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The rise of AI in health related research



PubMed search for term: Artificial Intelligence



AI in pharmacy practice research



AI special issues in pharmacy practice 

journals

• Exploratory Research in Clinical and Social Pharmacy
• AI special issue submissions until end of July 2024

• International Journal of Clinical Pharmacy
• Ai special issue submissions: open call since August 2024

• Research in Social and Administrative Pharmacy
• Ongoing AI relevant papers

• International Journal of Pharmacy Practice
• Opened an AI special issue call in November 2025



Current state of pharmacy AI based research

• Evidence suggestive of initial development and validation of 
pharmacy focused solutions in various areas

• Lack of real world clinical practice evaluation research
• Lack of pharmacy based AI-enabled solutions that have entered into 

routine real-world practice

• Pharmacists seem ready to adopt 

• Need for enhancing pharmacists’ digital literacy and improving 
their training in the area of AI-enabled technologies.



Enhancing pharmacists' capabilities

Connecting research with real world application 

in pharmacy practice



What's the real aim…?

• Research publication? 

• High-impact?

• Application in the real world?



More than research…?

resources

research
practice 

(industry 
involvement)



Key scenarios for AI driven solutions

Research stage In clinical 
practice

Pre-clinical 

implementation

Conceptual stage



Pharmacists’ capabilities ‘infused’ into AI-based 

research

• Deep medication related expertise and knowledge

• Clinical relevance and problem identification

• High quality labelling and ground truth selection

• Risk assessment, harm anticipation

• Workflow, UX design

• Interpretation and output explanation

• Ethics, validation



Clinical area: Medication safety

Problem: Device non-adherence

Solution: Wireless monitoring of device 
self-administration

Zhao M, Hoti K, Wang H, Raghu A, Katabi D. Assessment of medication self-administration 
using artificial intelligence. Nature medicine. 2021 Apr;27(4):727-35.

Clinical area: Medication adherence

Problem: Antidepressant non-adherence

Solution: AI enabled sleep analysis

Conceptual and research stage examples

Clinical area: Prescribing

Problem: Hospital inappropriate 
prescribing

Solution: Ai to assist decision making

Bücker M, Hoti K, Rose O. Artificial intelligence to assist decision-making on 
pharmacotherapy: a feasibility study. Exploratory Research in Clinical and Social Pharmacy. 
2024 Sep 1;15:100491

Mirzazadeh A, Cadavid S, Zha K, Li C, Alzahrani S, Alawajy M, Korzenik J, Hoti K, Reynolds C, 
Mischoulon D, Winkelman J. Transformer Model Detects Antidepressant Use From a 
Single Night of Sleep, Unlocking an Adherence Biomarker. arXiv preprint arXiv:2510.10364. 
2025 Oct 11.



Clinical area: Medication safety

Problem: Device non-adherence

Solution: Wireless monitoring of 
device self-administration

Zhao M, Hoti K, Wang H, Raghu A, Katabi D. Assessment of medication self-administration using art ificial 
intelligence. Nature medicine. 2021 Apr;27(4):727-35.

• Can we use Artificial Intelligence to assist with observing 
patients at home

• Continuously assess how they self-administer their Insulin & 
Inhalers

• Can we do this without any contact with the patient & 
remotely?



Partitioning of key steps

Source: Zhao M, Hoti K, Wang H, Raghu A, Katabi D. 
Assessment of medication self-administration using artificial 
intelligence. Nature medicine. 2021 Apr;27(4):727-35.



Clinical area: Medication adherence

Problem: Antidepressant non-adherence

Solution: AI enabled wireless sleep analysis

Mirzazadeh A, Cadavid S, Zha K, Li C, Alzahrani S, Alawajy M, Korzenik J, Hoti K, Reynolds C, 
Mischoulon D, Winkelman J. Transformer Model Detects Antidepressant Use From a 
Single Night of Sleep, Unlocking an Adherence Biomarker. arXiv preprint arXiv:2510.10364. 
2025 Oct 11.

• AI enabled sleep analysis to from respiration collected from wearable 
and wireless sensors

• 60,000 nights of sleep in 20,000 individuals

• Nocturnal breathing signals analyzed

• First noninvasive biomarker that detects antidepressant intake from a 
single night of sleep





Clinical area: Pain assessment

Problem: People unable verbally to 
communicate pain

Solution: Pain assessment system in a 
mobile device: PainChek® 

Clinical implementation examples

Atee M, Hot i K, Parsons R, Hughes JD. Pain assessment in dementia: evaluation of a point-of-care technological  solut ion. Journal of 
Alzheimer's disease. 2017 Jan 1;60(1):137-50.

Atee M, Hot i K, Hughes JD. Psychometric evaluation of the electronic pain assessment tool: an innovative instrument  for individuals 

with moderate-to-severe dementia. Dementia and Geriat ric Cognitive Disorders. 2018 Jan 23;44(5-6):256-67.

Hoti K, Atee M, Hughes JD. Clinimetric propert ies of the electronic Pain Assessment  Tool (ePAT) for aged-care residents with moderate 
to severe dementia. Journal of Pain Research. 2018 Jun 1:1037-44.

Babicova I,  Cross A, Forman D, Hughes J, Hoti K.  Evaluation of the Psychometric Properties of PainChek® in UK Aged Care Residents 
with advanced dementia. BMC geriatrics. 2021 May 28;21(1):337.

Atee M, Hot i K, Hughes JD. A technical  note on the PainChek  system: a web portal  and mobi le medical device for assessing pain in 
people with dementia. Frontiers in aging neuroscience. 2018 Jun 12;10:117.

Atee M, Hot i K, Chivers P, Hughes JD. Faces of pain in dementia: learnings from a real-world study using a technology-enabled pain 
assessment tool . Frontiers in Pain Research. 2022 Feb 22;3:827551.

Hoti K, Atee M, Chivers P, Vahia I,  Hughes J.  Technology-guided assessment of vocalisations and their  diagnostic value as pain 

indicators for people living with dementia. Age and ageing. 2023 Jun 1;52(6):afad088.

Baird C, Miller H, Hot i K, Hughes J. Clinical impact of a multifaceted intervention aimed at  decreasing distress in people living with 
dementia: evaluating the Reconnect  program. Frontiers in Psychiatry. 2023 Dec 8;14:1191105.

Atee M, Hot i K, Parsons R, Hughes JD. A novel  pain assessment tool incorporating automated facial analysis: interrater  reliability  in 
advanced dementia. Cl inical intervent ions in aging. 2018 Jul 16:1245-58.

• Use AI to detect facial 
microfeatures of pain

• Action Unit (AU) codes



The problem…

Pain assessment is difficult especially for 

those who cannot communicate such as 

dementia sufferers or infants/toddlers.

Pain is often under-detected and under-

treated



When communication ability is not compromised, pain 

is also often described:

hurting

uncomfortable

throbbing

burning

stabbing
etc…



Those with dementia & cognitive impairment often:

• Lose their ability to self-report pain

• Lose their ability to regulate learned responses to 

pain as their condition progresses



Behavioural  Symptoms of dementia

>90% of people with dementia affected by BPSD, often caused 
by pain. 

Greater the pain =  Greater BPSD & severity

Pain group 3.8 times more likely to experience BPSD

25.3% more 
neuropsychiat
ric behaviours

33.6% 
higher 

severity of 
behaviours

31.4% more 
distress to 
caregivers

Atee M, Morris T, Macfarlane S, Cunningham C. Pain in dementia: prevalence and association with neuropsychiatric behaviors. Journal of Pain and Symptom 
Management. 2021 Jun 1;61(6):1215-26. Kunik ME, et al. S Causes of aggressive behavior in patients with dementia. The Journal of clinical psychiatry. 2010 Mar 9;71(9):1145-
52.; Atee et al. Pain in Dementia: Prevalence and Association With Neuropsychiatric Behaviors. Journal of Pain and Symptom Management. 2020 ; Pain Australia



Antipsychotic prescr ibing in Dementia

• UK Department of Health study

• Antipsychotic use  associated with side 

effects  and increased mortality 

180,000 prescriptions of 

antipsychotics annually

140,000 prescribed 

inappropriately



The solution







2 )  P a i n C h e k  P o r t a l
D i g i t a l  a n a l y t i c s

3 )  E d u c a t i o n1 )  P a i n C h e k  A p p
P O C  p a i n  
a s s e s s m e n t

PainChek Adult used in adults unable to 

verbally communicate (e.g. dementia)



PainChek Adult used in adults unable to 

verbally communicate (e.g. dementia)



• Over 15 million global pain assessments

• Over 200,000 people living with 
dementia

• Over 16,000 carers and healthcare 
professionals trained

• Approximately 200,000 pain assessments 
being conducted monthly in the UK

• Regulatory cleared: Australia, EU, 
Canada, Singapore, New Zealand…

• PainChek Adult FDA de Novo cleared on  
October 2025
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3-second pain assessment analysis

Monitoring historical pain events

Documenting treatments, including medications

Self-guided in-app training

Used in non-clinical environment – parents at home

PAINCHEK® INFANT

PAINCHEK® INFANT

AI detection of 6 facial micro-expressions 

(Action Units or AUs) 



Delivering transformative action in pediatric pain: a 
Lancet Child & Adolescent Health Commission

35

Eccleston C, Fisher E, Howard RF, Slater R, Forgeron P, Palermo TM, Birnie KA, Anderson BJ, Chambers CT, Crombez G, Ljungman G. Delivering transformative action in paediatric pain: a 
Lancet Child & Adolescent Health Commission. The Lancet Child & Adolescent Health. 2021 Jan 1;5(1):47-87.

Make pain matter Make pain 
understood Make pain visible Make pain better

Improve equity, 
eliminate stigma, 
make pain matter 
for everyone, 
including health 
professionals and 
society in general

Improve 
knowledge of 
various types of 
pain 

We need 
standardized and 
reliable pain 
assessments

Avoid unnecessary 
pain and improve 
access to effective 
pain treatments



About to enter enter practice…



Enhancing pharmacists' capabilities

Connecting pharmacists’ skills and expertise 

with AI enabled advantages 



Considerations…

• Technical performance of algorithms…

• Patient safety and data errors

• Equitable AI

• Patient trust

• Data privacy, data security and patient consent

• Data biases

• Expenses to integrate solutions in pharmacy

• Education and training…



Hybrid intelligence considerations

Hybrid 

intelligence 

OUTPUT

Human

intelligence 

Artificial

intelligence 

HUMAN & AI interaction

AI beyond human intelligence?
Human intelligence with 

human superpowers?



Hybrid intelligence considerations

• Symbiotic relationship

• People, data & AI augment each other’s strengths

• Human on the ’driving seat’ 

• AI extends human capabilities

• AI does not replace human judgement





Lets explore some Hybrid intelligence based examples…



PainChek Adult used in adults unable to 

verbally communicate (e.g. dementia)



Hybrid intelligence in PainChek solution

Behaviours

Body

Activity

Movement

Voice

FACEPain presence 
and intensity

HUMAN & AI interaction

Human

intelligence input 

Artificial

intelligence input 

Hybrid 

intelligence 

OUTPUT



Hybrid intelligence enabling personalized 

management of pain..?
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John David

77 years old, advanced 
Alzheimer Dement ia, 

osteoarthrit is,  unable to 
communicate pain,  carers 

suspect pain, not  sure 

70 years old,  advanced 
Alzheimer Dement ia, recent 

in jury,  unable to communicate 
pain, carers suspect  pain, not  

sure

HOW WOULD YOU MANAGE THEIR PAIN? 
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John David
PainChek® 

Pain Score Pain intensity

0 to 6 No Pain

7 to 11 Mild Pain

12 to 15 Moderate Pain

16 and over Severe Pain

HOW WOULD YOU MANAGE THEIR PAIN? 
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John David
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John



50

David
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EǍʬȡǱậɾ pain experience

Advanced AD, osteoarthri t is, 

moderate pain, inactive -  

prolonged resting, fear of 

touch and introvert lately -  

avoids social interaction

Advanced AD, recent injury, 

moderate pain, verbal ly 

abusive, aggressive, confused, 

distressed, constantly resists 

care and has altered sleep 

cycle  

¦ɐțɅậɾ ɳǍȡɅ ǸʲɳǸɶȡǸɅǪǸ

HOW WOULD YOU MANAGE THEIR PAIN? 



PainChek Analytics
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Pain experience
Personalized 

pain management



HUMAN & AI interaction

Hybrid 

intelligence 

OUTPUT



Pain 

score

Human

intelligence input 

HUMAN & AI interaction

Artificial

intelligence input 

Hybrid 

intelligence 

OUTPUT

Hybrid intelligence in PainChek infant solution
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1. Parent asks for baby 
Panadol or Advil

2. Pharmacist supplies the 
Panadol/Advil = provides 
relevant and accurate 
information

3. Pharmacist also educates on 
PainChek, provides download 
brochure/QR

The new journey

Community Pharmacy

Empowered 
Pharmacist

Empowered 
Parent



Model
Drug Information 

(Basic Prompt)

Drug 
Information 
(Prompt 2)

Additional 
Information 

(Basic Prompt)

Additional 
Information       
( Prompt 2)

Counselling 
(Basic Prompt)

Counselling 
(Prompt 2)

ChatGPT 80.95%  87.61% 80.95%  84.37% 83.33%  86.66%

Gemini 86.66%  88.57%  84.37%  85.15%  86.66%  80.00%

Grok 82.85%  80.95% 82.03%  76.56%  86.66% 83.33%

DeepSeek 80.95%  81.90%  78.90%  79.68%  80.00%  83.33%

• 967 pharmacist relicensing and licensing exam questions

• 263 multiple-choice based questions requiring clinical pharmacy 

 and pharmaceutical care-based expertise.  

• Metaprompt – further improvements (e.g. Gemini 2.5 improved 50% of 

incorrect answers

• Different users – different results????

Hybrid intelligence in use of LLMs in Pharmacy



A A





How to improve the human component 

within a hybrid intelligence system?



‘Boosting’ the human/pharmacist component

• Train & certify 
• to ensure competent use of AI-enabled solution

• Standardize human input through structured frameworks

• to improve consistency

• Clear definition of human input and roles

• Encourage critical thinking and other human superpowers*

• Support workflow integration

• Establish continuous feedback

• ’Double literacy’



Realistic expectations from AI in a health based 

solution…

• AI not magic – avoid AI hype

• AI a member of the team – not a replacement for pharmacists

• AI does not solve all healthcare problems

• AI allowing further focus of health professionals on ‘human superpowers’

Critical 

Thinking
Communication Collaboration Creativity

Shah NR, Lee TH. What AI means for doctors and doctoring. NEJM Catalyst. 2019 Sep 3;5(5).



Thank you

Prof. Kreshnik Hoti 

University of Prishtina, Kosovo

Contact: kreshnik.hoti@uni-pr.edu
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