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Introduction

« After a kidney transplant, patient will need |lifelong
Immunosuppressants and this necessitates accessible, accurate,
and empathetic patient education.

* Generative artificial intelligence (Al) models have emerged as
tools to assist in patient interaction

* However, its role in patient education on immunosuppression post-
kidney transplantation remains uncertain.



Aim

* This study aims to compare the performance of four accessible Al
models as stated below in handling questions related to
Immunosuppression post-kidney transplantation.

1. ChatGPT (3.5)
2. Gemini (2.0 Flash)

3. Grok(3) &) chatapt

4. DeepSeek (V3)



Standardized

Questionson |
Immunosuppression |

Post-Kidney i

Transplantation

R O
* 11 standardized immunosuppression post-kidney transplantation
questions were input into each Al model
* with a response word limit of 300 on 2 occasions, 14 days apart backin
March 2025

* The outputs were anonymized and independently evaluated by 3
nephrologists and 1 pharmacist -

* 5-point Likert scale across five domains:

Clarity and
Appropriateness comprehensiveness
Personalization
and relevance

Human-like
empathy



Questions/ Prompts used

e All starts with:
* “l am a kidney transplant patient. | would like to ask........

* All ends with:
- “Kindly limit the response to 300 words”

* Example:

Question 1. I am a kidney transplant patient. | would like to ask
Kindly limit the
response to 300 words




Other questions include

Can | ever stop taking my immunosuppressive medications after a kidney transplant?
What should | do if | miss one dose of the anti-rejection medications?

Common side effects of tacrolimus?

Common side effects of mycophenolate mofetil?

Common side effects of steroids (or prednisolone)?

Do all kidney transplant recipients need steroids?

Should | get vaccines after a kidney transplant?

Can | get pregnant or father a child while taking anti-rejection medications after my
kidney transplant?

How do anti-rejection drugs for kidney transplant affect my risk of cancer?
How do | know if the anti-rejection medications dosage for kidney transplant is enough?



Methods (2)

* Data were analyzed using for ranked data and
post-hoc pairwise comparisons via the

* Inter-rater reliability was assessed using Kendall’s W.



Result (1)

. . Grok Dominated in
Descriptive analysis 4 out of 5 Categories
scored ~ N

* Appropriateness 4.48+0.70
* Personalization and relevance 4.09+0.60
e Consistency 4.34+0.53

* Human-like empathy 4.05+0.75 e Reloraace. "Empatty
: . . ChatGPT Excelled
* ChatGPT has the highest mean score in clarity : e

in Clarity

and comprehensiveness domain (4.52+0.51).

Clarity &
Comprehensiveness



Result (2

* Friedman
demonstrated
significant

test

difference

between Al models in

clarity and
comprehensiveness
personalization and
relevance

consistency

human-like empathy

Appropriatanass

Clarity and comprahensivern as

Parsonalization and relava ica

Consistancy

Human-like empathy

Ovarell scores

*Stafistically significant (p<0.0

Average ranking

[Lower is better)

Further analysis not done a3 Friedman test was not significant

-

-

g Lo

. Grok (2.15)
. ChatGPT [2.16)
DeepSeak (2.70)

a) Gemini (2.99)

rok (1.77)

hatGPT [2.50)
Gamini (2.77)
DeapSeak (2.95)

Jprok (2.17)
ChatGRT (2.47)
Gamini (2.64)
DeepSeak (2.73)

Grok (1.72)

A Gamini (2.70)

1
2
3
4

. ChatGPT (2.74)
. DeepSesk (2.84)

. Grok (1.62)

. ChatGPT (2.47)

. Gemini (2.92)

. DeepSesk (2.598)

Post-hoc pairwise

comparison via Memenyi test | [Nemanyi

DeepSesk - ChatGPT
Gemini - ChatGPT
Grok - ChetGRT
Gemini- DeapSeek
Grok - DeepSeeak
Grok - Gemini

DeepSesk - ChatGPT
Gemini - ChatGPT
Grok - ChatGPT
Gemini- DeapSeek
Grok - DeapSeak
Grok - Gemini
DeepSeek - ChatGPT
Gemini - ChatGPT
Grok - ChetGRT
Gemini- Desp5eek
Grok - DeepSeeak
Grok - Gamini

DeepSesk - ChatGPT
Gemini - ChatGPT
Grok - ChatGPT
Gemini- DeapSeek
Grok - DeapSeak
Grok - Gemini

DeepSesk - ChatGPT
Gemini - ChatGPT
Grok - ChatGPT
Gemini- DeapSeek
Grok - DeapSeak
Grok - Gemini

Table 1: Friedman test between 4 Al tGPT. DeepSeek, Gemmni, Grok) and post-hoc palraise comparisons via Nemenyl test

g-valua

2.803
4.262
0.058
1.480
2.881
431

2,335
1.401
3.737
0.8934
6.072
5.138

1.343
0.6876
1.518
0.467
2.881
2,384

0.525
0.175
5.255
0.701
5.760
5.080

2,686
2.335
4.31
0.350
7.006
6.656

p-valus

{(Memanyi test)

0.194
0.014*
1.000
0.730
0.1749
g.012*

0.349
0.755
0.041*
0.812
<0.001*
0.002*

0.778
0.526
0.706
0.588
0.179
0.327

0.882
0.5999
o.001*
0.860
<0.001*
o.002*

0.228
0.350
g.012*
0.5985
<0.001*
<0.001*



Table 1: Friedman test between 4 Al models (ChatGPT, DeepSeeak, Gemini, Grok) and post-hac paireise comparisons via Memenyi teat

Result (3

p-valua

Average ranking Post-hoc pairwise p-valus

(Friadman [Lower is better) comparison via Memenyi test | [Nemanyi {(Memanyi test)

B 5

*Stafistically significant {p<0.05)

hd Appropriateness 0070 Further analysis not done a3 Friedman test was not significant
([ - l I I
PO St h O C C 0 p a r I S O n Clarity and comprahensivenass £4/8:[5 L 1. Grok (2.15) DeepSesk - ChatGPT 2.803 0184
o Gemini - ChatGPT 4.262 0.014*
Showed that N 2.ChatGPT(216) & ok ChataPT 0.058 1.000
3. DeepSeak (2.70] Gemini - DeapSaek 1.480 0.730
. . 4. Gamini |:2 gg:l Grok - D‘EEPEH‘Ek 2,861 0.179
I n o Grok - Gemini 4.3 .012*
Parsonelization and relavance [E:DhR 1. Grok (1.77) DeepSesk - ChatGPT 2,335 0.34%
H Gemini - ChatGPT 1.401 0.755
¢ C l-a rlty a n d 2. CharGPT (2.50) Grok - ChatGPT 3.737 0.041*
. 3. Gamini (2.77) Gemini - DeapSaek 0.934 0812
com p e h ensiveness 4. DeepSeak (2.95) o -n s ::‘;2 :“‘;::'
- Gamin g .
° (G rok > Gemin |) 0.014* 1. Grok (2.17) DeepSaek - ChatGPT 1.343 0.778
2. ChatGPT (2.47) Gemini - ChatGPT 0.6876 0.5926
. . Grok - ChetGRT 1.518 0.706
* Personalization and 3.Gemini(2.64)  Gemini- DeapSaek 0.467 0.888
4. DeepSeak (2.73) Grok - DeepSeeak 2.881 0175
Fe leva nce Grok - Gamini 2.394 0.327
Human-like empathy =0.001* 1. Grok (1.72) DeepSesk - ChatGPT 0.525 0.8962
* (Grok>  Chat  GPT, 2commam _Somm oW oy 0%
Tall 3. ChatGPT (2.74) Gemini- DeapSeek 0.701 0560
Dee pSeek, Gemin ) 4. DaspSeak (2.84) Orok- DespSesk 5.780 <0.001*
o H l. k h Grok - Gemini 5.080 o.002*
u m a n - I e e m p at y Ovarall scores =0.001* 1. Grok (1.62) DeepSesk - ChatGPT 2. 686 0.228
5 ChatGPT (2.47 Gemini - ChatGPT 2,335 0.350
o (G rok> Chat GPT (CRStGPT2AT) 6ok - ChataPT 4.321 0.012*
o ) 3. Gamini (2.92) Gemini - DeapSesk 0.350 0.895
Dee pSee k, Gemin I) 4. DeepSesk (2.99)  @rok-DespSeek Lot i
Grok - Gemini 6.656 <0.001*



Result (4)

* Overall performance also
differed significantly

* Grok ranking significantly
higher than ChatGPT,
Gemini and DeepSeek.

* The average ranks of Grok
(best), ChatGPT, Gemini
and DeepSeek (worst)
were 1.62, 2.47, 2.92 and
2.99 respectively.

Grok is the Clear
Table 1: Friedman test between 4 Al models (ChatGPT, DeepSeek, Gemini, overall WI nner

Significant performance difference
(Friadman [Lower s battar) (p<0001 ), ranking hlghest
proprigtaness 0070 Furthar analysis not d
Clarity and comprahensivenass £48:[ 5L 1. Grok (2.15)
2. ChatGPT (2.16)
3. DeepSeak (2.70)

4. Gemini (2.99)

Parsonelization and relavance [E:DER 1. Grok (1.77)

2. ChatGPT (2.50)
3. Gemini (2.77)

4. DeepSeak (2.85)

Cons. ‘ancy o.014* 1. Grok (2.17)

Average

St | Rank:1.62
3. Gamini (2.64) Y
4. DeepSeek (2.73) 2nd Place:
ChatGPT
Human-like empathy =0.001* 1. Grok (1.72) Average Rank: 1

2. Gamini (2.70)
3. ChavGPT (2.74)
4. DeepSeak (2.84)

Ovarall scores =0.001* 1. Grok (1.62)

2. ChatGPT [2.47)
3. Garmini (2.92)

4. DpepSeak (2.98)

4th Place: DeepSeek

*Statistically significant (p<0.05) szweerStggeégorkmgngcge.
a nK: Z.



Result (5)

The lack of inter-rater agreement across domains reflects the
subjective nature of evaluating Al content.



Discussion

over ChatGPT,
Gemini and DeepSeek in our study

* Only Gemini provided the reference that was used for its
responses

 \We have used the free version of each Al models as itis more
accessible to the public

* Bias is reduced by:
* Standardization of using free version of Al models
* Blinded responses were given to assessors



Limitations

* This study does not include other Al models in the market

* Assessor fatigue was also commented due to the long responses
that assessors need to go through which might affect the scoring
of responses (especially the final few questions)




How are we going forward? Ij

==

» Al field is progressing at a speed of knot -

* Constant reassessments are needed as Al models are improving
individually

* There might be huge difference between free services or paid

services
* Further studies are suggested to compare between paid and free services




Conclusion

* This study highlights In the quality
of Al-generated responses to immunosuppression
post-kidney transplantation questions.

N

nephrology education, provided they are guided by
to ensure contextual

relevance and personalized content. |
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