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Background: Addressing disparities in living kidney donation requires making
information accessible across literacy levels, especially important given that
the average American adult reads at an 8th-grade level. This study evaluated
the effectiveness of ChatGPT, an advanced AI language model, in simplifying
living kidney donation information to an 8th-grade reading level or below.
Methods:WeusedChatGPTversions3.5 and4.0 tomodify27questionsandanswers
fromDonate Life America, a key resourceon living kidneydonation.Wemeasured the
readability of both original and modified texts using the Flesch-Kincaid formula. A
paired t-test was conducted to assess changes in readability levels, and a statistical
comparison between the two ChatGPT versions was performed.
Results: Originally, the FAQs had an average reading level of 9.6± 1.9. Post-
modification, ChatGPT 3.5 achieved an average readability level of 7.72± 1.85, while
ChatGPT 4.0 reached 4.30± 1.71, both with a p-value <0.001 indicating significant
reduction. ChatGPT 3.5 made 59.26% of answers readable below 8th-grade level,
whereas ChatGPT 4.0 did so for 96.30% of the texts. The grade level range for
modified answers was 3.4–11.3 for ChatGPT 3.5 and 1–8.1 for ChatGPT 4.0.
Conclusion: Both ChatGPT 3.5 and 4.0 effectively lowered the readability grade
levels of complex medical information, with ChatGPT 4.0 being more effective.
This suggests ChatGPT’s potential role in promoting diversity and equity in living
kidney donation, indicating scope for further refinement in making medical
information more accessible.
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Introduction

Living kidney donation is a vital alternative for individuals diagnosed with end-stage

kidney disease (ESKD) who require a kidney transplant (1, 2). It involves a healthy donor,

often a family member, giving a kidney to a recipient in need (1, 3). While it has

advantages like shorter waiting times and better outcomes, complex medical
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information can be hard to grasp, especially for those with limited

literacy (4–7). Literacy, including reading, writing, and

understanding, significantly impacts health literacy, affecting how

well individuals comprehend medical options and make

informed decisions (8). Addressing this literacy gap is vital for

equal access to kidney donation information.

The literacy level in the general population significantly impacts

healthcare and patient outcomes (9–14). National Assessment of

Adult Literacy (NAAL) reveal that only 12% of adults have

proficient health literacy skills, while approximately 22% have

basic, and 14% had below basic health literacy (15). The average

American adult reads at an eighth-grade level (16, 17), making it

challenging to provide medical information suitable for various

literacy levels (12). Simplifying living kidney donation information

to an eighth-grade level benefits those with limited literacy skills,

reducing health disparities and promoting equity in healthcare

(4, 18). AI language models like ChatGPT may offer a solution to

make complex information more readable (19–21). This study

assesses ChatGPT’s effectiveness in simplifying living kidney

donation information to an eighth-grade level. The need to

explore AI language models like ChatGPT for this purpose is

evident, as their potential in this context remains understudied.

We collected 27 FAQs related to living kidney donation from

Donate Life America (22) and had ChatGPT 3.5 (03/23 Version)

(19) simplify both the questions and the answers for those

reading at or below an eighth-grade level. We assessed the

readability grade level of both the original and modified

information using the Flesch-Kincaid formula (23). We then

compared the readability before and after the modification and

conducted a paired t-test to determine any significant differences.
Method

Data collection

To gather the necessary data for our study, we accessed a widely

accessible FAQs website called Donate Life America (24), which

provides information on various aspects of living kidney

donation. Donate Life America is a reputable organization

dedicated to promoting organ, eye, and tissue donation in the

United States. The website serves as a valuable resource for

individuals seeking information about living kidney donation.

From this website, we collected a total of 27 questions along with

their corresponding answers, specifically related to living kidney

donation. These questions covered a range of topics, including

the eligibility criteria for donors, the evaluation process, the

surgical procedure, post-donation care, and potential risks and

benefits associated with living kidney donation. The decision to

use the Donate Life America website for data collection was

based on its accessibility to the public and its reputation as a

reliable source of information on living kidney donation. By

utilizing content from this website, we aimed to ensure that the

information being modified by ChatGPT was representative of

the type of information individuals might encounter when

seeking information on living kidney donation.
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AI language model usage

In our study, we utilized two versions of OpenAI’s ChatGPT

(25), GPT-3.5 and the more advanced GPT-4.0, to evaluate their

efficacy in modifying living kidney donation information for

different literacy levels. ChatGPT, known for its advanced text

generation capabilities, was accessed through OpenAI’s API.

GPT-3.5 was initially used to rephrase information to an eighth-

grade reading level. We then employed GPT-4.0, which offers

improved language understanding, to adapt the information to

even lower literacy levels while maintaining accuracy. The study

aimed to assess and compare the effectiveness of both models in

simplifying complex medical information for audiences with

lower literacy, exploring how advancements in AI can enhance

readability and accessibility.
Readability assessment

The process involved providing the original text of the answers

as prompts to ChatGPT and receiving modified versions of the text

in response. ChatGPT utilizes its understanding of language and

context to generate modified versions that are expected to be

more accessible to individuals with lower literacy skills. These

modifications aim to reduce complexity, simplify sentence

structures, and clarify any ambiguous or technical terms present

in the original answers.

To assess the readability of the original and modified living

kidney donation information, we employed the widely-used

Flesch-Kincaid formula (23, 26). The Flesch-Kincaid formula is a

readability formula that measures the complexity of a text and

assigns it a grade level. It considers factors such as sentence length

and average number of syllables per word to determine the

reading level required to comprehend the text effectively (27, 28).

The formula calculates the grade level based on the following

equation (23):

Grade Level ¼ 0:39 � (Total Words=Total Sentences) þ 11:8

� (Total Syllables=Total Words) � 15:59

To apply the Flesch-Kincaid formula, we first needed to count the

total number of words, sentences, and syllables in each answer.

This was done by utilizing software tools specifically designed for

text analysis or by manual counting. The number of syllables in

a word can be determined by counting the number of vowels

sounds in the word.

Once we obtained the necessary counts, we substituted them

into the Flesch-Kincaid formula to calculate the grade level of

each answer. This grade level represents the minimum level of

education required to understand the text. Lower grade levels

indicate easier readability, while higher grade levels indicate more

complex language.

By applying the Flesch-Kincaid formula to both the original

and modified answers, we were able to compare the grade levels

before and after ChatGPT’s modifications. This comparison
frontiersin.org
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provided insights into the effectiveness of ChatGPT in reducing the

complexity and improving the readability of the living kidney

donation information.
Accuracy and fidelity verification

Upon completing the initial modifications by ChatGPT, each

modified text underwent a rigorous review process.

• Medical accuracy: Ensuring that the modified content accurately

reflected current medical knowledge and practices related to

living kidney donation.

• Fidelity to the original message: Confirming that key

information, advice, and implications remained unchanged

from the original texts.

• Clarity and comprehensibility: Assessing whether the

modifications indeed made the information more accessible to

individuals with lower literacy levels, without sacrificing the

depth of information.

A second attempt at modifying each of the 27 questions and their

answers was conducted using ChatGPT. To ensure the

independence of this attempt and to minimize potential biases

arising from the AI’s memory of prior interactions, we initiated

this process in a new chat session for each question and answer.

This procedural adjustment allowed us to assess the

reproducibility of ChatGPT’s text modifications and to examine

the variability in readability levels across different attempts.
Statistical analysis

Our analysis compared the readability grades pre- and post-

modification by ChatGPT 3.5 and 4.0. We employed a paired

t-test to determine the significance of readability enhancements.

Additionally, a statistical comparison between the two ChatGPT

versions was conducted, focusing on the mean difference (MD)

and standard deviation (SD). This comparative analysis aimed to

evaluate the effectiveness of each version in simplifying medical

information to the target literacy level.
Results

Original readability assessment

Upon analysis of the 27 questions and answers related to living

kidney donation using the Flesch-Kincaid formula, the original

texts exhibited an average readability grade level of 9.6 ± 1.9. This

level was indicative of the texts’ complexity, surpassing the

average American adult’s reading ability (Table 1).

When modified by ChatGPT 3.5, the average readability grade

level of these FAQs decreased to 7.72 ± 1.85, showcasing a

significant readability enhancement (p < 0.001). However,

ChatGPT 3.5 managed to adjust the content to an eighth-grade

reading level or below in 16 of the 27 cases (59.26%), Figure 1.
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In contrast, the utilization of ChatGPT 4.0 led to a more

pronounced reduction in complexity, with the average readability

level dropping to 4.30 ± 1.71. Notably, ChatGPT 4.0 successfully

reduced the readability level to the eighth grade or below in 26

of the 27 instances (96.30%), demonstrating its superior

capability in simplifying complex medical information.

The range of grade levels for the modified answers was notably

different between the two versions of ChatGPT. For ChatGPT 3.5,

this range spanned from 3.4 to 11.3, indicating variability in its

effectiveness. In contrast, ChatGPT 4.0 consistently produced

answers within a more accessible range of 1–8.1. The mean

difference (MD) in grade levels between the original and modified

answers was 3.43 (SD = 1.62, p-value <0.001), highlighting the

substantial impact of these AI models in enhancing readability.

The most substantial enhancements in readability, as reflected

by the contrast between the initial levels and those after

modification by ChatGPT versions 3.5 and 4.0, were seen in five

key questions (Table 1). Question 21, regarding the eligibility of

individuals living with HIV for organ donation, saw the most

significant improvement, with the readability level plunging from

12 to 1.3, a difference of 10.7. Close behind, Question 20’s

discussion on the possibility of LGBTQ+ community members

becoming donors improved from a readability level of 11.2–2.3,

marking an 8.9 point enhancement. Similarly, Question 22’s

query about the eligibility of tattooed individuals as donors

improved by 9.6 points, Question 24’s exploration of donor

experiences and resources by 6.1 points, and Question 5’s

explanation of paired kidney donation and donation chains by

6.8 points. These significant reductions in readability scores

indicate a notable increase in the accessibility of information,

making it potentially easier to comprehend for a broader audience.

In the assessment of readability changes following modifications

by ChatGPT versions, certain questions displayed negligible

enhancement or even regression. For instance, Question 10,

concerning the duration of hospital stay post-donation, regressed

in readability, increasing from a grade level of 7.6–8.5. Similarly,

Question 16 saw a slight increase in complexity, with the

readability level marginally rising from 11 to 11.3. Question 27

also experienced a decline in readability, as the grade level went

up from 6.5 to 8.5. While Questions 15 and 25 showed only

minimal improvements, with the readability level slightly

decreasing from 10.8 to 10.3 and from 11.5 to 11, respectively.

These instances indicate either a deterioration in the simplicity of

the information or a minor readability enhancement, which might

not significantly aid in understanding for the intended audience.
Second attempt results

The second attempt at modifying the texts with both ChatGPT

3.5 and ChatGPT 4.0 reaffirmed the initial findings, with no

significant differences observed in the readability levels or the

content’s fidelity. This consistency underscores the reliability of

ChatGPT in simplifying complex medical texts. Specifically, the

average readability grade level for the FAQs remained

substantially reduced, mirroring the results from the first attempt:
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TABLE 1 Comparison of original and modified text readability grade levels for 27 questions related to living kidney donation.

Question
Number

Question Readability
of original
answer

Readability
level after
ChatGPT 3.5

Readability
level after
ChatGPT 4.0

Difference
(Original—
ChatGPT 3.5)

Difference
(Original—
ChatGPT 4.0)

1 What is living donation? 9.1 6.5 5.3 2.6 3.8

2 Why is living donation important? 10.7 8.4 5.3 2.3 5.4

3 Does the living donor need to know the person… 6.1 5.5 3.4 0.6 2.7

4 What is involved in the evaluation to be a living donor? 9.2 8.4 4.3 0.8 4.9

5 What is paired kidney donation and living donation chains? 9.5 6.5 2.7 3 6.8

6 Can living kidney donors live a healthy life with a single kidney? 8.5 6.9 5.2 1.6 3.3

7 Does living organ donation shorten the donor’s life expectancy? 8.5 6.6 3.7 1.9 4.8

8 Are living kidney donors more likely to get kidney disease? 11.5 10.4 8.1 1.1 3.4

9 Do living donors have to take medications for the rest of their
lives?

11.9 7.6 6.6 4.3 5.3

10 Will a living donor be in the hospital for an extended period of
time after surgery?

7.6 8.5 5 −0.9 2.6

11 Does a living donor have to follow a new diet plan following
donation?

8.8 8 3.2 0.8 5.6

12 Can a living donor consume alcohol following donation? 11.2 8.5 6 2.7 5.2

13 Should a living donor avoid pregnancy after donation? 10.7 8 5 2.7 5.7

14 Will a living donor’s sex life be negatively affected by donation? 7.3 3.4 4.1 3.9 3.2

15 Who pays for the medical expenses related to living donation? 10.8 10.3 6.4 0.5 4.4

16 Will the living donor have any out of pocket expenses? 11 11.3 6 −0.3 5

17 Will a living donor have trouble getting health insurance or life
insurance after they donate?

8.2 6.7 2.8 1.5 5.4

18 How risky is living donor surgery? 10 7.2 5 2.8 5

19 Can adults over age 50 donate? 6.3 5.1 1 1.2 5.3

20 Can members of the LGBTQ+ community be living donors? 11.2 6.2 2.3 5 8.9

21 Can people living with HIV be living donors? 12 7.6 1.3 4.4 10.7

22 Are people with tattoos able to be living donors? 11.9 7.8 2.3 4.1 9.6

23 What happens if a living donor changes their mind? 7.5 5.5 3.4 2 4.1

24 Do living donors ever share their experiences and what are
some resources?

9.3 8.4 3.2 0.9 6.1

25 How would a potential living donor start the process if they
want to donate to a specific person?

11.5 11 5.8 0.5 5.7

26 What if the intended living kidney donor and intended
recipient are not a match?

11.6 9.7 5.3 1.9 6.3

27 What is the first step for a potential living donor who does not
have a specific recipient in mind?

6.5 8.5 3.3 −2 3.2

Garcia Valencia et al. 10.3389/fdgth.2024.1366967
• With ChatGPT 3.5, the readability level averaged at 7.75 ± 1.82,

closely aligning with the initial average of 7.72 ± 1.85.

• ChatGPT 4.0 demonstrated a remarkable consistency as well,

with the second attempt yielding an average readability level

of 4.32 ± 1.69, which is virtually identical to the first attempt’s

average of 4.30 ± 1.71.

Accuracy in simplifying living kidney
donation information

Both versions of ChatGPT achieved 100% accuracy in

simplifying the texts while perfectly preserving the medical

integrity and fidelity of the information. This high level of

accuracy represents a significant milestone in using AI to

make complex medical information more accessible without

compromising content quality (Supplementary Data Sheet S1).

For instance, when simplifying the concept of “living

donation”, ChatGPT 4.0 skillfully condensed the original

explanation into a clear and easily understandable version. It

transformed the complex description of living donation—a
Frontiers in Digital Health 04
process where a living individual donates an organ or part of

an organ to someone in need, with specifics about kidney and

liver donation—into a concise explanation. ChatGPT 4.0

clarified that living donation means a person who is alive gives

an organ or a part of an organ to someone who needs a new

one, emphasizing the body’s ability to function well even after

such a donation.

Likewise, when addressing “Why is living donation important?”,

ChatGPT 4.0 effectively distilled the multifaceted reasons into a

digestible format. It highlighted the significance of providing

another option for transplant candidates and alleviating the long

wait times associated with receiving organs from deceased donors.

The simplification successfully conveyed the urgency of living

donation in meeting the demand for life-saving transplants and its

benefits for the recipient’s health and the quality of the donated organ.
Fidelity to the original message

The examination of the simplified explanations provided by

ChatGPT 4.0 demonstrates a high level of fidelity to the original
frontiersin.org
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FIGURE 1

Analysis of literacy scores by questions. Three lines represent the scores from the original text, and the modified versions by Chat GPT 3.5 and Chat
GPT 4.0, respectively. The y-axis indicates the literacy score, which presumably reflects the readability level or grade level of the text, with the x-axis
enumerating the individual questions.
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content. In the example discussing paired kidney donation and

living donation chains (Supplementary Data Sheet S1),

ChatGPT 4.0 accurately conveys the key concepts presented in

the original text. The simplified explanation maintains the

essential information about the challenges of finding a

compatible donor and the solution offered by paired donation,

where multiple donor-recipient pairs are matched to ensure

compatibility. The model effectively preserves the core

message and intent of the original text while presenting the

information in a more accessible manner.

Similarly, when addressing concerns about the impact of living

donation on pregnancy and sex life, ChatGPT 4.0 maintains fidelity

to the original message. The simplified responses accurately reflect

the advice provided in the original text, emphasizing the

importance of waiting for medical clearance before attempting to

conceive after donation and reassuring potential donors that

donation does not necessarily negatively impact their sex life.

The model successfully distills the essential information and

guidance from the original text, ensuring that the simplified

explanations remain faithful to the intended message.
Clarity and comprehensibility

The simplified explanations provided by ChatGPT 4.0

demonstrate a significant improvement in clarity and

comprehensibility compared to the original text. In the example

discussing paired kidney donation and living donation chains

(Supplementary Data Sheet S1), ChatGPT 4.0 uses relatable
Frontiers in Digital Health 05
language and an example scenario to help the reader

understand the concept. By avoiding complex medical

terminology and presenting the information in a narrative

format, the model makes the explanation more accessible to

individuals with lower literacy levels. The use of phrases like

“kidney swap” and the step-by-step description of how paired

donation works enhance the clarity of the explanation, making

it easier for readers to grasp the key points.

Similarly, when addressing concerns about pregnancy and sex

life after donation, ChatGPT 4.0 provides clear and concise

responses that are easy to understand. The simplified answers

directly address the questions at hand, using straightforward

language that is accessible to a wide audience. By focusing on the

essential information and avoiding unnecessary details, the model

enhances the comprehensibility of the guidance provided. The use

of short, direct sentences further improves clarity, making it easier

for readers to understand the key points and recommendations.
Discussion

The use of advanced language models such as ChatGPT 3.5

and 4.0 in making complex medical information more accessible

represents a significant stride in the pursuit of health literacy.

Our findings reveal ChatGPT’s effectiveness in decreasing the

readability grade level of FAQs regarding living kidney donation,

thereby making strides towards broader understanding and

paving the way for improved equity in health communication.

Despite the progress, the goal of consistently achieving an
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eighth-grade reading level across all materials has not been fully

realized, highlighting an ongoing challenge in the quest for

equitable health literacy.

The notable performance of ChatGPT 4.0, in particular,

suggests that further developments in AI can lead to even more

effective simplification of medical language. The demonstrated

correlation between the complexity of the original texts and the

degree of readability enhancements provided by these AI models

suggests a targeted application of such technology could be

exceptionally beneficial in refining materials that are typically

dense and challenging for non-specialist audiences.

The persistent literacy gaps in healthcare represent a barrier to

equitable health information access (7, 12, 14, 29). Despite the vast

amount of medical knowledge available, there is a disparity in the

ability of individuals to understand and act upon health-related

information (4, 9, 29, 30). This gap is not merely a reflection of

individual educational achievements but is also a systemic issue

that affects public health outcomes (14, 31). In the context of

living kidney donation, the stakes are particularly high, as the

decision to donate or receive a kidney involves navigating

complex medical procedures and understanding the long-term

implications for both donor and recipient (1, 5, 18, 32). As such,

ensuring that information regarding living kidney donation is

accessible to people of all educational backgrounds is not just a

matter of convenience; it is a matter of ethical necessity and

health equity (33).

Policies aimed at closing the literacy gaps in healthcare must take

into account the diversity of patients’ educational backgrounds (29,

34–36). A comprehensive strategy should include the simplification

of medical texts, the use of plain language in patient education

materials, and the training of healthcare providers to communicate

effectively with patients who may have limited health literacy

(35, 36). Furthermore, policy initiatives must also foster the

development and deployment of advanced technologies, such as

AI-driven tools like ChatGPT, which can tailor complex medical

content to the comprehension skills of the general population. By

embedding these strategies into healthcare policy (34), institutions

can better ensure that all individuals, regardless of literacy level,

have the information they need to make informed decisions about

living kidney donation.

Living kidney donation holds profound importance for public

health, as it often represents a life-saving intervention for

individuals with end-stage renal disease. The decision to donate a

kidney is a significant one, with far-reaching consequences for the

health and well-being of both the donor and the recipient.

Therefore, it is critical that every person considering living kidney

donation has access to clear and comprehensible information

(1, 4, 32). This is not just a matter of providing education; it is

about upholding the rights of individuals to make autonomous

decisions about their bodies and health. Ensuring that everyone,

irrespective of their educational attainment, can fully understand

the implications of living kidney donation is a step towards

upholding the principles of justice and equality in healthcare.

To fully bridge the literacy gap, it is essential to iteratively

improve AI models like ChatGPT, focusing on language nuances

and information accessibility. Future developments should aim
Frontiers in Digital Health 06
for language simplification, semantic clarity, and cultural

relevance to make health information inclusive. Research should

expand to include various medical sources and assess the impact

on patient comprehension and outcomes. This study underscores

the potential of AI in making medical content more universally

understandable at an eighth-grade level, aiding informed

decision-making and supporting healthcare diversity and equity.

Ongoing refinement of these AI tools is crucial, enhancing their

ability to deliver engaging, culturally sensitive medical

information. Ensuring equitable access to information for all

literacy levels is key to informed consent and patient

empowerment, and the development of these technologies should

prioritize inclusivity in the evolving health information landscape.

The study highlights the significant potential of ChatGPT in

making medical information more accessible. However, it has

limitations. The data was sourced only from Donate Life

America’s FAQs, limiting the generalizability of our findings

across diverse medical texts. Additionally, while our study

demonstrates the effectiveness of ChatGPT in improving the

readability of medical information on living kidney donation using

the Flesch-Kincaid Index, it is important to acknowledge the

limitations of this readability measure. The Flesch-Kincaid Index,

although widely used, it may not fully capture the intricacies of

readability, such as the use of jargon, the complexity of ideas, or

the coherence of the text (37). Furthermore, it is crucial to include

a nuanced discussion on the appropriateness and limitations of

using the eighth-grade readability level as a universal target.

Acknowledging the diversity of literacy skills within the

population, future studies should explore more inclusive strategies.

These could include developing tiered content that caters to

varying literacy demands and integrating visual aids to support

comprehension for those at the lower end of the literacy spectrum.

To address these limitations, future studies should consider

incorporating additional readability indices, such as the Gunning

Fog Index and the SMOG Index (37–40). Furthermore, given the

technologies available, an adaptive preparation of the information

would be a promising option. Additionally, future studies could

explore the relationship between different readability indices and

the actual comprehension and retention of information by the

target audience. This could involve conducting user studies with

participants of varying literacy levels to assess the effectiveness of

the simplified texts in promoting understanding and knowledge

acquisition. Such research would provide valuable insights into the

practical implications of readability enhancements and help refine

the text simplification strategies employed by AI tools like ChatGPT.

In conclusion, this study demonstrates that ChatGPT’s

potential in bridging the literacy gap in understanding the living

kidney donation information. By tailoring the content to resonate

with an eighth-grade comprehensive level, ChatGPT broadens

the reach and clarity of information for those with different

literacy levels. This endeavor aligns with the overarching aim of

amplifying diversity and equality in living kidney donation by

ensuring inclusivity in information dissemination. Nonetheless,

further research and AI development are necessary to finetune

tools like ChatGPT, and enhance their performance in tailoring

medical information for diverse literacy individuals.
frontiersin.org

https://doi.org/10.3389/fdgth.2024.1366967
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Garcia Valencia et al. 10.3389/fdgth.2024.1366967
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

OG: Writing – review & editing, Writing – original draft,

Visualization, Validation, Software, Methodology, Investigation,

Formal Analysis, Data curation, Conceptualization. CT: Writing

– review & editing, Writing – original draft, Visualization,

Validation, Supervision, Resources, Project administration,

Methodology, Investigation, Funding acquisition, Formal

Analysis, Conceptualization. JM: Writing – review & editing,

Writing – original draft, Validation, Supervision, Resources,

Project administration, Methodology, Conceptualization. SS:

Writing – review & editing, Validation, Supervision,

Methodology, Conceptualization. PK: Writing – review & editing,

Supervision, Project administration, Methodology, Investigation,

Conceptualization. IC: Writing – review & editing, Supervision,

Resources, Project administration, Conceptualization. CJ:

Writing – review & editing, Validation, Supervision, Resources,

Project administration, Methodology, Conceptualization. SM:

Writing – review & editing, Supervision, Project administration,

Methodology, Conceptualization. MM: Writing – review &

editing, Supervision, Resources, Project administration, Methodology,

Conceptualization. NL: Writing – review & editing, Project

administration, Methodology, Investigation, Conceptualization.

PB: Writing – review & editing, Supervision, Project

administration, Methodology, Conceptualization. WC: Writing –

review & editing, Writing – original draft, Visualization,
Frontiers in Digital Health 07
Validation, Supervision, Software, Resources, Project administration,

Methodology, Investigation, Funding acquisition, Formal Analysis,

Data curation, Conceptualization.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fdgth.2024.

1366967/full#supplementary-material
References
1. Garg AX, Levey AS, Kasiske BL, Cheung M, Lentine KL. Application of the 2017
KDIGO guideline for the evaluation and care of living kidney donors to clinical
practice. Clin J Am Soc Nephrol. (2020) 15(6):896–905. doi: 10.2215/CJN.12141019

2. Vanholder R, Domínguez-Gil B, Busic M, Cortez-Pinto H, Craig JC, Jager KJ,
et al. Organ donation and transplantation: a multi-stakeholder call to action. Nat
Rev Nephrol. (2021) 17(8):554–68. doi: 10.1038/s41581-021-00425-3

3. Waterman AD, Stanley SL, Covelli T, Hazel E, Hong BA, Brennan DC. Living
donation decision making: recipients’ concerns and educational needs. Prog
Transplant. (2006) 16(1):17–23. doi: 10.1177/152692480601600105

4. Taylor DM, Bradley JA, Bradley C, Draper H, Dudley C, Fogarty D, et al. Limited
health literacy is associated with reduced access to kidney transplantation. Kidney Int.
(2019) 95(5):1244–52. doi: 10.1016/j.kint.2018.12.021

5. Grubbs V, Gregorich SE, Perez-Stable EJ, Hsu CY. Health literacy and access to kidney
transplantation. Clin J Am Soc Nephrol. (2009) 4(1):195–200. doi: 10.2215/CJN.03290708

6. Thongprayoon C, Miao J, Jadlowiec C, Mao SA, Mao M, Leeaphorn N, et al.
Distinct clinical profiles and post-transplant outcomes among kidney transplant
recipients with lower education levels: uncovering patterns through machine learning
clustering. Ren Fail. (2023) 45(2):2292163. doi: 10.1080/0886022X.2023.2292163

7. Garg AX. Helping more patients receive a living donor kidney transplant. Clin
J Am Soc Nephrol. (2018) 13(12):1918–23. doi: 10.2215/CJN.00760118

8. Peerson A, Saunders M. Health literacy revisited: what do we mean and why does
it matter? Health Promot Int. (2009) 24(3):285–96. doi: 10.1093/heapro/dap014

9. Paasche-Orlow MK, Wolf MS. The causal pathways linking health literacy to
health outcomes. Am J Health Behav. (2007) 31(1):S19–26. doi: 10.5993/AJHB.31.s1.4
10. Seurer AC, Vogt HB. Low health literacy: a barrier to effective patient care. S
D Med. (2013) 66(2):51, 53–7. PMID: 23513359

11. Wynia MK, Osborn CY. Health literacy and communication quality in health
care organizations. J Health Commun. (2010) 15(S2):102–15. doi: 10.1080/10810730.
2010.499981

12. DeWalt DA, Berkman ND, Sheridan S, Lohr KN, Pignone MP. Literacy and
health outcomes: a systematic review of the literature. J Gen Intern Med. (2004)
19:1228–39. doi: 10.1111/j.1525-1497.2004.40153.x

13. Taylor DM, Fraser SDS, Ravanan R, Roderick P. Education, health literacy, and
inequity in access to transplantation: findings from the ATTOM cohort study. Lancet.
(2017) 390:S88. doi: 10.1016/S0140-6736(17)33023-4

14. Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health
literacy and health outcomes: an updated systematic review. Ann Intern Med.
(2011) 155(2):97–107. doi: 10.7326/0003-4819-155-2-201107190-00005

15. Kutner M, Greenburg E, Jin Y, Paulsen C. The Health Literacy of America’s
Adults: Results from the 2003 National Assessment of Adult Literacy. NCES 2006-
483. National Center for Education Statistics (2006). Available online at: https://
nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2006483 (Accessed November 15, 2023).

16. DuBay WH. The Principles of Readability. Online Submission. (2004).

17. DuBay WH. The Classic Readability Studies. Online Submission. (2007).

18. Dageforde LA, Petersen AW, Feurer ID, Cavanaugh KL, Harms KA, Ehrenfeld
JM, et al. Health literacy of living kidney donors and kidney transplant recipients.
Transplantation. (2014) 98(1):88–93. doi: 10.1097/TP.0000000000000027
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fdgth.2024.1366967/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fdgth.2024.1366967/full#supplementary-material
https://doi.org/10.2215/CJN.12141019
https://doi.org/10.1038/s41581-021-00425-3
https://doi.org/10.1177/152692480601600105
https://doi.org/10.1016/j.kint.2018.12.021
https://doi.org/10.2215/CJN.03290708
https://doi.org/10.1080/0886022X.2023.2292163
https://doi.org/10.2215/CJN.00760118
https://doi.org/10.1093/heapro/dap014
https://doi.org/10.5993/AJHB.31.s1.4
https://pubmed.ncbi.nlm.nih.gov/PMID: 23513359
https://doi.org/10.1080/10810730.2010.499981
https://doi.org/10.1080/10810730.2010.499981
https://doi.org/10.1111/j.1525-1497.2004.40153.x
https://doi.org/10.1016/S0140-6736(17)33023-4
https://doi.org/10.7326/0003-4819-155-2-201107190-00005
https://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2006483
https://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2006483
https://doi.org/10.1097/TP.0000000000000027
https://doi.org/10.3389/fdgth.2024.1366967
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Garcia Valencia et al. 10.3389/fdgth.2024.1366967
19. OpenAI. ChatGPT (Version 3.5). (2021).

20. Miao J, Thongprayoon C, Garcia Valencia OA, Krisanapan P, Sheikh MS, Davis
PW, et al. Performance of ChatGPT on nephrology test questions. Clin J Am Soc
Nephrol. (2023) 19(1):35–43. doi: 10.2215/CJN.0000000000000330

21. Garcia Valencia OA, Thongprayoon C, Jadlowiec CC, Mao SA, Miao J,
Cheungpasitporn W. Enhancing kidney transplant care through the integration of
chatbot. Healthcare (Basel). (2023) 11(18):2518. doi: 10.3390/healthcare11182518

22. Donate Life America. Available online at: https://donatelife.net/faqs/ (Accessed
March 2023).

23. Kincaid JP, Fishburne RP Jr, Rogers RL, Chissom BS. Derivation of new
Readability Formulas (Automated Readability index, fog Count and Flesch Reading
Ease Formula) for Navy Enlisted Personnel. Institute for Simulation and Training
(1975). p. 56. Available online at: https://stars.library.ucf.edu/istlibrary/56 (Accessed
November 15, 2023).

24. Donate Life America. (n.d.). Available online at: https://donatelife.net/ (Accessed
January 7, 2024).

25. ChatGPT GPT-4.0. Available online at: https://openai.com/gpt-4 (Accessed
January 7, 2024).

26. Ley P, Florio T. The use of readability formulas in health care. Psychology.
Health Med. (1996) 1(1):7–28. doi: 10.1080/13548509608400003

27. Wang LW, Miller MJ, Schmitt MR, Wen FK. Assessing readability formula
differences with written health information materials: application, results, and
recommendations. Res Social Adm Pharm. (2013) 9(5):503–16. doi: 10.1016/j.
sapharm.2012.05.009

28. Mac O, Ayre J, Bell K, McCaffery K, Muscat DM. Comparison of readability scores
for written health information across formulas using automated vs manual measures.
JAMA Netw Open. (2022) 5(12):e2246051. doi: 10.1001/jamanetworkopen.2022.46051

29. Rikard RV, Thompson MS, McKinney J, Beauchamp A. Examining health literacy
disparities in the United States: a third look at the national assessment of adult literacy
(NAAL). BMC Public Health. (2016) 16(1):975. doi: 10.1186/s12889-016-3621-9
Frontiers in Digital Health 08
30. Barnieh L, Collister D, Manns B, Lam NN, Shojai S, Lorenzetti D, et al. A
scoping review for strategies to increase living kidney donation. Clin J Am Soc
Nephrol. (2017) 12(9):1518. doi: 10.2215/CJN.01470217

31. Warsame F, Haugen CE, Ying H, Garonzik-Wang JM, Desai NM, Hall RK, et al.
Limited health literacy and adverse outcomes among kidney transplant candidates.
Am J Transplant. (2019) 19(2):457–65. doi: 10.1111/ajt.14994

32. Waterman AD, Morgievich M, Cohen DJ, Butt Z, Chakkera HA, Lindower C,
et al. Living donor kidney transplantation: improving education outside of
transplant centers about live donor transplantation–recommendations from a
consensus conference. Clin J Am Soc Nephrol. (2015) 10(9):1659–69. doi: 10.2215/
CJN.00950115

33. Bratton C, Chavin K, Baliga P. Racial disparities in organ donation and
why. Curr Opin Organ Transplant. (2011) 16(2):243–9. doi: 10.1097/MOT.
0b013e3283447b1c

34. Smith G, Lui SF, Kalantar-Zadeh K, Bonner A. The shift from individual to
organizational health literacy: implications for kidney healthcare leaders and
clinicians. Nephron. (2023):1–8. doi: 10.1159/000534073

35. Jacobs RJ, Lou JQ, Ownby RL, Caballero J. A systematic review of eHealth
interventions to improve health literacy. Health Informatics J. (2016) 22(2):81–98.
doi: 10.1177/1460458214534092

36. McCormack L, Thomas V, Lewis MA, Rudd R. Improving low health literacy
and patient engagement: a social ecological approach. Patient Educ Couns. (2017)
100(1):8–13. doi: 10.1016/j.pec.2016.07.007

37. Redish J. Readability formulas have even more limitations than Klare discusses.
ACM J Comput Doc. (2000) 24(3):132–7. doi: 10.1145/344599.344637

38. Benjamin RG. Reconstructing readability: recent developments and
recommendations in the analysis of text difficulty. Educ Psychol Rev. (2012)
24:63–88. doi: 10.1007/s10648-011-9181-8

39. Gunning R. The Technique of Clear Writing. New York: McGraw-Hill (1952).

40. Mc Laughlin GH. SMOG grading-a new readability formula. J Read. (1969) 12
(8):639–46. http://www.jstor.org/stable/40011226
frontiersin.org

https://doi.org/10.2215/CJN.0000000000000330
https://doi.org/10.3390/healthcare11182518
https://donatelife.net/faqs/
https://stars.library.ucf.edu/istlibrary/56
https://donatelife.net/
https://openai.com/gpt-4
https://doi.org/10.1080/13548509608400003
https://doi.org/10.1016/j.sapharm.2012.05.009
https://doi.org/10.1016/j.sapharm.2012.05.009
https://doi.org/10.1001/jamanetworkopen.2022.46051
https://doi.org/10.1186/s12889-016-3621-9
https://doi.org/10.2215/CJN.01470217
https://doi.org/10.1111/ajt.14994
https://doi.org/10.2215/CJN.00950115
https://doi.org/10.2215/CJN.00950115
https://doi.org/10.1097/MOT.0b013e3283447b1c
https://doi.org/10.1097/MOT.0b013e3283447b1c
https://doi.org/10.1159/000534073
https://doi.org/10.1177/1460458214534092
https://doi.org/10.1016/j.pec.2016.07.007
https://doi.org/10.1145/344599.344637
https://doi.org/10.1007/s10648-011-9181-8
http://www.jstor.org/stable/40011226
https://doi.org/10.3389/fdgth.2024.1366967
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

	Empowering inclusivity: improving readability of living kidney donation information with ChatGPT
	Introduction
	Method
	Data collection
	AI language model usage
	Readability assessment
	Accuracy and fidelity verification
	Statistical analysis

	Results
	Original readability assessment
	Second attempt results
	Accuracy in simplifying living kidney donation information
	Fidelity to the original message
	Clarity and comprehensibility

	Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


