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Abstract
Comprehensive patient education is necessary for shared decision-making. While patient–provider conversations primarily
drive patient education, patients also use published materials to enhance their understanding. In this investigation, we eval-
uated the readability of 2585 patient education materials published in high-impact medical journals from 1998 to 2018 and
compared our findings to readability recommendations from national groups. For all materials, mean readability grade levels
ranged from 11.2 to 13.8 by various metrics. Fifty-four (2.1%) materials met the American Medical Association recommen-
dation of sixth grade reading level, and 215 (8.2%) met the National Institutes of Health recommendation of eighth grade level.
When stratified by journal and material type, general medical education materials from Annals of Internal Medicine were the
most readable (P < .001), with 79.8% meeting the eighth grade level. Readability did not differ significantly over time. Efforts to
standardize publication practice with the incorporation of readability evaluation during the review process may improve
patients’ understanding of their disease processes and treatment options.
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Introduction

Health literacy has been shown to strongly correlate with

patient outcomes (1,2). Low health literacy is associated

with more hospitalizations, greater use of emergency care,

and lower receipt of preventative care measures such as

mammograms and influenza vaccines (3). Although the

mechanisms underpinning these complex relationships

remain incompletely understood, it has been suggested that

a combination of patient-specific and systemic factors con-

tribute to well-documented disparities among patients with

varying levels of health literacy (4). One proposed systemic

factor is the presence of communication barriers between

health care consumers and medical professionals, which can

disproportionately affect patients with low health literacy

(5,6). Patients who are unable to fully comprehend medical

information may be at a disadvantage as active participants

in their own health care decisions, potentially compromising

their access to the highest quality of care (7). Unfortunately,

overcoming obstacles of communication can be increasingly

difficult as the breadth and complexity of medical care con-

tinues to grow (8). It is therefore paramount that action be
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taken to improve patient–provider communication practices

on a large scale.

While direct interfacing with medical professionals is

often the most important source of health care education for

patients, high-quality written educational material can serve

as a valuable adjunct (9). As such, the creation of accurate

and understandable written patient education materials rep-

resents an opportunity to promote informed medical

decision-making. Although the design of effective written

educational materials relies upon myriad factors such as

content and organization, the readability, defined as the

“ease of understanding or comprehension due to the style

of writing” also contributes to patient comprehension (10).

The American Medical Association (AMA) and National

Institutes of Health (NIH) recommend that patient materials

be written at the sixth and eighth grade reading level, respec-

tively (11,12).

The aim of this investigation is to evaluate whether

patient education materials from widely circulated, high-

impact medical journals are written in a way that is under-

standable for the general public. We hypothesized that such

materials would be written at reading levels above national

recommendations and therefore may be suboptimal as tools

to educate diverse patient populations.

Materials and Methods

Journal Query and Material Identification

The publication history and article submission guidelines of

high-impact medical journals were searched in order to iden-

tify peer-reviewed patient education materials with potential

for broad readership. High-impact journals were defined as

those having an impact factor of 10.0 or higher according to

the 2017 Journal Citation Report (JCR; Clarivate Analytics).

Results were filtered to include only journals falling under

60 predetermined categories in the JCR database (Supple-

mental Table 1) with potential medical relevance determined

upon manual review of all listed categories. For each journal,

the entire publication history was searched to identify any

patient education materials. Only documents published on or

before December 31, 2018 which clearly designate patients

or laypersons as the target audience were included. Because

data collection was initiated in May 2019, this end date was

selected in order to ensure that all time series data reflected

full calendar year patterns. For each material, if an electronic

version was available, the main text was copied directly into

Word (Microsoft) for subsequent analysis. In cases where an

electronic version was not readily available, materials were

downloaded in PDF format and text was extracted to Word

using Acrobat Reader (Adobe) and formatted for analysis.

Identified materials were further categorized as “general

education” materials or “research lay summaries” according

to their intended scope. For example, some journals publish

materials designed to explain general medical conditions,

therapies, or concepts to patients (eg, hypertension) and

others publish materials designed to explain important

research findings to a layperson audience (eg, describing

results from a clinical trial). All materials were labeled

accordingly and analyzed separately.

Readability Analysis

Readability analysis was conducted using Readability Stu-

dio 2012 (Oleandar Software). Indices included in this

study were Degrees of Reading Power—Grade Equivalent

(DRP-GE) (13); Flesch-Kincaid (FK) readability test (14);

Ford, Caylor, Sticht (FORCAST) index (15); Fry score

(16); Gunning Fog index (17); Raygor estimate (18); and

Simple Measure of Gobbledygook grade (19). These

metrics were chosen because they are well-validated and

report in grade-level equivalents, therefore allowing for

meaningful comparisons across scores. Readability indices

are calculated based on textual parameters such as average

sentence length, use of polysyllabic words, and frequency

of difficult or uncommon words. Individual calculation for-

mulae for each of the included metrics are provided in

Supplemental Table 2.

Because every metric is calculated differently, each may

be prone to specific biases. For example, the FK score, which

is among the most commonly used due to ease of calculation,

may underestimate difficulty of materials that contain unfa-

miliar but short words, as the FK score is dependent only on

average sentence and word length. It is therefore often rec-

ommended, as was performed in the present study, to use

multiple readability metrics in order to minimize the bias of

any individual metric on overall results and data interpreta-

tion (20).

Statistical Analysis

One-sample t tests were used to compare readability scores

of the sample population to national recommendations and

1-way analysis of variance was used to compare readability

scores across categorical variables. Chi-square testing was

used to compare proportions of materials meeting recom-

mended readability grade levels from various national

groups. For this analysis, the most permissive (eg, lowest)

score for each material was used and scores were rounded to

the nearest whole number grade level. For example, a

reported grade level of 8.4 was considered to meet the eighth

grade recommendation, while a reported grade level of 8.5

was not. Statistical analyses were performed with R 3.5.1

(R Foundation).

Results

Two thousand five hundred and eighty-five education

materials for patients from 10 high-impact medical journals

were identified. Six of the included journals were subspeci-

alty journals of the Journal of the American Medical Asso-

ciation (JAMA) Network (JAMA, JAMA Cardiology, JAMA
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Dermatology, JAMA Internal Medicine, JAMA Oncology

and JAMA Pediatrics). The others were the American Jour-

nal of Respiratory and Critical Care Medicine (AJRCC),

Circulation, Annals of the Rheumatic Diseases (ARD), and

Annals of Internal Medicine (AIM). The majority of jour-

nals published general education materials for patients;

only ARD and AIM published research lay summaries. AIM

was the only journal to publish both types of materials.

Mean readability grade levels for materials are summar-

ized in Table 1, with results described individually by the

included indices. Readability grade levels were above

national recommendations for the majority of journals,

regardless of metric. In aggregate, materials were written

at a mean readability grade level of 11.2 to 13.8 according

to the 7 included metrics. AIM general education materials

had the lowest mean readability level by all indices, with

means ranging from the 6.8 to 10.5 grade level by various

scores. However, AIM research lay summaries were written

at mean reading grade levels ranging from 11.2 to 13.7 by

the included metrics.

The proportions of materials meeting national recommen-

dations are summarized in Figure 1. Further journal-specific

information is provided in Supplemental Table 3. The major-

ity of materials failed to meet either the recommended sixth or

Table 1. Mean Readability Grade Level of Patient Education Educational Materials From High-Impact Medical Journals According
to 7 Readability Indices.

Readability grade level (mean[SD])

Material type Journal name
Sample size
(n ¼ 2585) DRP-GE

Flesch-
Kincaid FORCAST Fry

Gunning
Fog

Raygor
estimate SMOG

General education AIM (Gen Ed) 94 7.6 [2.6] 7.2 [1.8] 10.5 [1.1] 6.9 [1.5] 9.1 [2.0] 6.8 [2.1] 9.8 [1.3]
AJRCC 85 10.7 [2.4] 9.7 [1.5] 10.6 [0.7] 11.2 [2.8] 11.4 [1.7] 10.4 [2.4] 11.9 [1.3]
Circulation 131 14.6 [2.1] 13.3 [3.4] 11.2 [3.4] 15.2 [2.0] 15.0 [1.8] 14.4 [2.5] 14.9 [1.5]
JAMA 750 13.6 [2.4] 12.2 [1.9] 11.5 [0.7] 14.8 [2.5] 13.8 [2.1] 14.0 [2.8] 13.9 [1.6]
JAMA Cardiology 8 15.7 [2.3] 13.4 [2.5] 11.7 [0.7] 15.5 [2.4] 15.2 [2.7] 15.8 [2.4] 15.0 [2.3]
JAMA Dermatology 24 11.2 [2.0] 10.5 [1.4] 11.0 [0.7] 11.5 [2.3] 12.4 [2.0] 10.9 [1.6] 12.5 [1.4]
JAMA IM 2 9.4 9.2 10.7 10 11.3 8 11.7
JAMA Oncology 30 14.0 [2.0] 12.2 [1.9] 11.5 [0.7] 13.9 [2.5] 13.9 [2.3] 13.7 [2.5] 13.8 [1.6]
JAMA Pediatrics 89 11.7 [2.4] 10.9 [1.5] 10.9 [0.7] 12.2 [2.6] 12.4 [1.9] 11.9 [2.6] 12.8 [1.5]

Research lay summaries AIM (Research) 1229 12.9 [2.0] 11.2 [1.3] 11.2 [0.6] 13.7 [2.5] 12.7 [1.5] 12.3 [2.3] 13.0 [1.1]
ARD 143 12.8 [1.8] 11.3 [1.2] 11.0 [0.5] 13.0 [2.1] 12.9 [1.4] 12.2 [2.1] 13.1 [1.1]

Abbreviations: AIM (Gen Ed) ¼ Annals of Internal Medicine, General Patient Education; AIM (Research), Annals of Internal Medicine, Research Article Lay
Summaries; AJRCC, American Journal of Respiratory and Critical Care Medicine; ARD ¼ Annals of the Rheumatic Diseases; DRP-GE, Degrees of Reading
Power—Grade Equivalent; FORCAST, Ford, Caylor, Sticht Index; JAMA, Journal of the American Medical Association; JAMA IM, Journal of the American
Medical Association, Internal Medicine; SMOG, Simple Measure of Gobbledygook.

AIM (Gen Ed)

JAMA IM*

AJRCC

JAMA Dermatology

JAMA Pediatrics

JAMA

AIM (Research)

ARD

Circulation

JAMA Cardiology

JAMA Oncology

0 25 50 75 100
Percent

Jo
ur

na
l

Category
Greater than 8th grade

6th-8th grade

6th grade or below

Figure 1. Proportion of materials meeting national readability recommendations. AIM (Gen Ed) indicates Annals of Internal Medicine,
General Patient Education; AIM (Research), Annals of Internal Medicine, Research Article Lay Summaries; AJRCC, American Journal of
Respiratory and Critical Care Medicine; ARD, Annals of the Rheumatic Diseases; JAMA, Journal of the American Medical Association; JAMA
IM, Journal of the American Medical Association, Internal Medicine. *Small sample size (n ¼ 2).
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eighth grade level. In total, 54 (2.1%) of 2585 met the sixth

grade level and 215 (8.2%) met the eighth grade level. When

analyzed separately by journal and material type, AIM general

education materials had the greatest proportion of materials

meeting either recommendation (P < .001), with 42.6% meet-

ing the AMA-recommended sixth grade level and 79.8%
meeting the NIH-recommended eighth grade level.

Figure 2 describes the readability grade levels of pub-

lished materials over time from 1998 through 2018, again

stratified by journal. Individual points represent the read-

ability grade level for materials published in each year, cal-

culated as the mean score of all included readability metrics.

Publication dates of the AIM general education materials

were not readily available so these materials were excluded

from Figure 2. Regardless of journal or material type, read-

ability scores were consistently well above recommenda-

tions throughout the analyzed time period, without

significant changes over time.

Raygor distributions describing the readability of materi-

als are presented in Figure 3, with all materials from the

JAMA network combined in panel F. The Raygor estimate

is calculated by plotting the number of long words (defined

as 6 or more characters) per 100 words on the x-axis and the

number of sentences per 100 words on the y-axis. The loca-

tion of the resulting point on the Raygor grid provides an

estimate of the readability of that particular text. Use of

short, simple sentences and avoidance of long words there-

fore translates into a lower grade level score. The Raygor

estimate distributions in Figure 3 redemonstrate that the

majority of materials are written at inappropriately high

reading levels and fail to meet readability recommendations.

Furthermore, the majority of points fall below the central

demarcation in each Raygor grid, suggesting that use of long

words is more likely to be driving increased scores by this

metric. Raygor estimates of readability, along with all other

metrics used the current study, have been widely applied in

the setting of patient education and other clinical scenarios

such as evaluation of consent forms or templates for record-

ing patient-reported outcomes (21–24).

Discussion

In this investigation evaluating the readability of peer-

reviewed patient education materials published in high-

impact medical journals, we found that the vast majority are

written at reading levels far above national recommenda-

tions of sixth and eighth grade. Other than AIM general

education materials, which encouragingly had a large pro-

portion (79.8%) meeting the NIH target of an eighth grade

level, this trend was apparent in all journals and spanned the

entire study period from 1998 through 2018. These results

reveal an important opportunity to enhance patient education

and communication practices on a large scale. Modification

of publication procedures by medical journals, for example,

through the introduction of readability requirements for

patient materials, might lead to meaningful improvements

in how patients, particularly those with low health literacy,
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Figure 2. Mean readability grade levels of materials over time, stratified by journal. The AMA recommends that patient materials be written
at the sixth grade level (red dotted line); the NIH recommends the eighth grade level (blue dotted line). AIM (Gen Ed) indicates Annals of
Internal Medicine, general patient education; AIM (Research), Annals of Internal Medicine, Research Article Lay Summaries; AJRCC,
American Journal of Respiratory and Critical Care Medicine; ARD, Annals of the Rheumatic Diseases; JAMA, Journal of the American
Medical Association; JAMA IM, Journal of the American Medical Association, Internal Medicine; NIH, National Institutes of Health.
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understand and make medical decisions within an increas-

ingly complex health care system.

Comprehensive and accurate education of patients is a

fundamental prerequisite for medical decision-making. Tra-

ditional paternalistic models of decision-making held physi-

cians as the sole authoritative party responsible for all

aspects of every medical interaction, from diagnosis to treat-

ment choice (25). Under this model, there is minimal need

for patient education, as physicians made most decisions

(26). However, the shared decision-making model has more

recently emerged as the preferred approach for achieving

high-quality patient-centered care (27,28). The principles

of shared decision-making propose that patients and physi-

cians participate equally in medical decisions, weighing

available evidence to choose optimal treatment paths that

incorporate patients’ personal values and beliefs (29). There-

fore, it is necessary that medical knowledge be communi-

cated in an easily understandable manner so that patients can

become active participants who are empowered as fully

informed directors of their own care.

Patient education can be delivered through a variety of

mechanisms, perhaps most commonly in the form of direct

interface with providers. However, written educational

material has been shown to enhance patient understanding

of medical conditions and possible treatments (30). Written

materials can be used as a framework to guide shared

decision-making conversations to ensure that all aspects of

a particular treatment decision are discussed (31). Further-

more, written materials provide patients and their families a

reliable reference after leaving a health care visit. Prior

research suggests that use of written materials in conjunction

with other forms of patient education can lead to significant

improvements in long-term retention of knowledge (32).

This investigation provides evidence that a minority of

currently available patient education materials from widely

circulated medical journals are written in a way that may be

Figure 3. Readability of materials as measured by the Raygor estimate. A, American Journal of Respiratory and Critical Care Medicine; (B)
Annals of Internal Medicine (General Education); (C) Annals of Internal Medicine (Research Lay Summaries); (D) Annals of the Rheumatic
Diseases; (E) Circulation; (F) Journal of the American Medical Association Network, including all subspecialty journals. Raygor estimates with
high percentages of long words or short sentences are considered invalid.
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accessible to many health care consumers. The average

United States adult reads at the eighth grade level and the

average Medicaid enrollee reads at the fifth grade level

(33,34). However, the mean reading level of the 2585 iden-

tified materials was 11.2 to 13.8 grade by the various indices.

Even according to the most forgiving readability metric,

only 8.2% of the identified materials met the NIH-

recommended eighth grade level and 2.1% met the more

aggressive recommendation of the sixth grade level.

When analyzed separately by journal and material type,

a high reading level was noted for all materials other than

the general education materials from AIM, of which nearly

80% were at or below an eighth grade level. In contrast,

research lay summaries published in AIM were written at a

mean grade level of 11.2 to 13.7, with only 4.7% of mate-

rials meeting the eighth grade recommendation. These dif-

ferences might exist for several reasons. First, it may be

possible that even within a single journal or journal net-

work, different publication requirements may exist for dif-

ferent types of patient education materials. For instance, if

readability evaluation is required for all general education

materials prior to publication but is not a routine require-

ment for research lay summaries, then significant differ-

ences are likely to arise. Second, it may be possible that

the nature of medical concepts themselves may bias the

readability of education materials. As compared to research

topics, general education materials might more often

explain concepts, for example, obesity or stroke, that are

easily described with lay terms. Lastly, differences may

exist in the scope of research and general education mate-

rials, which might affect the flexibility of language that can

be used for each type of text. As an example, a document

describing a scientific study might require the use of com-

plex terms in order to communicate the message of that

study without compromising accuracy. By contrast, a mate-

rial describing a general medical topic might be more flex-

ible in the use of language, which would allow authors

more opportunity to write materials at reading levels con-

sistent with national recommendations. Because readability

is universally important for effective written communica-

tion, these observed differences, regardless of the precise

causal mechanism, should encourage targeted efforts to

evaluate and improve patient materials which may be at

higher risk of worse readability. For example, as illustrated

by our analysis, careful consideration of readability should

be given for those materials describing complex topics such

as research studies or other scientific subjects.

Increasing the accessibility of widely circulated patient

education materials represents a promising opportunity to

improve patient outcomes (2). As described previously, low

health literacy is disproportionately prevalent in patients

with lower levels of educational attainment and is associated

with lower rates of adoption of basic health-promotion beha-

viors such as taking medications as directed, which translate

into worse outcomes overall (35,36). One central mechanism

to explain these associations is the inability of patients with

limited health literacy to fully comprehend medical informa-

tion that is communicated either verbally or through written

text. Efforts to strengthen communication through the devel-

opment of easily readable health education resources would

therefore increase the ability of patients to gain and retain

medical knowledge. Improvements in comprehension would

promote patient autonomy and encourage active patient par-

ticipation in medical decisions according to the shared

decision-making model.

Although designing easily readable materials without

compromising accuracy or breadth of content is challenging,

this study provides strategies to guide the development of

effective educational texts. Simply promoting awareness of

readability as an important contributor to patient understand-

ing of materials is essential. Our results suggest that many

journals are not routinely evaluating the readability of

patient materials prior to publication. Modification of peer-

review or editorial practices to require readability assess-

ment may lead to improvements in the proportions of

materials meeting AMA and NIH readability recommenda-

tions. However, awareness alone is not sufficient; for authors

unfamiliar with principles of readability, it can be difficult to

describe complex medical concepts in an easily understand-

able manner.

The majority of readability metrics are dependent on

parameters such as average sentence length, word length,

and use of difficult or uncommon terms (Supplemental

Table 2). The use of short words and sentences will gener-

ally translate into improved readability (20). Our Raygor

score analysis (Figure 3) shows that the majority of mate-

rials fall below the central demarcation line along the Ray-

gor grid, suggesting that frequent use of complex or long

words is driving worse readability scores more often than

long sentences. This likely reflects the inherent bias of

medical education materials, which often require the use

of terminology that may be uncommon or foreign to the lay

audience. If possible, intentional efforts to minimize unne-

cessary use of complex terms, possibly through incorpora-

tion of medical abbreviations, could help mitigate this bias.

However, abbreviations themselves should be employed

with caution, as they may actually increase difficulty of

comprehension for readers unfamiliar with medical termi-

nology despite an apparent improvement in readability

scores. In some instances, it may simply not be possible

to write a comprehensive and accurate description of a

medical concept without using certain requisite terms. In

such cases, it may be best practice to target the less aggres-

sive eighth grade reading level suggested by the NIH. For

authors interested in evaluating readability of text, free

online calculators are available (https://readable.com,

https://readabilityformulas.com), and some word-

processing programs have built-in readability testing capa-

bility. However, for the most comprehensive readability

evaluations or for analysis of large cohorts of materials,

we suggest more rigorous software packages.
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Limitations

Although this study evaluates readability of patient educa-

tion materials from a variety of high-impact medical journals

and includes a broad study period, it nonetheless is limited

by factors related to the experimental design. First, the goal

of the investigation was to identify and analyze peer-

reviewed materials with potentially wide readership. In order

to objectively identify such materials, we only searched

medical journals with an impact factor greater than 10.

While impact factor may be a useful and reproducible

metric, it is possible that many patient education materials

with potentially large readership were not included. Second,

determination of the target audience (eg, whether a pub-

lished material is intended to educate laypersons or medical

professionals) may not be explicitly stated, and therefore,

decisions regarding material inclusion may vary across

reviewers. Third, although each journal’s publication history

was reviewed in its entirety, it is possible that some materials

in a given journal which would have met inclusion criteria

were not included. However, because this study draws from

a large sample (n¼ 2585) of materials, it is unlikely that any

missed documents would have led to meaningful differences

in the study conclusions.

Additionally, appropriate readability levels alone do not

guarantee comprehension of materials. Many other facets of

material design, such as layout, font size, and use of gra-

phics, also contribute to the effectiveness of written educa-

tional text (24). Evaluation of these components was not

attempted in this study. Further, although improvement in

readability of materials would theoretically improve educa-

tion for diverse populations, it is possible that certain indi-

viduals may have limited access to these published materials

in the first place. Inequal access to education resources could

therefore introduce or exacerbate disparities across popula-

tions, and efforts to improve readability might not affect

comprehension for all patients equally. Lastly, though the

included readability metrics have been externally validated,

they are not necessarily dependent on direct input from end

users (eg, patients). Ideally, the effectiveness of materials

would be evaluated by individuals from the target popula-

tion; however, such evaluation may often not be feasible and

therefore surrogate markers such as readability metrics may

be required. Nonetheless, this is an important consideration

for interpretation and contextualization of this study.

Conclusion

This investigation analyzes the readability of peer-reviewed

patient education materials from high-impact medical jour-

nals and demonstrates that only a small minority of these

materials are written at a grade level appropriate for the

general population. Promisingly, general education materi-

als published in AIM had a large proportion of materials

(79.8%) meeting this goal. These results suggest that signif-

icant differences in review and publication processes exist

across medical journals, with some appearing to emphasize

readability of patient education materials more than others.

This investigation highlights an important opportunity to

enhance the large-scale education of patients through

improvements in the readability and patient-centered design

of written educational material. Efforts to address this need

may allow patients from diverse backgrounds and varying

levels of educational attainment to better participate as

autonomous decision makers in an increasingly complex

medical system.
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