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Abstract

Purpose of Review—Machine learning (ML), a subset of artificial intelligence (AI), has been 

vital in advancing tasks such as image classification and speech recognition. Its integration into 

clinical medicine, particularly dermatology, offers a significant leap in healthcare delivery.

Recent Findings—This review examines the impact of ML on psoriasis—a condition heavily 

reliant on visual assessments for diagnosis and treatment. The review highlights five areas where 

ML is reshaping psoriasis care: diagnosis of psoriasis through clinical and dermoscopic images, 

skin severity quantification, psoriasis biomarker identification, precision medicine enhancement, 

and AI-driven education strategies. These advancements promise to improve patient outcomes, 

especially in regions lacking specialist care. However, the success of AI in dermatology hinges on 

dermatologists’ oversight to ensure that ML’s potential is fully realized in patient care, preserving 

the essential human element in medicine.

Summary—This collaboration between AI and human expertise could define the future of 

dermatological treatments, making personalized care more accessible and precise.
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Introduction

Machine learning (ML) refers to a set of algorithms that can perform tasks with human-

like cognitive abilities [1]. It utilizes statistical techniques to enable software applications 

to learn from and adapt to training data by adjusting their parameters based on the 

data encountered [1]. The advent of this technology has revolutionized tasks like image 

classification and speech recognition since 2012 [1]. Integrating machine learning into 

clinical medicine presents a promising opportunity to markedly enhance the delivery of 

healthcare services [2]. Today, artificial intelligence (AI) is being explored in medicine to 

improve diagnostics, healthcare accessibility, and patient outcomes [3]. In dermatology, AI 

introduces distinct benefits by mitigating the subjectivity inherent in evaluating dermatosis 

severity, a domain where dermatologists predominantly depend on visual assessments more 

than other medical fields. This aspect is particularly crucial in managing psoriasis, where 

quantifying the affected body surface area (BSA) or utilizing scales like the Psoriasis 

Area and Severity Index (PASI) and Physician Global Assessment (PGA) can determine a 

patient’s eligibility for transformative treatments. Consequently, AI stands to significantly 

improve the accuracy of diagnoses and the customization of treatments for conditions like 

psoriasis, marking a new era of precision in dermatological care.

This review delves into the current state of ML applications pertinent to dermatologists, 

focusing on psoriasis and identifying five key areas where ML is making significant strides 

in dermatology. These include (1) classifying psoriasis using clinical and dermatopathology 

images, (2) quantifying psoriasis severity using machine learning, (3) leveraging AI for 

the discovery of psoriasis biomarkers, (4) enhancing precision medicine for psoriasis 

patients, and (5) AI-enhanced education and engagement strategies. Furthermore, we 

address potential obstacles and the future scope for ML advancements in this field.

Utilizing AI Algorithms to Diagnose Psoriasis Via Image Analysis

Introducing ML into dermatology, particularly through Convolutional Neural Networks 

(CNNs), represents a pivotal shift in diagnosing psoriasis. CNNs — advanced deep learning 

models developed to detect and learn features from structured grid data like images — have 

demonstrated initial success in recognizing psoriasis from both clinical and dermoscopic 

images. This offers a promising solution to overcome the limitations faced in areas with few 

dermatologists or where practitioners may have limited dermatological expertise.

Research highlights the effectiveness of CNNs in accurately diagnosing psoriasis, 

outperforming both traditional models and expert dermatologists in some cases. A 2019 

study by Zhao et al. showcased a two-stage deep-learning model that exceeded the 

diagnostic accuracy of 25 Chinese dermatologists [4]. Similarly, Yang et al.’s work with 

CNNs on dermoscopic images of psoriasis revealed high sensitivity and specificity, equating 

to the capabilities of board-certified dermatologists [5]. Moreover, Yu et al. developed 

a CNN model that distinguished between scalp psoriasis and seborrheic dermatitis more 

accurately than dermatologists, highlighting AI’s potential to improve diagnostic accuracy 

and support clinical decision-making [6].
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A major challenge in diagnosing psoriasis with machine learning is accurately identifying 

the boundaries of skin lesions. A 2020 study by Dash et al. addressed this by combining 

newer algorithms with traditional methods. They used advanced techniques, such as seeker 

optimization and particle swarm optimization, along with traditional clustering methods 

like K-means and fuzzy C-means. The study found that combining fuzzy C-means with 

seeker optimization was the most effective. This combined method significantly improved 

the accuracy of identifying psoriasis lesions by finding the best central points for grouping 

similar areas of skin, also known as optimizing cluster centroids. As a result, it could better 

distinguish between healthy skin and psoriasis lesions, leading to more precise identification 

[7].

Psoriasis Severity Quantification Through AI

The severity of plaque psoriasis is often defined by the extent of the disease (BSA) and 

intensity of the lesions (measured by PASI) [8]. It has been noted that PASI scores have 

considerable intra- and interobserver variability [9]. To address this issue and strive for a 

more precise measurement of the severity of plaque psoriasis, especially in clinical trials, 

various alternative or enhancing methods have been explored. These methods include efforts 

to automatically measure the erythema of psoriasis plaques or calculate severity with PASI 

using photographs and eventually utilizing artificial intelligence and the application of deep 

learning algorithms [10, 11].

BSA calculation using machine learning was accurate in more than 90% of cases and 

differed only 5.9% from previously marked areas for dermatologists [12]. The largest study 

performed in automated PASI calculation, which included more than 14,000 images and 

involved 43 dermatologists, showed that the proposed image-AI model outperformed the 

average performance of dermatologists with a 33.2% performance gain in the overall PASI 

score using mean absolute error as an indicator of accuracy [13]. The AI model functioned 

best with access to more photographs and less severe (lower PASI score) cases and was able 

to predict the trend of severity in patients who improved or regressed for 84.81% of cases.

AI in psoriasis severity calculation in clinical practice and teledermatology has also been 

explored. Okamoto and colleagues developed an automated single-shot assessment of 

psoriasis severity using photographs of the trunk [14]. This freely available software allows 

the upload of images and calculation of severity.

Some locations that may be affected by psoriasis, such as the nails, palms, and soles, 

present challenges for plaque psoriasis severity calculations. Two studies have explored the 

usefulness of AI in aiding in the evaluation of psoriasis severity in these body regions. Nail 

psoriasis assessment through the nail psoriasis severity index (NAPSI) requires expertise and 

is time-consuming [15]. In contrast to PASI, NAPSI is not routinely used in clinical practice. 

Modified NAPSI calculation of fingernails using deep learning showed a good performance 

with an area under the receiving operator curve (AUROC) of 88% [16].

One of the main limitations of PASI and BSA automated calculation is that the images 

used to train the algorithm usually do not include palmoplantar lesions. In the case of 
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palmoplantar pustulosis, a variant of pustular psoriasis, the score used is Palmoplantar 

Pustular Psoriasis Area and Severity Index (PPPASI). Deep learning algorithms have been 

developed to overcome the inconsistency between different graders of PPASI, showing a 

good interclass correlation coefficient of 0.879 and low differences in the percentage of 

affected area [17].

Apart from the limitations described previously, the assessment of induration with AI tools, 

the measurement of scalp psoriasis severity and the applicability in both clinical trials and 

practice remain to be explored.

Utilizing AI to Identify Biomarkers in Psoriasis

There is a critical need for the discovery of psoriasis-associated biomarkers, as they may 

facilitate diagnosing psoriasis, monitoring disease activity, predicting treatment response, 

and predicting the occurrence of co-morbidities. The use of AI for biomarker discovery 

has been on the rise due to the accumulation of high-dimensional data with thousands of 

variables, a common one being RNA sequencing data, which contains the sequencing profile 

of thousands of genes [18, 19].

RNA sequencing data has been most commonly used with AI to identify potential genomic 

biomarkers [20–23]. In the studies by Yao et al., Xing et al., and Liu et al., multiple ML 

models were used to identify diagnostic biomarkers through computed feature importance. 

The most important features (diagnostic biomarkers) from each model would be compared 

to identify overlap. Yao et al. found that ADAM23 was highly expressed in psoriasis 

lesions compared to healthy controls, Xing et al. found that GJB2 was also significantly 

overexpressed, and Liu et al. discovered three overlapping biomarkers, IRS1, RAI14, and 

ARH-GEF10, with lower expression levels in psoriasis lesions compared to normal controls 

[20, 22, 23]. Deng et al.’s study similarly used feature importance to identify biomarkers, 

but instead of computing feature importance for multiple models, their study used a Random 

Forest (RF) model to identify core biomarkers and then verified the performance of these 

biomarkers using a Support Vector Machines (SVM) model. This study, in particular, 

found that PI3 was highly expressed in psoriatic skin and was positively correlated with 

disease severity [21]. Song et al.’s study identified various pyroptosis-related biomarkers for 

diagnosing psoriasis using features with the highest importance [24]. Similar to Deng et al.’s 

study, Song et al. used an RF model to identify core biomarkers. However, these biomarkers 

were not verified with other ML models. Across these five sequencing-based studies, the 

most common and reliable ML models used were RF and SVM.

More recently, imaging and metabolomic data have been used with AI to identify potential 

biomarkers [25–27]. He et al. used a deep learning ML model on three-dimensional 

ultra-wideband raster-scan optoacoustic mesoscopy (RSOM) images. This study looked at 

imaging biomarkers and found that PASI values are closely related to epidermal thickness 

[25]. Choksi et al. and Koussiouris et al. used metabolomic data to find biomarkers 

associated with skin disease activity levels in psoriatic arthritis (PsA) patients. Liu et al. 

used single-cell RNA-seq from peripheral blood mononuclear cells to diagnose psoriatic 

arthritis [28]. All three studies also identified biomarkers using the feature importance 
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method and narrowed it down to several core biomarkers that overlapped between different 

ML models. Choksi et al. identified various metabolic markers associated with skin disease 

activity in PsA patients, including various metabolites involved in fatty acid metabolism 

and immune-mediated pathways [26]. Koussiouris et al. also found several significant 

metabolites associated with disease activity levels in PsA patients, including the presence of 

lipids such as lyphosphatidylcholine and sphingomyelin [27].

All of these studies presented results from well-performing models (AUROC > 0.8). For 

PsA, there are currently no clinically validated biomarkers. ML is becoming a promising 

method for identifying potential biomarkers to ultimately improve diagnostic tools and 

patient-specific responses to treatment. However, none of them have yet been validated in 

clinical practice.

Role of AI in Personalized Care and Enhancing Psoriasis Treatment

When deciding to prescribe psoriasis treatment beyond topicals, clinicians are challenged to 

determine what other treatment modalities to use, how to quantify patient response, and how 

to limit trial-and-error prescribing. Recent research has focused on utilizing AI to enhance 

and personalize psoriasis treatment.

In patients with insufficient response to topical therapies, phototherapy is often the next step 

in the treatment algorithm [29]. However, it is time-consuming and inaccessible to many 

patients [30]. As such, research has focused on predicting individual patient responses to 

phototherapy to determine if it is a reasonable treatment option. For example, Narbutt et 

al. used machine learning models to predict 82 psoriasis patients’ responses to narrow-band 

ultraviolet B (NB-UVB) phototherapy [29]. They used questionnaires and standard blood 

tests to create a random forest classifier with 84% sensitivity and predicted a short remission 

and good outcome with 85% and 75% accuracy, respectively. Unfortunately, they had a 

significant loss of follow-up (70%), and their research only included NB-UVB therapy. 

However, due to the ease of administering patient questionnaires and the use of standardized 

labs in creating their classifiers, Narbutt et al. propose a clinically translational use of AI in 

phototherapy treatment.

Significant research has also focused on creating ML classifiers that predict patient response 

to systemic therapies. In their proof-of-concept study, Foulkes et al. used ML to predict 

change in PASI in 10 patients with severe chronic plaque psoriasis initiating etanercept [31]. 

They focused on developing classifiers across multiple platforms (mRNA vs. miRNA) and 

tissue types (tissue vs. blood). Other studies have used retrospective data from clinical trials 

to develop machine learning classifiers that accurately predict patient response to systemic 

therapies, such as Correa da Rosa, who predicted week 12 response with 97% accuracy 

following one to two weeks of therapy [32, 33]. Bagel et al. took this one step further, using 

classifiers developed from published clinical trial data, testing their dermal diagnostic patch 

to extra mRNA, and predicting therapy response from the psoriatic skin samples [34]. Du 

et al. took a slightly different approach and, using data from a Danish registry and various 

machine learning algorithms, predicted the likelihood of biologic discontinuation within five 

Smith et al. Page 5

Curr Dermatol Rep. Author manuscript; available in PMC 2024 September 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



years with an accuracy ranging from 65.3% to 77.5% and determined what factors–patient 

sex, body weight, and drug type-were most predictive of discontinuation [35].

AI has also been utilized to measure patient response to therapies. Orsini et al. highlighted 

this by using AI to segment line-field confocal optical coherence tomography (LC-OCT) 

images of the skin in Italian patients with psoriasis treated with various therapies [36]. 

In a sample size of 17, they found a significant correlation between clinical lesion score 

and epidermal and stratum corneum thickness, thus demonstrating the ability to supplement 

clinical qualitative assessments with AI-derived quantitative mechanisms.

Helping Psoriasis Patients Through AI-driven Education and Engagement

There is a gap in the literature on the topic of psoriasis- and psoriatic arthritis-specific 

AI-driven education and engagement. However, in a broader sense, the field of dermatology 

has shown promising growth in this area in recent years. Much of the work in this area 

shares the commonality of the use of a variety of ChatGPT versions or chatbots for the 

purpose of various patient education modalities. The use of this technology has been shown 

to have utility ranging from responding to questions posed through a patient portal to 

creating original patient-facing educational materials [37, 38].

Now more than ever, clinicians spend a significant amount of time completing 

documentation following patient encounters—including initiating prior authorizations and 

responding to patient inquiries via a patient portal. Based on a 2024 study by Reynolds et 

al., one notable advantage of the use of AI in this context is the potential to save time for 

providers by developing a first draft of such correspondences [37]. This study also evaluated 

patient portal message questions and the responses that had been provided by the patients’ 

dermatologists. Those same patient questions were posed to ChatGPT (Version 3.5). The 

ChatGPT output responses and the original dermatologist responses were compared by ten 

blind reviewers for overall quality, readability, accuracy, thoroughness, and level of empathy. 

Reviewers preferred the responses by the dermatologists over those generated by ChatGPT, 

citing increased readability and level of empathy. However, it is important to note that 

these are stylistic rather than content-related concerns. Specifically, there were no instances 

of hallucinations within the ChatGPT responses to these patient inquiries. This refers to 

instances where incorrect information is generated by a chatbot when there is a lapse in the 

content that is necessary to draw a conclusion.

A related advantage of the use of AI in this context is to enhance providers’ timeliness 

in communicating laboratory or dermatopathology results to patients. In addition to the 

option to communicate directly with their dermatologist, the patient portal often allows 

patients immediate access to dermatopathology reports. Such reports contain medical jargon 

and generally require interpretation by the patient’s dermatologist. A 2024 study by Zhang 

et al. revealed that dermatopathology reports translated into patient-friendly language by 

ChatGPT-4 were complete, accurate, understandable, and unlikely to cause harm [39]. 

This study reiterates the potential for chatbots to serve as a resource for clinicians to 

enhance their efficiency in providing accurate responses and interpretations of results in 

patient-friendly language.
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It is important that dermatologists consider the health literacy of their patients, as well as the 

use of patient-friendly language in patient-doctor interactions. By doing so, dermatologists 

facilitate opportunities for patients to become more active participants in their plan of 

care. A 2023 study by Mondal et al. demonstrated that ChatGPT could produce easily 

understandable patient education materials at an appropriate Flesh-Kincaid Grade Level for 

a list of fourteen of the most-queried dermatological conditions [38]. This promising finding 

reveals the potential for accurate, appropriate, tailored educational materials for common 

dermatologic conditions.

Though the previously mentioned AI-driven education and engagement initiatives show 

promise, there are some disadvantages. The quality of the responses generated by ChatGPT 

and other chatbots relies upon the quality of the data that it draws upon, which may 

be outdated or simply incorrect. The data may also be incomplete, which may lead to 

hallucinations. In addition, there is a risk of content plagiarism, particularly during the 

creation of patient-facing educational materials. These disadvantages have the potential to 

harm patients via misinformation. Goodman et al. astutely summarize: “Even a 99.9% safety 

rate is unacceptable” [38]. Therefore, materials and responses generated by ChatGPT and 

other chatbots should, in most cases, incorporate a safety checkpoint in the form of clinician 

evaluation of content before release to a patient.

Going forward, further attention must be allotted to psoriasis- and psoriatic arthritis-specific 

AI-driven education and engagement. There is ample opportunity for developments that 

have the potential to enhance the patient experience, as well as health outcomes.

Dataset Biases, Limitations, and Need for Future Research

Despite these advancements, the application of AI in dermatology faces challenges, 

particularly in terms of inclusivity and transparency concerning the datasets used for 

training. The underrepresentation of diverse skin tones and the suboptimal performance 

of AI across different demographics underscore the need for unbiased AI tools. For 

instance, the study by Zhao et al. utilized a dataset primarily comprising images from 

Chinese patients, and the studies by Yang et al. and Strober et al. did not provide detailed 

demographic information about the patients in the dataset, which could affect the model’s 

generalizability to different demographic groups. Studies by Chen et al. and Daneshjou et 

al. emphasize the importance of creating AI algorithms that can diagnose skin diseases 

accurately across a varied patient population, ensuring equitable healthcare delivery [40, 41]. 

To further mitigate these biases, future research must focus on developing and validating AI 

tools using diverse datasets that encompass various skin tones, ages, and geographic regions. 

Collaborative efforts to create large, inclusive databases will be crucial in enhancing the 

fairness and accuracy of AI applications in dermatology.

Conclusion

As the field of dermatology advances, clinical integration of AI shows exciting promise 

for enhancing the precision and personalization of medicine, especially for psoriasis 

patients. This advancement is invaluable, particularly in areas underserved by specialist 
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dermatological care. As seen in Fig. 1, AI can play a significant role across various stages 

of psoriasis management, from initial diagnosis to tasks like recommending treatments and 

educating patients. However, the effectiveness of AI tools, much like traditional clinical 

instruments, relies heavily on the careful supervision of dermatologists, ensuring that the 

promise of machine learning translates into enhanced, personalized patient care. This 

approach not only maximizes the potential of AI to enhance treatment outcomes but also 

maintains the indispensable human touch in healthcare.
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Fig. 1. 
Ladder schematic detailing potential uses for AI in psoriasis. The ability of AI to diagnose 

psoriasis (1st run of ladder) is important for AI to potentially quantify psoriasis severity 

(2nd rung) and utilize biomarkers to track psoriasis progression (3rd rung). With these 

accomplishments, one could then feasibly use an AI system to suggest therapies for patients 

based on their severity and biomarkers (4th rung). If an AI system has a comprehensive 

understanding of psoriasis, AI could then educate patients and practitioners (top rung)

Smith et al. Page 11

Curr Dermatol Rep. Author manuscript; available in PMC 2024 September 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Utilizing AI Algorithms to Diagnose Psoriasis Via Image Analysis
	Psoriasis Severity Quantification Through AI
	Utilizing AI to Identify Biomarkers in Psoriasis
	Role of AI in Personalized Care and Enhancing Psoriasis Treatment
	Helping Psoriasis Patients Through AI-driven Education and Engagement
	Dataset Biases, Limitations, and Need for Future Research
	Conclusion
	References
	Fig. 1



