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ABSTRACT 

Solid organ transplantation significantly enhances the survival and quality of life for patients 

with severe organ dysfunction. However, transplanted patients need lifelong 

Immunosuppressive Therapy (IST) to prevent organ rejection. Adherence to IST is critical, as 

non-adherence can lead to severe consequences, including organ failure and elevated healthcare 

costs. Challenges in IST adherence are prevalent globally, impacting patient outcomes and 

burdening healthcare systems. In this context, this study aims to identify how artificial 

intelligence (AI) can help transplant patients adhere to ISTs and improve their quality of life. 

We conducted a scoping review, searching five databases in March 2024. After a critical 

appraisal of the articles initially retrieved, 23 studies were included in this review. The results 

indicate that AI and health information technology hold significant promise for supporting 

transplant patients and improving their quality of life and adherence to IST. However, these 

results should be analyzed carefully due to the methodological limitations present in the 

analyzed studies. We identified the major limitations of the analyzed studies. We argued that 

studies involving more significant, more diverse populations, more extended follow-up periods, 

and more rigorous designs are essential to understand and fully optimize the AI potential. 
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1 INTRODUCTION 

 

Solid organ transplantation can save and improve the quality of life of countless patients 

with severe functional impairment of one or more vital organs. However, every transplant 

patient must take medication for the rest of their life – Immunosuppressive Therapy (IST) – to 

increase the chances of their body accepting the transplanted organ (Almeida, Araujo, Roza, 

Siqueira, & Rocha, 2021). Thus, adherence to immunosuppressant therapy is crucial for solid-

organ transplant recipients, as non-adherence to treatment after transplant surgery is a risk factor 

that can lead to decreased graft function, increased morbidity, and healthcare costs. It turns out 

that non-adherence to ISTs is a common and complex problem after solid organ transplantation, 

burdening healthcare systems in both developed and developing countries and affecting 

patients' health outcomes and quality of life (Chisholm, 2012; Schäfer-Keller, Steiger, Bock, 

Denhaerynck, & Geest, 2008; Shih & Tsai, 2014). Adherence to therapy can be defined as the 

process by which patients take their medication as prescribed. More specifically, medication 

adherence refers to the degree or extent of conformity to recommendations about day-to-day 

treatment by the provider concerning timing, dosage, and frequency (Cramer et al., 2008; 

Vrijens et al., 2012). In turn, quality of life (QOL) can be defined as physical, mental, and social 

well-being (Testa & Simonson, 1996). 

In Brazil, non-adherence to immunosuppressants is prevalent among transplant 

recipients, negatively impacting these patients’ quality of life (Fuzinatto, Marin, & Maissiat, 

2013; Sanders-Pinheiro et al., 2020; Sanders-Pinheiro, Colugnati, Marsicano, De Geest, & 

Medina, 2018). The high incidence of non-adherence to immunosuppressive medication among 

transplant recipients calls for new solutions to enhance patient engagement and education. 

Mellon et al. (2022) conducted a systematic literature review to examine the benefits and harms 

of interventions for increasing adherence to immunosuppressant therapies in solid organ 

transplant recipients, including adults and children with heart, lung, kidney, liver, and pancreas 

transplants. Their results indicate that interventions to increase immunosuppressant adherence 

in solid organ transplant recipients show uncertain evidence of improving medication adherence 

and reducing graft failure. In this regard, the literature has indicated that new technologies, 

including mobile health applications, intensified care programs, and automated reminder 

systems, can help patients adhere to medication (Alves, da Silva, Schmitz, & Alencar, 2020; 

Cossart, Staatz, Campbell, Isbel, & Cottrell, 2018; Joost, Dörje, Schwitulla, Eckardt, & Hugo, 

2014; Levine, Torabi, Choinski, Rocca, & Graham, 2019; Reese et al., 2017). 

In recent years, artificial intelligence (AI) has gained significant prominence, and its 
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rapid evolution has impacted various aspects of medicine and healthcare, enhancing diagnostic 

accuracy, improving patient care, and transforming workflows (F. Jiang et al., 2017; Kaul, 

Enslin, & Gross, 2020). AI includes diverse techniques aimed at developing systems capable of 

emulating human intelligence, from basic task execution to complex problem-solving. One 

prominent subset of AI is Machine Learning (ML), which focuses on identifying patterns within 

datasets to enable machines to learn and adapt without explicit programming. Deep Learning 

(DL), a subset of ML, utilizes neural networks to process data hierarchically. DL excels in 

handling unstructured data like images, audio, and text, enabling image recognition and natural 

language processing tasks. Generative AI, a subset of DL, specializes in producing text, images, 

or code based on input data and has gained widespread use with the release of ChatGPT 

(OpenAI, 2021), further popularizing generative AI applications across various fields. AI 

applications in medicine and healthcare include improving diagnostics, aiding medical imaging 

analysis, enabling personalized treatment plans, facilitating remote health monitoring, 

supporting telemedicine through virtual health assistants and chatbots, streamlining 

administrative workflows by automating tasks like medical coding and billing, enhancing 

precision and minimally invasive procedures with surgical robotics (Beam et al., 2023; Hamet 

& Tremblay, 2017; Montaleão Brum Alves, Ferreira da Silva, Assis Schmitz, & Juarez Alencar, 

2022). 

Specifically concerning transplants, artificial intelligence can help improve patient's 

adherence to medications and enhance healthcare professionals' ability to guide patients toward 

optimal health status (Eggerth, Hayn, & Schreier, 2019). AI can also detect and monitor 

medication self-administration errors, potentially improving medication safety with minimal 

overhead for patients and health professionals (Zhao, Hoti, Wang, Raghu, & Katabi, 2021). 

Labovitz, Shafner, Reyes Gil, Virmani, and Hanina (2017) evaluated the use of an 

artificial intelligence platform on mobile devices in measuring and increasing medication 

adherence in stroke patients on anticoagulation therapy and concluded that these devices can 

increase medication adherence. Likewise, the study conducted by Bain et al. (2017) revealed 

that AI platforms on mobile devices can increase medication adherence and predict future 

nonadherence in schizophrenia patients. However, the literature regarding the application of AI 

to improve patient's quality of life and adherence to immunosuppressive therapy still needs to 

be explored. Levine et al. (2019) argue that mHealth apps and smart watches are promising 

strategies for increasing medication adherence in transplant recipients, but further research is 

needed to determine their best use. Seyahi and Ozcan (2021) conducted a literature review on 
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the theme and concluded that AI and, more specifically, machine learning techniques improve 

kidney transplantation by accelerating evaluation, standardization, and providing personalized 

patient care. 

In this context, the proposed research aims to identify how artificial intelligence (AI) 

can help transplant patients adhere to immunosuppressive therapy, improving their quality of 

life. In summary, the general research question is: how can artificial intelligence help transplant 

patients adhere to ITSs and enhance their quality of life? To answer this question, this study 

collects and organizes evidence regarding the theme through a scoping literature review. As a 

theoretical framework to analyze the studies, we applied the three factors proposed by Dellande, 

Gilly, and Graham (2004) as necessary for encouraging patients to adhere to prescribed health 

treatments: role clarity - knowledge and understanding of what needs to be done, what activities 

need to be performed; ability - customers’ ability to do what they are supposed to do; and 

motivation - incentives that consumers have to play their role. Within our literature review, we 

also depict, as a secondary objective, the limitations found by these studies. 

 

2 METHODOLOGICAL PROCEDURES 

 

The method chosen was a scoping review, as it allows the identification and 

understanding of existing literature, providing a broad map of the evidence on the theme 

investigated (Armstrong, Hall, Doyle, & Waters, 2011; Lockwood, dos Santos, & Pap, 2019).  

The search was carried out in March 2024 in the databases EBSCO, Scopus, PUBMED, 

the Virtual Health Library (VHL),  and Web of Science by combining the following terms: 

"artificial intelligence” AND (“transplant patient*” OR posttransplant* OR post transplantation 

OR post-transplantation OR transplant*) AND (adherence OR adhesion OR compliance OR 

non-adherence OR non-compliance) AND (immunosuppressant* OR immunosuppressive* OR 

treatment OR care OR medication* OR medicine* OR drugs), in Portuguese, Spanish and 

English. The established inclusion criteria were academic articles published in journals with 

abstract and full text available. There was no restriction on the year of publication, resulting in 

articles published from 2008 to 2024.  

The eligibility criteria for our study limited the nature of texts to academic articles, with full 

online texts available, written in either English, Spanish, or Portuguese. We excluded not 

academic articles (e.g., letters, commentaries, and correspondences), studies focused on clinical 

aspects and the pre-transplantation stage. Aiming at a broad chronological examination of the 



 

5 
 

topic, no filters were applied regarding the year of publication and the journal's impact factor. 

We also decided to include systematic literature reviews in the articles analyzed in this scoping 

review, as we intend to map the evidence on the theme and identify knowledge gaps, scope a 

body of literature, clarify concepts, or investigate research conduct (Munn et al., 2018). We 

conducted the snowballing strategic searching of the references of previous systematic reviews 

to identify articles adherent to our research. Figure 1 presents the PRISMA protocol applied in 

this research to identify, assess, and select existing studies (Page et al., 2021). 

 

Figure 1. Diagram of selection and evaluation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Based on the PRISMA flow diagram (Page et al., 2021) 

 

Records identified from: 
Scopus = 29 
Ebsco = 14 
BVS = 04 
PubMed = 10 
WOS = 08 

Records removed before the 
screening: 

Duplicate records removed  
(n = 20) 

Records screened 
(n = 45) 

Records excluded: 
Not academic articles (n = 7) 

Reports sought for retrieval 
(n = 38) 

Reports not retrieved 
without access to the full article  
(n = 1) 

Reports assessed for eligibility 
(n = 37) 

Reports excluded: 
Not focused on transplant  
(n = 25) 
Clinical Focus (n =5) 
Focused on pre-transplant  
(n = 1) 

Studies included (n = 6) 

Identification of studies via databases and registers 

Id
e

n
ti

fi
c
a

ti
o

n
 

S
c

re
e

n
in

g
 

 
In

c
lu

d
e
d

 

Snowballing (N = 17) 

Studies included in this review 
 (n = 23) 



 

6 
 

The authors performed data extraction using a standardized Microsoft Excel 

spreadsheet, in which columns represent the categories of analysis. The 23 included 

publications were classified according to several descriptive and analytical aspects to present a 

comprehensive analysis of the theme: authors; year and journal of publication; number of 

citations; country where the research was conducted; research objective; methodological 

approach; type of platform investigated; main findings; how AI can assist transplant patients in 

adhering to immunosuppressants and improve their quality of life – role clarity, ability or 

motivation; and main research limitations. 

 

3 DISCUSSION AND DATA ANALYSIS 

 

3.1 Characteristics of Studies  

The 23 selected studies were published between 2008 and 2024 in 19 scholarly journals 

(Table 1). The most frequent country is the United States (12/23;52%), followed by Spain, with 

two articles (9%), and China and South Korea with one study each (4%). Different methods 

were applied to the methodology; the most frequently used were the Randomized Controlled 

Trial (RCT) (6/23;26%) and Systematic Literature Review (SLR) (7/23;30%). The RCT studies 

present a sample size ranging from N = 30 to N = 450. Half of the selected papers (50%) 

investigated a mHealth application, a general term for the use of mobile phones and other 

wireless technology in medical care. Regarding the outcomes in terms of adherence – role 

clarity, ability, or motivation, nine articles reported improvement in role clarity (9/23;39%) and 

nine in patients' ability (9/23;39%), while the focus on motivation was present in only four 

studies (4/23;17%). Some articles reported more than one outcome. Figure 1 presents outcomes 

and sample size used in the studies organized by year. 
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Figure 1.  Outcome and Sample Size by Year (Source: Authors own work) 
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Table 1 – Characteristics of the studies 

Authors 

(Year); 

Country 

Journal; 

Citation 

Research 

objective 

(Platform) 

Methodol

ogical 

approach 

(Sample 

Size) 

Main 

findings 

Adherence 

and QOL 

outcome 

Research 

limitation

s 

Staes et 

al. 

(2008); 

USA 

Journal of 

the 

American 

Medical 

Informatic

s 

Associatio

n; 39 

Evaluate the 

impact of 

computerized 

alerts on 

outpatient 

laboratory 

monitoring 

for transplant 

patients. 

(medical 

device) 

Observatio
nal Study 

(Not 

Applicable

) 

Improved 

completeness 

and 

timeliness of 

reporting due 

to 

computerized 

alerts. 

Improves 

efficiency 

and timely 

management 

of lab results. 

(ROLE 

CLARITY) 

Assumptio

ns on 

routine 

chemistry 

results, 

reliability 

of alerts, 

and 

enrollment 

delays. 

DeVito 

Dabbs et 

al. 

(2009); 

USA 

Clinical 

Transplant

ation; 91 

Assess the 

efficacy of a 

mobile 

assistant 

(Pocket 

PATH) in 

promoting 

self-care and 

quality of life 

post-lung 

transplantatio

n (mHealth - 

Pocket 

PATH) 

Randomize
d 
Controlled 
Pilot Trial 
(n=30) 

Higher self-

care agency 

and 

behaviors, 

better quality 

of life in the 

Pocket PATH 

group. 

Enhances 

self-

monitoring 

and 

adherence 

and 

encourages 

timely 

healthcare 

communicati

on. (ROLE 

CLARITY 

AND 

ABILITY) 

Small 

sample 

size, short 

follow-up. 

 Park et 

al. 

(2010); 

USA 

Journal of 

the 

American 

Medical 

Informatic

s 

Associatio

n; 15 

Investigate if 

an automated 

clinical 

management 

system 

improves 

outcomes in 

transplant 

recipients' 

medication 

management 

(clinical 

management 

system) 

Retrospect
ive Cohort 
Study (Not 

applicable) 

Fewer 

rejection 

episodes and 

toxicity 

events, cost-

effective, 

improving 

the quality of 

life for years. 

Efficient 

management 

of therapy, 

reducing 

complication

s and 

response time 

for 

adjustments, 

leading to 

better patient 

care and 

adherence. 

(ROLE 

CLARITY) 

Observatio

nal, not 

randomize

d, 

unmeasure

d 

confounde

rs 

John 

William 

McGillic

uddy et 

al. 

(2013); 

Journal of 

Medical 

Internet 

Research; 

178 

Assess renal 

transplant 

recipients’ 

attitudes 

towards 

mobile-based 

Survey 
(n=99) 

Positive 

attitude 

towards 

mobile health 

monitoring. 

Provides 

personalized 

reminders, 

tracks 

medication, 

and offers 

Limited to 

a single 

center, 

interest 

may not 
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USA remote 

monitoring 

and 

management. 

(mHealth) 

educational 

support. 

(ABILITY 

AND 

MOTVATIO

N) 

translate to 

actual use. 

Dabbs et 

al. 

(2016); 

USA 

Telemedici

ne and e-

Health;114 

Compare a 

computer-

based 

Bayesian 

algorithm 

with a 

manual nurse 

decision 

process for 

clinical 

intervention 

triage in lung 

transplant 

recipients. 

(mHealth) 

Randomize
d 
Controlled 
Trial 
(n=65) 

No 

significant 

differences in 

clinical 

outcomes 

between 

groups. 

Aids in early 

detection and 

triage of 

complication

s (ROLE 

CLARITY) 

Small 

sample 

size, 

broader 

implement

ation; 

needs 

more data. 

John W 

McGillic

uddy et 

al. 

(2015); 

USA 

Progress in 

Transplant

ation; 59 

Evaluate the 

long-term 

sustainability 

of improved 

blood 

pressure 

control via a 

mobile health 

pilot program 

in kidney 

transplant 

recipients. 

(mHealth) 

Retrospect
ive 
Analysis: A 

Generalize

d Linear 

Mixed 

Model 

(GLMM) 

was used 

to assess 

clinic-

recorded 

blood 

pressure 

post-trial 

from 

patient 

medical 

records. 

(n=18) 

Significant 

reduction in 

systolic blood 

pressure at 

12-month 

follow-up. 

Enhances 

long-term 

self-

management 

and clinical 

outcomes. 

(ABILITY 

AND 

MOTIVATI

ON) 

Small 

sample 

size, lack 

of hard 

adherence 

data, 

variable 

measurem

ent 

protocols. 

 Y. Jiang, 

Sereika, 

Dabbs, 

Handler, 

and 

Schlenk 

(2016); 

USA 

Internation

al Journal 

of Medical 

Informatic

s; 28 

Examine 

adherence to 

decision 

support 

messages and 

identify 

predictors in 

lung 

transplant 

recipients 

using Pocket 

PATH. 

(mHealth - 

Cross-
Sectional 
Correlation
al Study 

(n=96) 

High 

adherence to 

decision-

support 

messages. 

Facilitates 

early 

interventions 

and improves 

quality of life 

and survival 

rates. (ROLE 

CLARITY) 

Small 

sample 

size, 

limited 

generaliza

bility. 
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Pocket 

PATH) 

Israni et 

al. 

(2016); 

USA 

JMIR 

Public 

Health and 

Surveillan

ce; 29 

Explore 

kidney 

transplant 

recipients’ 

adherence 

perceptions 

and their 

willingness to 

use a mobile 

app for 

medication 

management. 

(mHealth) 

Qualitative 
Study 
(n=16) 

While all 

participants 

were 

interested in 

using an app 

to remind 

them to take 

their 

medication, 

they reported 

potential 

barriers to 

app usage. 

Provides 

reminders 

and facilitates 

pharmacy 

communicati

on. (ROLE 

CLARITY 

AND 

ABILITY) 

 Self-

reported 

data, no 

actual app 

testing. 

Nerini, 

Bruno, 

Citterio, 

and 

Schena 

(2016); 

Not 

applicabl

e 

Journal of 

Nephrolog

y; 43 

Analyze the 

role of 

various 

technologies, 

particularly 

mobile-

phone-based, 

in enhancing 

compliance 

among 

kidney 

transplant 

recipients 

(Not 

Applicable) 

Review 

article (Not 

applicable) 

Low 

adherence 

leads to poor 

outcomes; 

technology 

can help 

through 

reminders 

and 

education. 

AI can offer 

personalized 

reminders, 

tracking, and 

educational 

content. 

(NOT 

APPLICABL

E) 

Needs 

more 

extensive 

trials. 

Niazkhan

i, 

Pirnejad, 

and 

Khazaee 

(2017); 

Not 

applicabl

e 

Internation

al Journal 

of Medical 

Informatic

s; 29 

Systematicall

y review the 

impact of 

Health 

Information 

Technology 

on organ 

transplant 

care. (Not 

Applicable) 

Systematic 

Literature 

Review 

(Not 

applicable) 

Beneficial 

impact on lab 

values and 

cost savings; 

unclear 

effects on 

clinical 

outcomes like 

mortality. 

Personalized 

medication 

reminders, 

support 

through 

virtual 

assistants 

(NOT 

APPLICABL

E) 

Lack of 

quantitativ

e studies, 

high risk 

of bias. 

Zanetti-

Yabur et 

al. 

(2017); 

USA 

 The 

American 

Journal of 

Surgery; 

52 

Investigate 

the efficacy 

of a mobile 

app in 

promoting 

medication 

adherence 

among 

transplant 

patients. 

(mHealth) 

Questionn
aire-Based 
Study 

(n=74) 

Transplant 

patients 

exhibited 

negative 

beliefs about 

medication, 

which could 

predict higher 

rates of 

nonadherence

. Although 

not 

statistically 

significant, 

AI can 

provide 

timely 

reminders, 

educational 

support, and 

positive 

reinforcemen

t for 

medication 

adherence. 

This can 

decrease 

nonadherence 

Self-

reported 

data; need 

for longer, 

larger 

studies. 
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app users 

demonstrated 

higher rates 

of medication 

recollection.  

and improve 

patient 

education, 

enhancing 

quality of 

life. 

(ABILITY 

AND 

MOTIVATI

ON) 

Reese et 

al. 

(2017); 

USA 

American 

Journal of 

Kidney 

Diseases;  

130 

Determine if 

automated 

reminders 

improve 

immunosuppr

ession 

adherence 

among 

kidney 

transplant 

recipients 

with or 

without 

physician 

notification. 

(mHealth) 

Randomize
d 
Controlled 
Trial (RCT) 
(n=120) 

Improved 

adherence 

with 

reminders 

and physician 

notification, 

no significant 

differences in 

tacrolimus 

levels. 

Enhances 

adherence 

through 

automated 

reminders 

and physician 

involvement, 

which is 

crucial for 

preventing 

organ 

rejection. 

(ABILITY 

AND 

MOTIVATI

ON) 

Lack of 

evaluation 

of clinical 

endpoints 

like graft 

survival or 

rejection; 

study 

design 

may 

influence 

adherence 

due to 

more 

frequent 

contact. 

Mark, 

Goldsma

n, 

Gurbaxa

ni, 

Keskinoc

ak, and 

Sokol 

(2019); 

USA 

PLOS 

ONE; 71 

Develop a 

predictive 

model for 

kidney 

transplant 

survival and 

identify 

important 

variables. 

(Model 

proposal) 

Predictive 
Modeling 
Study (Not 

applicable) 

Improved 

accuracy in 

predicting 

kidney 

transplant 

survival, 

aiding in 

organ 

allocation 

and patient 

management 

and 

outcomes. 

AI can assist 

transplanted 

patients in 

adhering to 

immunosuppr

essors by 

predicting 

individual 

risks and 

personalizing 

patient 

monitoring 

and 

management. 

(NOT 

APPLICABL

E) 

Research 

limitations 

are not 

explicitly 

mentioned. 

Han et al. 

(2019); 

South 

Korea 

PLOS 

ONE; 55 

Evaluate if 

the 

Adhere4U 

app improves 

medication 

adherence in 

renal 

transplant 

recipients’ 

post-

transplantatio

Prospectiv
e RCT: 
(n=138) 

No 

significant 

improvement 

in adherence 

rates with the 

Adhere4U 

app; high. 

Intended to 

improve 

adherence 

through 

reminders 

and tracking 

but showed 

no significant 

effect. (NOT 

APPLICABL

E) 

The high 

attrition 

rate and 

single-

center 

study 

potentially 

overestima

te baseline 

medication

. 
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n (mHealth - 

Adhere4U 

app) 

Cresswel

l et al. 

(2020); 

Not 

applicabl

e 

Health 

Informatic

s Journal; 

58 

Investigate 

the 

effectiveness 

of AI-based 

computerized 

decision 

support 

systems in 

health and 

social care 

settings (Not 

Applicable) 

Systematic 

Literature 

Review 

(Not 

applicable) 

Mixed 

evidence on 

AI 

effectiveness 

in improving 

patient 

outcomes. 

Quantifies 

risk and aids 

in medication 

adherence 

decision-

making. 

(NOT 

APPLICABL

E) 

Limited 

RCTs, 

immature 

field, 

ethical/leg

al 

considerati

ons. 

Luo et al. 

(2020); 

China 

Annals of 

Translatio

nal 

Medicine; 

27 

Develop a 

machine 

learning 

model to 

predict severe 

pneumonia in 

recipients of 

deceased 

donor 

transplants 

during the 

perioperative 

period. 

(Model 

Proposal) 

Predictive 
Modeling 

(Not 

applicable) 

Identified 

high-risk 

patients for 

severe 

pneumonia, 

Random 

Forest had 

the best 

performance. 

 Helps in 

timely 

interventions 

to prevent 

complication

s (ROLE 

CLARITY) 

Retrospect

ive and 

monocentr

ic, more 

extensive 

multicente

r studies 

are 

needed. 

Gomis-

Pastor et 

al. 

(2020); 

Spain 

JMIR 

Mhealth 

Uhealth; 

23 

Validate the 

mHeart 

mobile app 

for measuring 

medication 

nonadherence 

among early-

stage heart 

transplant 

recipients 

(mHealth - 

mHeart) 

Prospectiv
e 
Validation 
Study 

(n=31) 

App was as 

effective as 

traditional 

methods and 

improved 

adherence by 

16-26%. 

Increases 

adherence 

through 

personalized 

interventions 

(ABILITY 

AND 

MOTIVATI

ON) 

 Limited 

sample 

size, 

excludes 

chronic-

stage 

recipients, 

needs 

long-term 

evaluation. 

Schwante

s and 

Axelrod 

(2021); 

Not 

applicabl

e 

Current 

Transplant

ation 

Reports; 

27 

Discuss the 

role of AI 

and machine 

learning in 

improving 

pretransplant, 

donor 

selection, and 

post-

operative 

management 

in transplant 

Review 

article (Not 

applicable) 

AI tools have 

been 

developed to 

optimize 

immunosuppr

ession 

management, 

track patient 

adherence, 

and assess 

graft 

survival. 

Through 

predictive 

modeling for 

complication

s, 

optimization 

of 

immunosuppr

ession 

management, 

and 

technology-

Research 

limitations 

are not 

explicitly 

mentioned. 
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patients. (Not 

Applicable) 

enabled 

remote 

monitoring to 

improve 

adherence. 

(NOT 

APPLICABL

E) 

Duettma

nn et al. 

(2021); 

Not 

applicabl

e 

Transplant 

Internation

al; 36  

Analyze the 

status of 

eHealth in 

transplantatio

n, focusing 

on clinical 

post-

transplant 

care studies. 

(Not 

Applicable) 

Systematic 

Literature 

Review 

(Not 

applicable) 

Identified 52 

manuscripts 

on eHealth in 

post-

transplant 

care covering 

various 

aspects, from 

mobile apps 

to remote 

monitoring. 

 AI assists 

with 

personalized 

reminders, 

medication 

monitoring, 

educational 

tools, and 

proactive 

interventions. 

(NOT 

APPLICABL

E) 

The 

limitations 

of the 

research 

were not 

explicitly 

mentioned  

Serper et 

al. 

(2021); 

USA 

Contempor

ary 

Clinical 

Trials; 21 

Evaluate 

TAKE IT, a 

multifaceted 

strategy for 

early 

identification 

and 

prevention of 

medication 

nonadherence 

issues in 

kidney 

transplant 

recipients 

(Strategy 

validation) 

Randomize
d 
Controlled 
Trial (RCT) 

(n=450) 

Innovative 

approach to 

optimizing 

medication 

adherence 

using 

technology. 

Enhances 

technologies 

with 

personalized 

reminders 

and 

predictions, 

tailored 

interventions 

(ROLE 

CLARITY 

AND 

ABILITY) 

Exclusion 

of non-

English 

speakers, 

recruitmen

t 

challenges, 

not 

suitable for 

all due to 

varying 

tech 

comfort 

levels. 

Melilli et 

al. 

(2021); 

Spain 

Clinical 

Transplant

ation; 9 

Assess the 

usage and 

effectiveness 

of the 

TrackYourM

ed® app in 

engaging 

transplant 

patients and 

promoting 

immunosuppr

ession 

adherence 

(mHealth - 

TrackYourM

ed) 

Prospectiv

e, 

observatio

nal, 

multicenter

, 2-phase 

trial. 

(n=90) 

App showed 

potential 

benefits in 

monitoring 

medication 

adherence 

and could 

improve 

clinical 

outcomes. 

AI provides 

reminders, 

self-

awareness, 

and 

adherence 

tracking, 

leading to 

improved 

medication 

adherence 

(ROLE 

CLARITY 

AND 

ABILITY) 

Limited 

sample 

size, 

single-

country 

focus, did 

not track 

long-term 

adherence. 
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Naruka 

et al. 

(2022); 

Not 

applicabl

e 

Artificial 

Organs; 15 

 

Systematicall

y review 

evidence on 

the use of AI 

and machine 

learning in 

cardiac 

transplantatio

n (Not 

Applicable) 

Systematic 

Literature 

Review 

(Not 

applicable) 

AI and ML 

predict graft 

failure and 

mortality 

more 

accurately 

than 

conventional 

methods, 

especially for 

1-year 

outcomes. 

AI assists 

with 

predicting 

transplant 

benefits, graft 

failures, and 

supports 

patient 

adherence to 

minimize risk 

(NOT 

APPLICABL

E) 

Requires 

more 

granular 

data for 

accurate 

long-term 

predictions

, limited 

applicabilit

y to older 

adults. 

Wingfiel

d et al. 

(2024); 

Not 

applicabl

e 

Transplant 

Journal; 0 

Review the 

utilization 

and impact of 

clinical 

decision 

support 

systems on 

patient 

outcomes in 

transplantatio

n (Not 

Applicable) 

Systematic 

Literature 

Review 

(Not 

applicable) 

85% of 

reviewed 

studies 

showed 

clinical 

benefits from 

CDSS in 

immunosuppr

essant 

management. 

Suggests 

implementing 

CDSS, 

including AI, 

to improve 

patient 

outcomes 

(NOT 

APPLICABL

E) 

Lack of 

rigorous 

testing and 

perceived 

lack of 

usefulness 

of some 

tools. 

 

 

3.2 How can AI assist transplant patients in adhering to immunosuppressants and 

improve their quality of life? 

Artificial Intelligence (AI) offers tools and functionalities to enhance treatment 

adherence, overall patient health, and quality of life (Duettmann et al., 2021; Wingfield et al., 

2024). One of the AI's contributions is the implementation of computerized alerts within 

electronic health records. These alerts serve as crucial reminders for timely laboratory tests, 

ensuring that patients maintain optimal levels of immunosuppression critical for the success of 

their transplant. This system helps prevent organ rejection and promotes a seamless 

communication channel between healthcare providers and patients (Staes et al., 2008).  

Further enhancing patient engagement and adherence, AI facilitates self-monitoring by 

developing sophisticated apps. These applications are tailored to track medication adherence 

and foster direct communication with healthcare providers and pharmacies. Such features give 

patients a sense of control over their health journey, offering them immediate feedback and a 

structured overview of their treatment regimen (Finkelstein et al., 2013; Israni et al., 2016; Y. 

Jiang et al., 2016). 

The studies also revealed that AI revolutionized how immunosuppressive therapies are 
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administered. Through automated clinical systems, AI significantly reduces the response time 

for dosage adjustments and handling potential medication complications. This simplifies the 

management process and ensures that patients receive the most effective care promptly, 

mitigating the risk of adverse outcomes (Finkelstein et al., 2013; John William McGillicuddy 

et al., 2013). 

Moreover, AI extends its support through personalized mobile applications. These apps 

are designed to offer customized reminders, track medication intake, and provide educational 

support tailored to each patient's needs. This level of personalization ensures that patients are 

consistently reminded of their medication schedules and are well-informed about their 

treatment, enhancing adherence and knowledge (Gomis-Pastor et al., 2020; Mark et al., 2019; 

John William McGillicuddy et al., 2013; Niazkhani et al., 2017). 

AI also pioneers the use of home monitoring programs. These programs are instrumental 

in the early detection of potential complications, a critical factor in maintaining overall health 

and adherence. By monitoring vital health indicators, these programs can alert healthcare 

providers and patients about deviations from the norm, allowing for prompt interventions 

(Marin-Garcia, Vidal-Carreras, & Garcia-Sabater, 2021). 

Lastly, AI's deployment of predictive modeling stands out as a forward-thinking 

approach to patient care. By identifying patients at risk of non-adherence, AI enables healthcare 

providers to initiate timely interventions. This proactive measure ensures continuous adherence 

to the treatment plan and significantly improves the patient's quality of life post-transplant 

(Mark et al., 2019). AI can also identify patients at high risk for severe pneumonia or other 

complications, which can help in timely interventions, possibly including adjustments to 

immunosuppressive therapy to prevent infection (Luo et al., 2020; Schwantes & Axelrod, 

2021). Finally, AI can predict the potential benefits of transplantation, ascertaining graft failure 

and mortality (Naruka et al., 2022). 

In essence, through a combination of technological innovations, AI has the potential to 

significantly support transplant patients in adhering to their immunosuppressive therapy and 

improving their quality of life, addressing the three dimensions proposed by Dellande, Gilly, 

and Graham (2004): 

Role Clarity: (1) AI-powered mobile apps and electronic health records provide clear 

instructions and information about medication schedules and dosages, ensuring patients 

understand what activities must be performed. (2) Personalized educational content delivered 

by AI can help clarify the importance of adherence and its role in transplant success. 
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Ability: (1) AI systems can track medication intake and alert patients about doses, 

enhancing their ability to follow the prescribed treatment accurately. (2) Home monitoring 

programs powered by AI algorithms allow for early detection and management of 

complications, helping patients maintain their health regimen. 

Motivation: (1) By offering interactive and user-friendly platforms, AI encourages 

patients to engage actively with their treatment plans. (2) AI can also provide positive 

reinforcement through progress tracking and gamification elements, incentivizing adherence 

behavior. 

 

3.3 Studies Limitations 

One critical research limitation that needs to be addressed is the small sample size, a 

common issue across many studies (Finkelstein et al., 2013; John W McGillicuddy et al., 2015). 

This limitation directly affects the statistical power to unveil true relationships between 

predictors and outcomes and raises questions about the broader applicability of the findings to 

diverse transplant recipient populations. Addressing this concern is crucial to ensure the results 

reflect the broader transplant community, underscoring the need for more comprehensive 

studies. 

Another significant challenge in research is the design of some studies. Observational 

studies lack randomization and are inclined to introduce confounding variables that could bias 

outcomes (Melilli et al., 2021; Staes et al., 2008). This, coupled with supporting self-reported 

data, can lead to inaccuracies in representing actual participant compliance rates. The call for 

more quantitative studies to evaluate the impact of health information technology systems on 

transplant care was clear. Rigorous research is needed to build a solid evidence base for 

implementing these technologies in transplant patient care. Thus, there is a need for more 

controlled experimental designs to improve the findings' accuracy and for more homogeneous 

data to tailor AI interventions effectively to diverse patient needs (Israni et al., 2016; Zanetti-

Yabur et al., 2017). These limitations reinforce the findings of the systematic literature review 

conducted by Niazkhani et al. (2017) and Cresswell et al. (2020). 

The duration of follow-up in several studies was also identified as a limitation (DeVito 

Dabbs et al., 2009). Short follow-up periods restricted the assessment of the long-term efficacy 

of AI interventions on medication adherence and overall patient well-being. This shortcoming 

underscores the necessity for extended study durations, which can provide a more 

comprehensive understanding of the enduring impacts of these technological aids on patient 
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health outcomes. 

Technological and systemic limitations further constrained the effectiveness of AI tools 

- the reliability of the electronic health record to deliver computerized alerts, safety, and 

potential enrollment delays (Finkelstein et al., 2013; Staes et al., 2008). These technological 

hurdles suggest an area for improvement in making AI tools more user-friendly and integrated 

within existing healthcare infrastructures. 

Moreover, potential enrollment delays and a high waste rate among study participants 

were highlighted, potentially compromising the findings and their relevance (Han et al., 2019). 

This limitation points to strategies to enhance participant retention and timely enrollment in 

such studies. 

Clinical decision support systems were significantly concerned about the lack of 

rigorous testing and perceived usefulness by end-users (Gomis-Pastor et al., 2020; Serper et al., 

2021). This limitation indicates that the active involvement of healthcare professionals and 

policymakers in more comprehensive evaluations and user-centric designs is crucial to 

effectively integrating these systems into clinical practice. 

Ethical and legal considerations around data access and privacy were also mentioned, 

suggesting a gap in the comprehensive evaluation of AI tools in healthcare settings (Cresswell 

et al., 2020). This area warrants further exploration to ensure patient data is handled securely 

and ethically. 

 

4 CONCLUSIONS 

 

Through a scoping review, this study aimed to identify how artificial intelligence can 

help transplant patients adhere to ITSs and improve their quality of life. Our results indicate 

that AI and health information technology hold significant promise for supporting transplant 

patients and improving their quality of life and adherence to IST. AI can improve patients’ 

knowledge and understanding of what needs to be done after organ transplantation (role clarity) 

and can increase their ability to do what needs to be done through reminders, personalized 

applications, and closer contact with providers (ability). It can also improve patients' motivation 

to follow the prescription through motivational messages and feedback on medication 

adherence and health parameters (motivation). However, these results should be analyzed 

carefully due to the methodological limitations present in the analyzed studies, as pointed out 

previously. The potential of these technologies to revolutionize medication adherence and 
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patient outcomes is enormous. Studies involving larger, more diverse populations, more 

extended follow-up periods, and more rigorous designs are essential to understand and fully 

optimize this potential. 

Our scoping review has some limitations, such as the risk of overlooking some key 

literature and the fact that the selected studies comprised distinct research contexts and methods, 

thus hindering a statistical meta-analysis. Finally, heterogeneity and methodological 

shortcomings of studies constrain the generalizability of this review's findings. Despite these 

limitations, this review provides an up-to-date overview of the theme, highlighting the potential 

of AI to assist transplant patients and the methodological flaws of the studies analyzed. These 

findings help academics identify research gaps and the various AI applications and 

methodologies applied. For private and public managers, this review highlights best practices 

in using AI to support transplant patients, helping them make informed decisions about 

investments in technology that can improve patient outcomes. Lastly, for society, this study 

demonstrates how AI can personalize patient care treatment, improve medication adherence, 

and, thus, potentially decrease complications related to transplant surgeries, benefiting the 

broader community by enhancing patient outcomes. In this sense, this study reveals how AI can 

reduce the overall healthcare burden, decreasing hospital readmissions and long-term 

healthcare costs. 

Future studies may benefit from expert panels with transplant physicians to better 

understand their perspectives on the theme. It is also important to conduct qualitative research 

on the theme of listening to transplant patients in developing countries, as most of the studies 

were conducted in the USA.  
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