiding complications.”

This passage was written at between a 13th and 14th
grade reading level, averaging the scores of the readability
assessments. By simplifying and shortening this passage to
the following, the difficulty was decreased to a 6th grade
reading level: “Each patient is unique. Talk to all your doc-
tors before the procedure. Quit smoking at least one week
before the procedure. Smoking is a risk for wound and lung
infections, and heart attacks. These can happen during or
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Figure 2: Flesch Readability chart illustrating that most categories of articles analyzed from the American Society of Anesthesiologists’
website were in the “difficult” to “very difficult” classification of readability.

Table 2: Readability assessment scores of patient education materials from the American Society of Anesthesiologists.

Category CLI NDC FKGL FCS Fry G-FOG NFC SMOG

Background 14.1 11-12 12.7 11.6 17 14.3 8.9 14.6

Critical care 14.8 13-15 14.9 12.2 17 16.3 13 15.2

Geriatrics 12.4 11-12 11.7 11.1 16 13.5 7.3 14.2

Obstetrics 11.1 9-10 10.9 11 12 11.9 8.3 12.8

Pain Mgmt 13.4 11-12 12.2 11.4 15 12.4 7.8 14

Pediatrics 12.7 9-10 11.5 10.9 14 13.4 9.4 13.5

Pain Mgmt: pain management; CLI: Coleman-Liau; NDC: New Dale-Chall; FKGL: Flesch Kincaid; FCS: FORCAST; G-FOG: Gunning FOG; NFC: New Fog
Count; SMOG: Simple Measure of Gobbledygook. All articles were accessed June 2021.
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Figure 4: Mean estimated grade level of patient educational materials from the American Society of Regional Anesthesia and Pain Medicine,
American Society of Anesthesiologists, Canadian Anesthesiologists’ Society, and Society of Cardiovascular Anesthesiologists.

Table 3: Readability assessment scores of patient education materials from the American Society of Regional Anesthesia and Pain Medicine,
American Society of Anesthesiologists, Canadian Anesthesiologists’ Society, and Society of Cardiovascular Anesthesiologists.

Category CLI NDC FKGL FCS Fry G-FOG NFC SMOG

ASRA 12.7 11-12 12.6 11 15 14.9 11.1 14.6

ASA 13 11-12 12.3 11.3 16 13.4 8.8 14.2

CAS 12.8 16+ 15.5 11 16 15.9 13.3 16.4

SCA 12.7 13-15 15.4 11.1 15 17.9 16.1 16.4

CLI: Coleman-Liau; NDC: New Dale-Chall; FKGL: Flesch Kincaid; FCS: FORCAST; G-FOG: Gunning FOG; NFC: New Fog Count; SMOG: Simple Measure
of Gobbledygook. All articles were accessed June 2021.
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Figure 3: Raygor Readability Estimate graph illustrating the grade-level difficulty of patient education materials from the American Society
of Anesthesiologists’ website.
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after the procedure. The sooner you quit smoking, the less
risk there is.”

This edited passage meets the guidelines from the NIH,
AMA, and USDHHS recommending all PEMs be written
at between the 4th and 6th grade reading levels. Articles

from the ASA website were, on average, far more difficult
than the reading grade level, along with data from the FRE
score. There was some variability upon examining data from
the individual readability assessments, with the vast majority
of them still indicating challenging grade reading levels.
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Figure 6: Raygor Readability Estimate graph illustrating the grade-level difficulty of patient education materials from the websites of the
American Society of Regional Anesthesia and Pain Medicine, American Society of Anesthesiologists, Canadian Anesthesiologists’ Society,
and Society of Cardiovascular Anesthesiologists.
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Figure 5: Flesch Readability chart illustrating that patient education materials analyzed from the websites of the American Society of
Regional Anesthesia and Pain Medicine, American Society of Anesthesiologists, Canadian Anesthesiologists’ Society, and Society of
Cardiovascular Anesthesiologists were in the “difficult” to “very difficult” classification of readability.
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Upon comparison of the average readability level of ASA
documents to PEMs from other organizations, the ASA
PEMs were written at equivalent or slightly easier levels,
with the CAS and SCA’s documents having the highest
grade-level readability figures. The findings from this study
allow for the comparison between the various anesthesia
organizations with readily available online PEMs, along with
an internal comparison of ASA patient resources. However,
the most important point to stress in this analysis is that all
of these anesthesia PEMs were written well above the read-
ing level of the average American, and even further above
the 4th to 6th grade level recommended by the NIH,
AMA, and USDHHS guidelines. Currently available anes-
thesia PEMs from these popular resources should be simpli-
fied not only to allow for greater understanding and
reassurance about conditions, but also because of the poten-
tial for subsequent improvements in patient outcomes.

Our analysis had a few limitations. Certain formats of
PEMs such as videos and pictures were excluded from our
study. Online PEMs from only 4 organizations were ana-
lyzed. Although these are robust online sources of informa-
tion and represent some of the most influential societies in
anesthesiology, there are many other sources of information
that patients can be directed to for this purpose. In addition,
readability formulas are limited in assessing for comprehensi-
bility of a written matter and do not take into consideration
individual reader factors such as cultural, socioeconomic,
and religious which may affect overall understanding. The
readability formulas used in our analysis also do not consider
if PEMs explain scientific terms for the reader nor the user-
friendliness of the PEMs by the reader. Future studies incorpo-
rating comprehensibility, user-friendliness, and linguistic ease
in addition to readability are indicated to further understand
the implications on overall healthcare.

5. Conclusion

The findings from these readability assessments suggest that
available online PEMs from these major anesthesiology soci-
eties, including the ASA, the CAS, the SCA, and the ASRA,
are written at a reading level too complicated for the average
American. These online resources should be revised and
written with improved readability and accessibility for all
patients which may lead to more informed decisions and
potentially better health outcomes. Future studies should
assess readability in combination with comprehensibility
and user-friendliness to better understand the implications
on how the patient experience of PEMs impacts their overall
healthcare.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] S. Fox, “80% of internet users look for health information
online,” Pew Internet & American Life Project, 2011, http://
www.pewinternet.org/~/media/files/reports/2011/PIP_
HealthTopics.pdf.

[2] S. Sanghvi, D. V. Cherla, P. A. Shukla, and J. A. Eloy, “Read-
ability assessment of internet-based patient education mate-
rials related to facial fractures,” The Laryngoscope, vol. 122,
no. 9, pp. 1943–1948, 2012.

[3] R. M. Parker, M. S. Wolf, and I. Kirsch, “Preparing for an epi-
demic of limited health literacy: weathering the perfect storm,”
Journal of General Internal Medicine, vol. 23, no. 8, pp. 1273–
1276, 2008.

[4] R. S. Safeer and J. Keenan, “Health literacy: the gap between
physicians and patients,” American Family Physician, vol. 72,
no. 3, pp. 463–468, 2005.

[5] I. S. Kirsch, L. Jenklins, and A. Kolstad, Adult Literacy in Amer-
ica: A First Look at the Findings of the National Adult Literacy
Survey, National Center for Education Statistics USDoE, 1993.

[6] W. Dubay, “The principles of readability,” 2004, June 2021,
h t tp : / /www. impact - in format ion .com/ impac t in fo/
readability02.pdf.

[7] National Institutes of Health, How to Write Easy to Read
Health Materials, National Library of Medicine Website,
2021, http://www.nlm.nih.gov/medlineplus/etr.html.

[8] B. D. Weiss, Health Literacy: A Manual for Clinicians, Ameri-
can Medical Association, American Medical Foundation, Chi-
cago, IL, 2003.

[9] T. M. Walsh and T. A. Volsko, “Readability assessment of
internet-based consumer health information,” Respiratory
Care, vol. 53, no. 10, pp. 1310–1315, 2008.

[10] N. D. Berkman, S. L. Sheridan, K. E. Donahue, D. J. Halpern,
and K. Crotty, “Low health literacy and health outcomes: an
updated systematic review,” Annals of Internal Medicine,
vol. 155, no. 2, pp. 97–107, 2011.

[11] S. L. Sheridan, D. J. Halpern, A. J. Viera, N. D. Berkman, K. E.
Donahue, and K. Crotty, “Interventions for individuals with
low health literacy: a systematic review,” Journal of Health
Communication, vol. 16, no. sup3, pp. 30–54, 2011.

[12] Y. I. Cho, S. Y. Lee, A. M. Arozullah, and K. S. Crittenden,
“Effects of health literacy on health status and health service
utilization amongst the elderly,” Social Science and Medicine,
vol. 66, no. 8, pp. 1809–1816, 2008.

[13] M. D. Murray, W. Tu, J. Wu, D. Morrow, F. Smith, and D. C.
Brater, “Factors associated with exacerbation of heart failure
include treatment adherence and health literacy skills,” Clini-
cal Pharmacology and Therapeutics, vol. 85, no. 6, pp. 651–
658, 2009.

[14] D. H. Howard, J. Gazmararian, and R. M. Parker, “The impact
of low health literacy on the medical costs of Medicare man-
aged care enrollees,” American Journal of Medicine, vol. 118,
no. 4, pp. 371–377, 2005.

[15] A. G. Brega, A. Ang, W. Vega et al., “Mechanisms underlying
the relationship between health literacy and glycemic control
in American Indians and Alaska Natives,” Patient Education
and Counseling, vol. 88, no. 1, pp. 61–68, 2012.

[16] L. M. Curtis, M. S. Wolf, K. B. Weiss, and L. C. Grammer, “The
impact of health literacy and socioeconomic status on asthma
disparities,” The Journal of Asthma, vol. 49, no. 2, pp. 178–183,
2012.

7BioMed Research International

http://www.pewinternet.org/</media/files/reports/2011/PIP_HealthTopics.pdf
http://www.pewinternet.org/</media/files/reports/2011/PIP_HealthTopics.pdf
http://www.pewinternet.org/</media/files/reports/2011/PIP_HealthTopics.pdf
http://www.impact-information.com/impactinfo/readability02.pdf
http://www.impact-information.com/impactinfo/readability02.pdf
http://www.nlm.nih.gov/medlineplus/etr.html


[17] J. Albright, C. de Guzman, P. Acebo, D. Paiva, M. Faulkner,
and J. Swanson, “Readability of patient education materials:
implications for clinical practice,” Applied Nursing Research,
vol. 9, no. 3, pp. 139–143, 1996.

[18] M. E. Cooley, H. Moriarty, M. S. Berger, D. Selm-Orr, B. Coyle,
and T. Short, “Patient literacy and the readability of written
cancer educational materials,” Oncology Nursing Forum,
vol. 22, no. 9, pp. 1345–1351, 1995.

[19] A. L. Raygor, “The Raygor readability estimate: a quick and
easy way to determine difficulty,” Reading: Theory, Research,
and Practice, vol. 259, p. 263, 1977.

[20] E. Fry, “A readability formula that saves time,” Journal of
Reading, vol. 11, no. 7, pp. 513–516, 1968.

[21] M. Coleman and T. L. Liau, “A computer readability formula
designed for machine scoring,” Journal of Applied Psychology,
vol. 60, no. 2, pp. 283-284, 1975.

[22] G. McLaughlin, “SMOG grading: a new readability formula,”
Journal of Reading, vol. 12, no. 8, pp. 639–646, 1969.

[23] M. Wilson, “Readability and patient education materials used
for low-income populations,” Clinical Nurse Specialist,
vol. 23, no. 1, pp. 33–40, 2009.

[24] R. Flesch, “A new readability yardstick,” The Journal of Applied
Psychology, vol. 32, no. 3, pp. 221–233, 1948.

[25] C. C. Cutilli and I. M. Bennett, “Understanding the health lit-
eracy of America: results of the National Assessment of Adult
Literacy,” Orthopedic Nursing, vol. 28, no. 1, pp. 27–32, 2009,
quiz 3-4.

[26] M. Kutner, E. Greenberg, Y. Jin, and C. Paulsen, The Health
Literacy of America’s Adults: Results from the 2003 National
Assessment of Adult Literacy, E. USDo, Ed., The National Cen-
ter for Education Statistics, Washington, DC, 2006.

[27] M. Kutner, E. Greenberg, Y. Jin, B. Boyle, Y. Hsu, and
E. Dunleavy, Literacy in Everyday Life: Results from the 2003
National Assessment of Adult Literacy. NCES 2007-490,
National Center for Education Statistics, Washington, DC,
2007.

[28] T. Thomsen, H. Tonnesen, and A. M. Moller, “Effect of preop-
erative smoking cessation interventions on postoperative com-
plications and smoking cessation,” The British Journal of
Surgery, vol. 96, no. 5, pp. 451–461, 2009.

8 BioMed Research International


	Assessing the Readability of Anesthesia-Related Patient Education Materials from Major Anesthesiology Organizations
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest

