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Objective: To assess the accuracy, quality, and readability of patient-focused breast cancer websites using expert evaluation and 
validated tools.
Background: Ensuring access to accurate, high-quality, and readable online health information supports informed decision-making 
and health equity but has not been recently evaluated.
Methods: A qualitative analysis on 50 websites was conducted; the first 10 eligible websites for the following search terms were 
included: “breast cancer,” “breast surgery,” “breast reconstructive surgery,” “breast chemotherapy,” and “breast radiation therapy.” 
Websites were required to be in English and not intended for healthcare professionals. Accuracy was evaluated by 5 breast cancer 
specialists. Quality was evaluated through the DISCERN questionnaire. Readability was measured using 9 standardized tests. Mean 
readability was compared with the American Medical Association and National Institutes of Health 6th grade recommendation.
Results: Nonprofit hospital websites had the highest accuracy (mean = 4.06, SD = 0.42); however, no statistical differences were 
observed in accuracy by website affiliation (P = 0.08). The overall mean quality score was 50.8 (“fair”/“good” quality) with no sig-
nificant differences among website affiliations (P = 0.10). Mean readability was at the 10th grade reading level, the lowest being for 
commercial websites with a mean 9th grade reading level (SD = 2.38). All websites exceeded the American Medical Association- and 
National Institutes of Health-recommended reading level by 4.4 levels (P < 0.001). Websites with higher accuracy tended to have 
lower readability levels, whereas those with lower accuracy had higher readability levels.
Conclusion: As breast cancer treatment has become increasingly complex, improving online quality and readability while maintain-
ing high accuracy is essential to promote health equity and empower patients to make informed decisions about their care.
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INTRODUCTION
Online medical information is easily accessible, and an increas-
ing number of patients are turning to the internet for health 
information, usually before seeking evaluation by a healthcare 
provider.1 In the United States alone, approximately 72% of 
adults reported searching online for medical information.2 This 
shift toward accessing online health information can empower 

patients and potentially enhance patient-physician relationships, 
as patients who seek information online tend to take a more 
proactive role in managing their health and are more likely to 
engage in shared decision-making with physicians.3,4 Thus, it is 
critical for online medical information to be accurate, accessi-
ble, high quality, and easily readable, especially when discussing 
complex malignant conditions, such as breast cancer, for which 
treatment is individualized.

A new breast cancer diagnosis can be overwhelming, and 
women with a cancer diagnosis commonly search online for 
information on their diagnosis, treatment options, potential side 
effects, and coping strategies.5 Since breast cancer is the most 
commonly diagnosed cancer in women in the United States,6 
online breast cancer information has the potential to signifi-
cantly influence patient’s understanding of their diagnosis and 
care plan. However, the quality and readability of online medi-
cal information may be suboptimal as 9 out of 10 adults strug-
gle with health literacy.7 As a result, both the American Medical 
Association (AMA) and the National Institutes of Health (NIH) 
recommend that patient health information be written at no 
greater than a 6th grade reading level.4,8

Ensuring that breast cancer patients have access to accurate, 
high-quality, and readable health information can support their 
journey toward informed decision-making with their multidisci-
plinary care team. This study aimed to assess the accuracy, qual-
ity, and readability of online breast cancer information using 
expert evaluation and validated tools.

METHODS
A qualitative analysis was conducted using validated tools and an 
expert review of 50 patient-focused breast cancer websites (see 
Supplementary Appendix, http://links.lww.com/AOSO/A380). 
Searches were conducted in the Midwestern United States in 
June 2022 using the following 5 search terms: 1) breast cancer, 
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2) breast cancer surgery, 3) breast cancer reconstruction surgery, 
4) breast cancer chemotherapy, and 5) breast cancer radiation. 
The first 10 eligible websites appearing for each search term 
were included in the final count of 50 websites. Websites were 
categorized into five affiliation categories for comparative anal-
yses: nonprofit hospitals, nonprofit organizations, government, 
commercial, and media.

Website Selection

Online searches were conducted using Google, the most widely 
used search engine in the United States.9 To be included in this 
analysis, websites were required to be written in English, pro-
vide text on breast cancer and/or breast cancer treatments, and 
be written for public use/not intended for healthcare profes-
sionals. The exclusion criteria were sponsored websites, news 
reports, duplicate websites, and video- and/or picture-only web-
sites. Browser and cookie information was erased before con-
ducting the search to ensure objectivity.

Accuracy Evaluation

Accuracy was defined as whether the information was based 
on current medical knowledge and accepted clinical practices. 
Accuracy was evaluated by a panel of 5 board-certified clin-
ical breast cancer specialists, including 3 fellowship-trained 
breast surgical oncologists, 1 fellowship-trained medical oncol-
ogist, and 1 radiation oncologist. Blind website assessment 
was achieved by extracting plain text from individual websites 
with any website identifiers removed. The panel was directed 
to evaluate the accuracy of therapy descriptions, goals, and 
adverse therapy effects. Each member independently evaluated 
all 50 websites using a 5-point scale: 1 for ≤25% accuracy, 2 
for 26–50% accuracy, 3 for 51–75% accuracy, 4 for 76–99% 
accuracy, and 5 for 100% accuracy. The mean accuracy scores 
for each website were calculated and compared among the affil-
iation categories and search term results.

Quality Evaluation

Websites that were included in the study were evaluated for 
quality by 1 person using the DISCERN Instrument, a tool 
developed for critically appraising written health information 
for consumers.10 The DISCERN instrument has been validated 
to reliably distinguish between low- and high-quality publica-
tions.11 DISCERN is comprised of 16 questions graded on a 
5-point scale, ranging from 1 = none to 5 = entirely, of which 
the sum results in a final score. The total score ranges from 16 
to 80 and was adapted from Nghiem et al,12 with a higher score 
indicating greater quality: 63–80 “excellent”, 51–62 “good”, 
39–50 “fair”, 27–38 “poor”, and 16–26 “very poor.”

Readability Evaluation

Readability was evaluated using Readability Studio Software, 
Professional Edition version 2021 (Oleander Software, Ltd.). 
Nine readability formulas commonly used in the healthcare set-
ting were used to analyze the websites: Coleman-Liau Index, 
Flesch-Kincaid Grade Level, FORCAST Readability Formula, 
Fry Readability Graph, Gunning Fog Index, New Dale-Chall 
Readability, New Fog Count (Kincaid), Raygor Readability 
Estimate, and Simple Measure of Gobbledygook Readability 
Formula. The use of multiple standardized readability formu-
las has been shown to improve accuracy.13 The results from the 
individual tests were used to calculate the average readability 
of each website. These averages were compared among affilia-
tion categories, specific search terms, and the 6th grade recom-
mended reading level for healthcare information set forth by 
both the AMA and NIH.8

Statistical Analysis

Accuracy, DISCERN scores, and readability levels were tested 
for normality using the Shapiro-Wilk normality test. After 
determining that the data were normally distributed, one-way 
analysis of variance (ANOVA) tests were performed to deter-
mine whether accuracy, quality, or readability had any signifi-
cant differences among the search terms and affiliation groups. 
A post hoc pairwise comparison was performed using Tukey’s 
Honestly Significant Differences (HSD) test to further evalu-
ate any significant differences found in the initial ANOVA. An 
unpaired t test was used to compare the mean readability scores 
with the recommended NIH- and AMA-readability level. Inter-
rater reliability was calculated using Kendall’s Correlation of 
Concordance (W). Statistical analyses were performed using the 
R and RStudio software.

RESULTS

Websites Included

A total of 55 websites were screened for study inclusion and 
5 were excluded: 2 were duplicates, 1 contained solely video 
information, 1 was a scientific manuscript, and 1 lacked patient 
educational information. Fifty websites (N = 50) were eligible 
for evaluation: 21 (42%) were from nonprofit organizations, 17 
(34%) were from nonprofit hospitals, 5 (10%) were from gov-
ernment organizations, 5 (10%) were from commercial organi-
zations, and 2 (4%) were from media outlets. The content on 
the included websites typically provided a broad overview of 
the search term as well as descriptions of what the patient can 
expect from the treatment modality searched. This included typ-
ical risks, side effects, and recovery.

Accuracy

The mean (M) accuracy score for all 50 websites was 3.97 with 
a standard deviation (SD) of 0.42, corresponding to 76%–99% 
accuracy. Inter-rater reliability was calculated to be 0.4512 (P < 
0.0001) which corresponds to moderate agreement. Among the 
different website affiliations, the highest accuracy was observed 
for nonprofit hospital websites (M = 4.06, SD = 0.38) and non-
profit organization websites (M = 4.03, SD = 0.40), whereas the 
lowest accuracy was found for commercial websites (M = 3.8, 
SD = 1.13). No significant differences were found when compar-
ing accuracy according to website affiliation (P = 0.08) or search 
terms (P = 0.98) (Fig. 1) (Table 1).

Quality

The mean DISCERN quality score rating among all 50 websites 
was 50.8 (SD = 5.86), which corresponds to “fair”/borderline 
“good” quality, with a range of 38 to 62. The highest-quality 
information was found on nonprofit hospital websites (M = 
52.6, SD = 5.25), while the lowest-quality information was 
found on government websites (M = 45.2, SD = 6.8). No signifi-
cant differences were found when comparing the quality among 
website affiliations (P = 0.1) or search terms (P = 0.58) (Table 2).

Readability

There was a significant difference when comparing readability 
among website affiliations; nonprofit hospital websites were 
found to be significantly harder to read than commercial web-
sites (P = 0.036). Nonprofit hospital websites had a mean 11th 
grade reading level (SD = 0.98), whereas commercial websites 
had a mean 9th grade reading level (SD = 2.38) (Table 3). The 
mean reading-grade level among all 50 websites was at the 10th 
grade level (SD = 1.19), which exceeds the AMA- and NIH-
recommended 6th grade level by 4.4 levels (P < 0.001).
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When analyzing accuracy, quality, and readability simulta-
neously, nonprofit hospital websites had the lowest readability  
(M = 11th grade, SD = 0.98), but the highest quality (M = 52.6, 
“good”; SD = 5.25) and accuracy (M = 4.06, SD = 5.25). In con-
trast, commercial websites had the lowest accuracy (M = 3.8, 
SD = 1.13), but were the most readable (M = 9th grade, SD = 
2.38) (Fig. 2). No significant differences were found when com-
paring reading-grade levels among the search terms (P = 0.98).

DISCUSSION

In our evaluation of online breast cancer information, most 
websites were found to be reasonably accurate; however, infor-
mation quality was fair/good, and the mean reading grade level 
was found to be at the 10th grade level, which was signifi-
cantly higher than the AMA- and NIH-recommended 6th grade 
level. These findings demonstrate a significant opportunity for 
improving patient-focused breast cancer websites.

As many patients turn to the internet as their first source of 
health information, and breast cancer accounting for approx-
imately one-third of diagnosed malignancies in women, it is 
critical that online patient-focused breast cancer information is 
accurate, high-quality, and digestible for the average reader.1,5,6 
Patients often seek information online to prepare themselves for 
healthcare appointments; online resources can inform patients 
what may be discussed during their upcoming visit and pre-
pare them to ask appropriate and relevant questions.1 Objective 
data have found that when patients have access to accurate and 
high-quality information, they are better equipped to under-
stand their conditions, follow treatment plans, and recognize 
warning signs of complications.14 Breast cancer website quality 
has been evaluated previously, and our findings are consistent 
with those of other authors. One study conducted in 2016 by 
Nghiem utilized the DISCERN instrument to evaluate 20 breast 
cancer patient websites. They similarly found that although 
website quality is generally good, there is significant variabil-
ity across websites. Another study conducted by Arif et al in 
2018 found similar results when analyzing 200 websites dis-
cussing breast cancer treatment options using the Journal of the 
American Medical Association criteria scores.12,15–17

Few studies have assessed the accuracy of online information 
on breast cancer. However, a 2010 study analyzed the accuracy 
of 289 breast cancer websites. This study compared website data 
to the NIH and Clinical Excellence guidelines on breast cancer18 
and websites were considered inaccurate if they contained infor-
mation not mentioned in the guidelines. The authors found that 
educational facility websites were more accurate, whereas inter-
est group websites were less accurate, which contrasts with our 
findings as we identified no statistical difference among website 
affiliations. However, this study was conducted over a decade 
ago and may not be indicative of the expansion of online health 
information and changes in breast cancer treatment over time.

In our accuracy evaluation, we adapted a similar method-
ology to a study on pancreatic cancer performed previously 
by Storino et al13 in which board-certified experts personally 
reviewed the website information. Using readability software 
and expert panel evaluation, the authors concluded that online 
information on pancreatic cancer overestimated reading ability 
and was reasonably accurate. Similar to Storino et al13 we also 
found that online information on breast cancer was reasonably 
accurate and had higher than recommended reading levels, sug-
gesting that high readability levels are not isolated to a specific 
cancer type, but maybe a widespread issue when it comes to 
online oncologic information.

A significant challenge exists for online health materials in 
providing complex medical information while maintaining ade-
quate readability. Nearly 9 out of 10 adults struggle with under-
standing health information, which leads the AMA and NIH 
to recommend that patient health information be written at no 
greater than the 6th grade reading level.4,8 Similarly, we found 
that the readability of online breast cancer health information 
greatly surpasses the recommended NIH/AMA level. A previ-
ous study assessing the quality of online breast cancer resources 
used multiple readability tests to analyze 100 websites over time 
and identified that readability worsened over time.17 This lack 
of readable health information can influence health inequities 
as patients with lower health literacy are more likely to have 
inferior healthcare outcomes.19,20 Low health literacy dispropor-
tionately affects certain demographic groups, particularly those 

FIGURE 1. Accuracy scores and website affiliations.

TABLE 1.

Accuracy of Online Resources by Website Affiliation

Search Term Count
Accuracy

Mean (SD) [Range]
Statistically Significant 

Comparisons*

Commercial 5 3.48 (0.27)
[3.2, 3.8]

None

Government 5 3.96 (0.26)
[3.6, 4.2]

None

Media 2 3.80 (1.13)
[3.0, 4.6]

None

Nonprofit (hospital) 16 4.06 (0.38)
[3.2, 4.6]

None

Nonprofit (organization) 22 4.03 (0.40)
[3.0, 4.8]

None

*One-way ANOVA test with overall model P value of 0.08.

TABLE 2.

Quality (DISCERN) of Online Resources by Website Affiliation

Search Term Count
Quality (DISCERN)
Mean (SD) [Range]

Statistically Significant 
Comparisons*

Commercial 5 47.80 (6.30)
[41, 54]

N/A

Government 5 45.20 (6.80)
[38, 53]

N/A

Media 2 50.00 (2.83)
[48, 52]

N/A

Nonprofit (hospital) 16 52.56 (5.25)
[44, 62]

N/A

Nonprofit (organization) 22 51.55 (5.56)
[43, 61]

N/A

*One-way ANOVA test with overall model P value of 0.10.
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with lower educational attainment, limited English proficiency, 
or lower socioeconomic status.8,19,20 As breast cancer treat-
ment has become increasingly complex and individualized,21 it 
appears that the readability of such information for the general 
public, and especially for marginalized populations, requires sig-
nificant improvement.

Patient-focused breast cancer websites require a balance to 
ensure that information is of high quality and accuracy, while 
simultaneously maintaining adequate readability. This poses a sig-
nificant challenge; methods for achieving this task can be gleaned 
from prior ventures to make health information more readable. 
Shepperd et al22 and Williams et al23 improved the readability of 
institutional patient handouts by following evidence-based guide-
lines from the NIH, such as lowering all sentences to less than 
15 words, using bullet points, and writing shorter paragraphs. 
Another strategy includes incorporating visual aids such as dia-
grams, charts, and infographics to illustrate key points and con-
cepts. Visuals can convey information more effectively than text 

alone and can help clarify complex ideas. Utilizing interactive 
learning tools such as videos, animations, or interactive modules 
to visually demonstrate concepts can enhance comprehension 
and retention. Additionally, input can be obtained from patient 
focus groups, patient advocacy groups, and experts in healthcare 
education/communication to assess comprehension and identify 
areas of improvement. The quality of content on these websites 
can be improved by including reliable sources of information and 
providing references. By providing additional resources, cred-
ibility can be improved while allowing readers to access more 
in-depth information if desired; however, reference quality and 
readability must also be considered. Providing plain language 
summaries or interpretations of complex research findings along-
side technical references could aid comprehension; these summa-
ries could distill key information into clear, accessible language 
without sacrificing accuracy.

The limitations of this study include the fact that the read-
ability software used does not consider the use of graphics or 

TABLE 3.

Readability Level of Online Resources by Website Affiliation

Search Term Count
Readability Level

Mean (SD) [Range] Statistically Significant Comparisons* P†

Commercial 5 9.08 (2.38)
[7.6, 13.3]

Nonprofit (hospital) 0.04

Government 5 9.82 (1.50)
[8.4, 12.0]

None N/A

Media 2 10.45 (0.64)
[10.0, 10.9]

None N/A

Nonprofit (hospital) 16 11.08 (0.98)
[9.7, 13.0]

Commercial  0.04

Nonprofit (organization) 22 10.44 (1.20)
[8.3, 12.9]

None N/A

*One-way ANOVA test with overall model P value of 0.049.
†Tukey multiple comparisons of means.

FIGURE 2. Readability level and website accuracy by search term.
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website text organization, both of which may improve patient 
comprehension, and it does not factor in prior knowledge of the 
material or the level of education of the reader. It was also pre-
sumed that the Google search engine was the most used source 
of information by patients; however, this may not be the case for 
all patients, who may also use social media, online forums, or 
other online sources. Nevertheless, providers can still use these 
findings to guide their patients toward reliable online resources 
and help them navigate the vast amount of information avail-
able on the Internet.

CONCLUSIONS
While most breast cancer websites were reasonably accurate, 
information quality requires improvement, and the mean reading 
grade level was found to be at the 10th grade level, which was 
significantly higher than the AMA- and NIH-recommended 6th 
grade level. These findings demonstrate the need for online breast 
cancer information that is not only accurate but also of high 
quality and readable for all patients. Online breast cancer infor-
mation often exceeds recommended reading levels, raising con-
cerns about its potential as a source of health inequities. Future 
research should investigate methods to improve the quality and 
readability of online information while maintaining its accuracy. 
Ultimately, improving these aspects of online breast cancer infor-
mation is not only critical for patient outcomes but also a step 
toward promoting health equity and empowering patients to 
make informed decisions about their breast cancer care.
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