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Evaluating Quality and Readability of Al-generated
Information on Living Kidney Donation
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Background. The availability of high-quality and easy-to-read informative material is crucial to providing accurate infor-
mation to prospective kidney donors. The quality of this information has been associated with the likelihood of proceeding
with a living donation. Artificial intelligence—based large language models (LLMs) have recently become common instruments
for acquiring information online, including medical information. The aim of this study was to assess the quality and readability
of artificial intelligence-generated information on kidney donation. Methods. A set of 35 common donor questions was
developed by the authors and used to interrogate 3 LLMs (ChatGPT, Google Gemini, and MedGPT). Answers were collected
and independently evaluated using the CLEAR tool for (1) completeness, (2) lack of false information, (3) evidence-based
information, (4) appropriateness, and (5) relevance. Readability was evaluated using the Flesch-Kincaid Reading Ease Score
and the Flesch-Kincaid Grade Level. Results. The interrater intraclass correlation was 0.784 (95% confidence interval,
0.716-0.814). Median CLEAR scores were ChatGPT 22 (interquartile range [IQR], 3.67), Google Gemini 24.33 (IQR, 2.33),
and MedGPT 23.33 (IQR, 2.00). ChatGPT, Gemini, and MedGPT had mean Flesch-Kincaid Reading Ease Scores of 37.32
(SD = 10.00), 39.42 (SD = 13.49), and 29.66 (SD = 7.94), respectively. Using the Flesch-Kincaid Grade Level assessment,
ChatGPT had an average score of 12.29, Gemini had 10.63, and MedGPT had 13.21 (P < 0.001), indicating that all LLMs
had a readability at the college-level education. Conclusions. Current LLM provides fairly accurate responses to com-
mon prospective living kidney donor questions; however, the generated information is complex and requires an advanced
level of education. As LLMs become more relevant in the field of medical information, transplant providers should familiarize

themselves with the shortcomings of these technologies.

(Transplantation Direct 2025;11: e1740; doi: 10.1097/TXD.0000000000001740.)

atients and caregivers frequently search for healthcare
information online. According to a Center for Disease
Control and Prevention Data Brief, in 2022 58.5% of US
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adults searched the Internet for medical information in the
prior 12 mo.! The amount of clinical information provided
by online resources, however, is not always accurate or eas-
ily understandable. A large administrative study reported that
only 38.5% of American adults who accessed online health
information were able to do so without frustration.?

The availability of high-quality, evidence-based, culturally
sensitive, easy-to-read medical information is crucial to pro-
viding accurate information to prospective kidney donors.3-s
In a recently published US survey, the level of knowledge
about living kidney donation was strongly associated with
the willingness to donate.¢ Similarly, a randomized controlled
trial associated the level of patient knowledge about trans-
plantation and conversion to donation.? In this context, it is
important that the information that reaches prospective living
donors is easily readable and of high quality. Transplant cent-
ers spend a significant amount of effort in educating living
kidney donors both in person and online.

In recent years, the widespread use of artificial intelligence
(AI) has radically changed the way we access online informa-
tion. Large language models (LLM)s are Al tools trained on
massive amounts of data that can provide responses to writ-
ten queries resembling human writing. In November 2022,
OpenAl released a version of their LLM, ChatGPT 3.5, that
became rapidly popular and amassed >100 million users in
<3 mo. Google LLC developed a competitor LLM, Google
Gemini, and introduced Al-generated answers (“Al Overview”)
to selected questions in their search engine in March 2023.
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Numerous field-specific LLMs have been developed using
ChatGPT’s model, such as MedGPT, a ChatGPT iteration that
has been additionally trained with text from clinical guidelines
and medical research to provide medical information.

The purpose of this study was to assess the quality and
the readability of information provided by 3 LLMs (ChatGPT,
Google Gemini, and MedGPT) to common questions posed
by prospective living kidney donors.

MATERIALS AND METHODS

Development of Sample Donor Questions

Thirty-five commonly asked kidney donor questions were
developed by the authors for LLM interrogation, using per-
sonal clinical experience and consulting “Frequently Asked
Questions” sections from leading transplant societies and aca-
demic institutions. The list of questions is available in Table 1.
The authors include 2 transplant surgeons and a dedicated liv-
ing donor nephrology nurse practitioner, who combined evalu-
ate about 150 candidate donors per year. The use of specific
medical terminology was avoided to emulate questions from a
layperson with limited knowledge of organ donation (eg, “kid-
ney donor surgery” was used instead of “donor nephrectomy™).

LLM Interrogation

In July 2024, 3 LLMs were queried with the 35 commonly
asked donor questions. The versions of the LLMs queried
were the following: ChatGPT-40 mini, Google Gemini 1.5
Flash, and MedGPT 1.0.12. All questions were entered as
independent new questions in a single chat.

Answers Collection and Evaluation

LLM answers were collected in a text file (Supplemental
Digital Content, SDC, http:/links.lww.com/TXD/A722) and
independently evaluated by the authors. Evaluation of the quality
of the responses was made according to the CLEAR tool, a scor-
ing system for Al-generated medical content that rates informa-
tion on a S-point Likert scale for 5 parameters: (1) completeness,
(2) lack of false information, (3) evidence-based information, (4)
appropriateness, and (5) relevance.” The minimum CLEAR score
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is 5, whereas the maximum is 25. LLM answers were indepen-
dently evaluated by the authors, and the results were logged in an
Excel sheet. CLEAR scores on each answer were averaged over
the observers, following a crowd-scoring strategy.

Answers were also assessed for the presence of potentially
harmful information. This was graded on a 3-point scale as
follows: 0 meaning no potentially harmful information pre-
sent, 1 potentially dangerous information, and 2 harmful
information.

The readability of each answer was assessed using the
Flesch-Kincaid Reading Ease Score (FRES) and the Flesch-
Kincaid Grade Level (FKGL). The FRES is a reading-ease test
based on the number of syllables, words, and sentences pre-
sent in a text.? The higher the score, the easier the readability
of the text. Scores between 10 and 30 are considered very
difficult to read (university graduate level), and scores in the
90s are considered easy to read (6th-grade level). The FKGL
is also based on the number of syllables, words, and sentences
present in a text. The FKGL score output is a US grade level,
that is, the number of years of education required to under-
stand the assessed text.® For example, a score of 12 equals a
12th-grade-level text.

Statistical Analysis

Two-way, mixed effects interclass correlation was used
to evaluate the interrater reliability of the CLEAR scor-
ing between evaluators. The Shapiro-Wilk test was used to
assess the normality of the distribution of the data. One-way
ANOVA was used to compare the means of parametric vari-
ables with Tukey’s honestly significant difference procedure
for pairwise comparisons. For nonparametric variables, the
Kruskal-Wallis test was used, and pairwise comparisons were
performed using the Wilcoxon rank-sum test with Bonferroni
correction. Statistical analyses were performed using R
Statistical Software (version 4.4.1; R Core Team 2024).

RESULTS

Quality Assessment of LLM Responses
The interrater intraclass correlation was 0.784 (95%
CL, 0.716-0.814), indicating good consistency among the

Selected frequently asked donor questions

1. How can | donate a kidney?

2. What are the steps for kidney donation?

3. What are the different kinds of kidney donation?

4. What does the evaluation for a kidney donor involve?

5. What is the age limit for donating a kidney?

6. Do | need medical insurance to donate a kidney?

7. Are there financial incentives to donate a kidney?

8. Can | donate a kidney if | am not a match?

9. Can | get pregnant after donating a kidney?

10. What is a kidney swap?

11. What is advanced kidney donation?

12. What are the contraindications to being a living kidney donor?
13.  wanted to donate a kidney, but | changed my mind.

14. Will my recipient know if | decide not to donate a kidney?
15. How late can | change my mind about kidney donation?
16. Can | get time off work to donate a kidney?

17. How often will | need follow-up after donating a kidney?
18. How should | prepare for kidney donor surgery?

19. What happens during kidney donor surgery?

20. What are the risks of kidney donor surgery?

21. What are the complications of kidney donor surgery?

22. What is the risk of death after kidney donor surgery?

23. What is the risk of needing dialysis after kidney donor surgery?

24, Will | be able to receive a kidney transplant after | donate if | need one?
25. What are the risks of living with one kidney?

26. How long will | stay in the hospital for kidney donor surgery?

27. Will I need medications after kidney donor surgery?

28. Will I have pain after kidney donor surgery?

29. How soon can | eat after kidney donor surgery?

30. How soon can | shower after kidney donor surgery?

31. How soon can | drive after kidney donor surgery?

32. How soon can | have sex after kidney donor surgery?

33. How soon can | return to work after kidney donor surgery?

34. What does the scar from kidney donor surgery look like?

35. Will I have issues obtaining medical insurance after donating a kidney?
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FIGURE 1. Boxplot of CLEAR score distribution. Each box extends to the 1st and 3rd quartile; horizontal lines within the box indicate the

median value. Dots represents CLEAR scores of each of the 35 answers.

evaluators. The 3 LLMs CLEAR score performance was as
follows: ChatGPT median 22 (IQR, 3.67), Google Gemini
median 24.33 (IQR, 2.33), and MedGPT median 23.33 (IQR,
1.88; Figure 1). Subanalysis of each CLEAR tool component
is shown in Table 2, and the detailed scoring sheets are avail-
able in the Supplemental Digital Content (SDC, http://links.
lww.com/TXD/A722).

Questions with lower CLEAR score performance (<20)
were the following: for ChatGPT, questions 3, 5, 6,11, 23, 24,
27, and 34; for Gemini, questions 24 and 34; for MedGPT,
questions 24 and 27.

Readability Assessment of LLM Responses

A response sample is reported in Table 3. Table 4 shows
FRES and FKGL for each of the LLMs assessed. ChatGPT,
Gemini, and MedGPT had mean FRES scores of 37.32 (SD
=10.00), 39.42 (SD = 13.49), and 29.66 (SD = 7.94), respec-
tively, indicating readability at the college student level for
ChatGPT and Gemini, and the college graduate level for
MedGPT. Using the FKGL assessment, ChatGPT had an aver-
age score of 12.29, Gemini of 10.63, and MedGPT of 13.21

(P < 0.001). Gemini had an easier FKGL readability compared
with both ChatGPT (P <0.001) and MedGPT (P < 0.001),
although its readability was still rated as requiring college-
level education.

Presence of Potentially Harmful Information

No examples of grossly unsound medical advice were iden-
tified by the evaluators in any of the 35 answers provided by
each LLM.

DISCUSSION

A number of prospective living donors spend a signifi-
cant amount of time researching and talking to nonrecipi-
ents about living donations.!!! The quality of information
received influences the attitude toward transplantation and
the willingness to donate.1213

Our study found that current LLMs are able to provide
fairly accurate answers to commonly asked questions by
potential living kidney donors. Based on the CLEAR scoring,
Google Gemini provided answers with the highest quality,

CLEAR score component for each of the LLM tested

CLEAR score elements ChatGPT Gemini MedGPT P

Completeness 4.21 4.81 4.68 <0.001
Lack of false information 4.30 475 4.70 0.001
Evidence support 4.31 4.81 4.70 <0.001
Appropriateness 4.24 4.50 4.44 0.152
Relevance 4.41 479 4.55 0.072

ChatGPT, Chat Generative Pretrained Transformer; LLM, large language model; MedGPT, medically oriented ChatGPT iteration.
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Al-generated answer example

Question 2: “What are the steps for kidney donation?”
ChatGPT 40 mini:
Donating a kidney is a significant decision and involves several steps to ensure the health and safety of both the donor and the recipient. Here’s a general outline of the process:
1. Initial consideration and evaluation
¢ Research and information: understand the implications of kidney donation, including the risks and benefits. Speak with healthcare professionals, support groups, and
possibly previous donors.
¢ Contact a transplant center: reach out to a transplant center or hospital specializing in kidney transplants to express your interest in donating.
2. Predonation assessment
o Medical history review: you will undergo a thorough review of your medical history to ensure you are a suitable candidate.
¢ Physical examination: a complete physical examination will be conducted to assess your overall health.
e Laboratory tests: tests will include blood work to check your kidney function, blood type compatibility, and other health indicators.
¢ Imaging studies: you may need imaging tests like an ultrasound or CT scan to evaluate the anatomy of your kidneys and assess their health.
3. Psychological evaluation
¢ Gounseling: a psychological evaluation is often required to ensure that you are mentally and emotionally prepared for donation. This step is crucial for assessing the
psychological impact and making sure you have a strong support system.
4. Matching and compatibility
o Gompatibility testing: tests will determine if your kidney is a good match for the recipient. This includes blood type matching and tissue typing.
* Recipient evaluation: the transplant center will assess the recipient’s health and suitability for receiving a kidney.
5. Informed consent
¢ Gonsent form: if you are deemed suitable, you'll receive detailed information about the procedure, risks, and recovery. You will need to provide informed consent
before proceeding.
6. Surgical preparation
¢ Preoperative instructions: follow instructions for diet, medication, and any other preparations required before surgery.
¢ Anesthesia consultation: you will meet with an anesthesiologist to discuss the anesthesia process and address any concerns.
7. Surgery
e Procedure: kidney donation is typically performed via laparoscopic surgery, which is minimally invasive. In some cases, an open surgery may be necessary.
 Hospital stay: after surgery, you'll stay in the hospital for a few days for monitoring and recovery.
8. Postoperative care
* Recovery: Follow postoperative care instructions, which include pain management, wound care, and activity restrictions.
e Follow-up appointments: regular follow-up appointments will be scheduled to monitor your recovery and kidney function.
9. Long-term follow-up
¢ Health monitoring: long-term follow-up involves monitoring your overall health and kidney function to ensure there are no issues after donation.
10. Support and counseling
¢ Emotional support: ongoing support and counseling may be helpful as you adjust to life after donation.
Each transplant center may have specific protocols and additional requirements, so it is important to follow the guidance provided by the healthcare professionals involved in
your case.
Google Gemini:
Steps for kidney donation
Donating a kidney is a selfless act that can save a life.
Here is a general overview of the process:
1. Decision and research
Consider your reasons: understand why you want to donate a kidney.
Learn about the process: educate yourself about kidney donation, including the surgical procedure, recovery time, and potential risks.
2. Contact a transplant center
Find a transplant center: locate a transplant center near you.
Initial evaluation: contact the center to inquire about becoming a living donor and schedule an initial evaluation.
3. Medical evaluation
Comprehensive tests: undergo a thorough medical evaluation, including blood tests, urine tests, imaging studies, and psychological assessment.
Compatibility testing: if you are medically cleared, you will undergo tests to determine your blood type and tissue compatibility with a potential recipient.
4. Matching with a recipient
Donor-recipient match: if you are a suitable donor, you may be matched with a recipient who needs a kidney transplant.
Matching criteria: compatibility factors such as blood type, tissue type, and medical urgency are considered.
5. Surgical procedure
Kidney removal: the surgical procedure to remove a kidney is typically laparoscopic, involving minimal incisions.
Recovery: the recovery period varies but generally involves several weeks of rest and recuperation.
6. Follow-up care
Long-term monitoring: you will need regular checkups to monitor your overall health and kidney function.
Support and counseling: Many transplant centers offer support groups and counseling services for donors.
Important considerations:
Altruistic donation: most living donor programs prioritize donors who donate to an anonymous recipient.
Directed donation: in some cases, you may donate to a specific person you know.
Financial implications: although many transplant centers cover some costs, it is essential to be aware of potential expenses.
Remember: the kidney donation process can vary depending on the specific transplant center. It is crucial to discuss all aspects of the donation with your healthcare provider.
Would you like to know more about the potential risks and benefits of kidney donation?

(Continued)
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Continued
MedGPT:

Kidney donation involves several key steps, whether it is through a deceased donor program or a living donor. Here is a general outline of the process:

1. Decision to donate

Deceased donors: individuals may express their wish to donate their organs upon death through a donor registry, a driver’s license, or a will.
Living donors: individuals voluntarily choose to donate one of their kidneys, often to a relative or friend, but sometimes to a stranger.

2. Medical evaluation

For living donors: a comprehensive medical evaluation ensures the donor is in good health and suitable for donation. This includes

o Medical history review.

 Physical examination.

* Blood tests to determine compatibility.

 Imaging studies (eg, CT scans) to assess kidney structure and function.

e Psychological evaluation to ensure the donor fully understands the implications.

3. Matching and compatibility testing
Blood type compatibility.
Tissue typing (HLA typing) to check for immune system compatibility.
Crossmatch testing to check for antibodies that might reject the kidney.
4. Legal and ethical considerations
Informed consent: donors must be fully informed of the risks and implications.

Independent donor advocate: to ensure the donor’s decision is voluntary and well informed.

5. Surgical procedure

For living donors: the donor undergoes surgery to remove one kidney, typically using minimally invasive laparoscopic techniques.
For deceased donors: organs are recovered shortly after the declaration of brain death or cardiac death.

6. Postdonation care
Monitoring for complications (eg, infection, bleeding).
Long-term follow-up to monitor kidney function and overall health.
Psychological support if needed.

7. Recovery and follow-up

Living donors: usually, donors recover within a few weeks, but long-term monitoring is essential to ensure continued health.
Recipients: recipients also undergo surgery and must take immunosuppressive medications to prevent organ rejection.

Considerations and additional resources

For donors: understanding the risks, benefits, and implications of kidney donation is crucial.
For recipients: managing expectations regarding surgery outcomes and the necessity of lifelong medical care and medication.
For more detailed information and guidance, individuals considering donation should consult healthcare professionals and refer to reputable sources such as NHS Organ

Donation or the National Kidney Foundation.

Always consult with a healthcare provider for personalized advice and to ensure all medical and ethical guidelines are followed.

Al, artificial intelligence; ChatGPT, Chat Generative Pretrained Transformer; CT, computed tomography; MedGPT, medically oriented ChatGPT iteration; NHS, National Health Service.

Mean FRES and mean FKGL for the LLM models tested

ChatGPT Gemini MedGPT P
FRES(SD)  37.32(10.00)  39.42 (13.49)  29.66(7.94)  0.001
FKGL(SD)  12.29 (1.74) 10.63 (1.98) 13.21(1.40)  0.001

FRES interpretation:0-30, college graduate level (very difficult to read); 30-50, college level (dif-
ficult to read); 50-60, 10th—12th-grade level (fairly difficult to read); and 60-70, 8th—9th-grade
level (plain English).

FKGL indicates the approximate number of years of formal education needed to understand a text.
A score of 12 indicates a 12-grade readability.

ChatGPT, Chat Generative Pretrained Transformer; FKGL, Flesch-Kincaid Grade Level; FRES,
Flesch-Kincaid Reading Ease Score; LLM, large language model; MedGPT, medically oriented
ChatGPT iteration.

followed by MedGPT and ChatGPT. Although sometimes
responses included redundant, irrelevant, or slightly inaccu-
rate information, no instances of potentially dangerous medi-
cal advice were found in our review. An example of inaccurate
information can be found in the answer to question 5 (“What
is the age limit for donating a kidney?”). The response of
ChatGPT was that donors have to be between the ages of 18
and 65 y (although “some programs may accept donors up to
70”); Gemini reported that “There is no official maximum age
limit for donating a kidney [...] individuals in their 50s, 60s,
and even 70s have successfully donated kidneys” but did not
report a minimum age for donating (incomplete information),

and MedGPT correctly reported that “the typical minimum
age for living kidney donation is 18 y” and there is “no upper
age limit for living donation in many countries, but older
donors [...] are carefully evaluated.” The absence of poten-
tially dangerous medical advice is reassuring, but it can also be
attributed to the nature of the questions, which were mostly
focused on gathering information rather than seeking medical
advice. When analyzing the readability of Al-generated text,
we found that responses were fairly complex, with Google
Gemini and ChatGPT producing responses at the college edu-
cation level and MedGPT producing answers at the college
graduate level.

Access to information technology has changed the way
patients and caregivers can gather information on medical
conditions and their treatments.!4!S LLMs have the advantage
over traditional search engines of analyzing large amounts
of data and synthesizing these results in a succinct answer.16
This capability can facilitate the provision of medical infor-
mation to prospective kidney donors who would otherwise
collect this information on their own from different websites
and online forums. Although many quality resources are
available online for prospective kidney donors, access to that
information almost invariably goes through a search engine,
a field in which Google currently shares >80% of searches.!”
Prospective kidney donors may not necessarily seek LLMs to
answer common questions about kidney donation; however,
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the integration of Gemini in Google search responses (“Al
Overview”) will inevitably make this technology more rel-
evant for donors seeking information online. Our study
demonstrated that, although there were some differences, 2
generalist LLMs (ChatGPT and Gemini) were able to provide
adequately appropriate answers about living kidney donation.
The use of a medically oriented ChatGPT iteration (MedGPT)
provided more accurate answers compared with its base LLM
but decreased the readability of the text.

Overall, the level of education required to understand
LLM-generated answers was at the college level and beyond.
For comparison, the living donor section on the National
Kidney Foundation website has a readability at the 10th-grade
level. The American Medical Association and the Agency for
Healthcare Research and Quality recommend patient educa-
tion material to be written at the S5th—-6th-grade level.18.19

Prospective living donors are disproportionally highly
educated,?0 and the introduction of new technology has the
potential to further exacerbate disparities in transplantation.
However, unlike websites, LLMs can modulate the com-
plexity of their answers to different levels of education if
appropriately prompted by the user.2! This capability has the
potential to decrease the knowledge gap between users with
different levels of education. Prior research has shown that
free LLM software is effective in increasing the readability
of patient education material published on specialty medical
websites.2224

One of the severe limitations of LLMs is the lack or lim-
ited provision of sources of information. A commonly used
tool to evaluate the reliability of online medical information
is the JAMA Benchmark criteria,? which scores online medi-
cal information on a scale from 0 to 4, based on the provi-
sion of information on 4 categories: (1) authorship (who is the
author, and what are their credentials/affiliations?), (2) attri-
bution (what are the sources of the information provided?),
(3) currency (when was the content created/updated?), and
(4) disclosure (who owns the website, and what are their con-
flicts of interest?). LLMs fall severely short on most of these
criteria. By design, ChatGPT does not provide sources for its
generated text, even when prompted. Gemini provides a few
sources in the form of links to websites. MedGPT, in a few
instances, provided links to PubMed literature, although, in
>1 case, the links did not correspond to articles that were
related to the topic of the text.

Our study has several limitations. First, the evaluation of
the accuracy of Al-generated text was based on the CLEAR
scale, which is, by design, a subjective assessment that
requires validation on a large scale. Second, the list of que-
ries is not exhaustive of the many potential questions a donor
may ask. Third, although the resources used in this study
are free software, there may be differences in ease of access
to them. ChatGPT-40 mini is a version of ChatGPT that
does not require a user login. MedGPT is a ChatGPT itera-
tion that requires a user login to the main ChatGPT appli-
cation. Google Gemini generates Al Overview responses
directly from the Google search engine (without the need for
logging onto a specific LLM application); however, this fea-
ture is available only to users with a Google account, and it
is not always offered to all search engine queries. Fourth, we
limited our analysis to a quality and readability assessment,
and we did not investigate other important measures of effec-
tive medical communication, such as empathy and cultural
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sensitivity. Fifth, the design of the study was limited to the
English language.

LLMs are clearly powerful tools that have the potential to
change the landscape of healthcare. They are able to provide
the near-human level of medical translation.?s In recent stud-
ies, ChatGPT achieved passing scores in the United States
Medical Licensing Examination examination and provided
answers to medical questions that outperformed physicians’
answers in both quality and empathy.2728 The potential of
AT use in research, medical record management, and medi-
cal data interpretation is enormous. Although caution is nec-
essary in all these fields, it is a matter of fact that patients
already use (and will use in the future) LLMs to obtain medi-
cal information. As transplant providers, we have a duty to
familiarize ourselves with this technology and its shortcom-
ings to empower our patients to make appropriate decisions
in their path to kidney donation.
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