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Abstract

Background: Psoriasis is one of the most frequent inflammatory skin conditions and could be treated via tele-dermatology,
provided that the current lack of reliable tools for objective severity assessments is overcome. Psoriasis Area and Severity Index
(PASI) has a prominent level of subjectivity and is rarely used in real practice, although it is the most widely accepted metric for
measuring psoriasis severity currently.
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Objective: This study aimed to develop an image–artificial intelligence (AI)–based validated system for severity assessment
with the explicit intention of facilitating long-term management of patients with psoriasis.

Methods: A deep learning system was trained to estimate the PASI score by using 14,096 images from 2367 patients with
psoriasis. We used 1962 patients from January 2015 to April 2021 to train the model and the other 405 patients from May 2021
to July 2021 to validate it. A multiview feature enhancement block was designed to combine vision features from different
perspectives to better simulate the visual diagnostic method in clinical practice. A classification header along with a regression
header was simultaneously applied to generate PASI scores, and an extra cross-teacher header after these 2 headers was designed
to revise their output. The mean average error (MAE) was used as the metric to evaluate the accuracy of the predicted PASI score.
By making the model minimize the MAE value, the model becomes closer to the target value. Then, the proposed model was
compared with 43 experienced dermatologists. Finally, the proposed model was deployed into an app named SkinTeller on the
WeChat platform.

Results: The proposed image-AI–based PASI-estimating model outperformed the average performance of 43 experienced
dermatologists with a 33.2% performance gain in the overall PASI score. The model achieved the smallest MAE of 2.05 at 3
input images by the ablation experiment. In other words, for the task of psoriasis severity assessment, the severity score predicted
by our model was close to the PASI score diagnosed by experienced dermatologists. The SkinTeller app has been used 3369
times for PASI scoring in 1497 patients from 18 hospitals, and its excellent performance was confirmed by a feedback survey of
43 dermatologist users.

Conclusions: An image-AI–based psoriasis severity assessment model has been proposed to automatically calculate PASI
scores in an efficient, objective, and accurate manner. The SkinTeller app may be a promising alternative for dermatologists’
accurate assessment in the real world and chronic disease self-management in patients with psoriasis.

(J Med Internet Res 2023;25:e44932) doi: 10.2196/44932
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Introduction

Psoriasis is a chronic, immune-mediated disease that causes
pain, disfigurement, and disability, for which there is no cure,
as recognized by the World Health Organization [1]. It is
characterized by erythematous plaques covered by white scales,
which are occasionally pruritogenic, and affects approximately
125 million people worldwide [2]. Psoriasis has posed heavy
burden to global economics, including the increased cost of
treatment, functional impairment, and loss of career
opportunities [3]. Precision therapy and long-term management
are required to reduce the risk of comorbidities, inflammatory
arthritis, cardiometabolic diseases, and mental disorders and to
avoid culminating in a reduced life span [4-6]. The treatment
and management plan of psoriasis is usually established
according to the degree of psoriasis severity. Hence, a
comprehensive, accurate, and objective assessment tool of
psoriasis severity is necessary for a personalized approach to
diagnose and treat patients.

Psoriasis Area and Severity Index (PASI) is the most widely
accepted metric for measuring psoriasis severity currently [7].
A total PASI score (range 0-72), with higher scores indicating
more severity, is determined by visual inspection of skin area
(0-6), erythema (0-4), desquamation (0-4), and induration (0-4)
of 4 body parts: head, trunk, upper limbs, and lower limbs
(details can be seen in Multimedia Appendix 1). However, PASI
is known to have a prominent level of subjectivity and poor
intra- and interobserver consistency [8,9], although it is
informative and reasonably useful to evaluate psoriasis severity.
Our survey of 346 dermatologists from different hospitals
throughout China found PASI scoring to be challenging in daily

routine clinics (Multimedia Appendix 2). Only 30.9% (n=107)
of physicians preferred to evaluate the severity of psoriasis by
PASI in clinical practice. Therefore, the PASI method needs to
be optimized to become more objective, intelligent, and
convenient in the real world.

Deep neural models have been proposed for diagnosing and
evaluating multiple skin diseases [10]. Several studies have
explored the related applications of artificial intelligence (AI)
in psoriasis [11-14] but focused mainly on the assisted diagnosis.
As for psoriasis severity rating, only a few attempts have been
conducted. Existing works either only calculate a subscore of
PASI rather than the full PASI score or are limited to the offline
evaluation while lacking the comparison with experienced
dermatologists and collection of feedback from clinical
application [15-18].

In this study, we proposed a deep learning system based on a
psoriasis-specific image database and developed a mobile app
(named SkinTeller) integrated with this model to assess psoriasis
severity in clinical practice. Results from multiple centers
highlight the potential to achieve precise treatment and
management for psoriasis.

Methods

Ethics Approval
This study was approved by the institutional Clinical Research
Ethics Committee of Xiangya Hospital (No.2021101068).
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Participants
This study collected information about consecutive multicenter
patients with psoriasis aged 18 years and older from January
2015 to July 2021.

Data Collection
A data set of 14,096 images from 2367 patients with psoriasis
taken by digital cameras or smartphones was established for
this study. We used 1962 patients from January 2015 to April
2021 to train the model and the other 405 patients from May
2021 to July 2021 to validate it. All patients gave their informed
consent before collecting images. Each image was captured
with either a digital camera (SONY DSC-HX50) or a
smartphone (Apple iPhone 6s to 12). Three clinicians who have
more than 10 years of experience in assessing psoriasis severity
were invited to label the images independently. The final PASI
scores of each image were obtained from the average of their
scores, which can be viewed as ground truth labeling. To further
ensure the reliability of the data, each data point was also
checked by at least one professor-level doctor. Considering the
images were taken under different lighting conditions, we
normalized the input images to ensure the generalizability of
the model. An offline automatic color enhancement algorithm
[19] was implemented to reduce the influence of varied color
and luminance conditions.

Model Development
A severity assessment model was proposed to simulate how
dermatologists calculate PASI scores in the clinical practice
(Figure 1). The model receives N lesion images from each body
part as inputs and predicts the redness of erythema (0-4), the
thickness of induration (0-4), the scaling of desquamation (0-4),
and the area ratio (0-6).

This model consists of an image-processing block, a multiview
feature enhancement block, and a cross-revise output block.
During the training stage, the image-processing block first
conducts random cropping of the input image and then resizes
the cropped image to 800 × 1024 pixels. Then, a convolutional
neural network (CNN) encoder is used to extract visual features
from the processed image, in which another attention branch is
specially designed to generate attention features for the regions
of interest (ROIs). In this task, ROIs denote the regions with
skin lesions in the input images. Afterward, the visual feature
and the attention feature are combined as the final feature
representation, in which the features unrelated to ROIs are
suppressed. In this study, a basic EfficientNet-B0 model was
applied as the CNN encoder, and 2143 images containing
manually skin lesions marked by bounding boxes served as the
supervisory signals to the attention branch in the heat map mask
format.

Furthermore, a multiview feature enhancement block that
merges features from multiple input images was designed to
enable the model to combine vision features from different
perspectives. Specifically, this block handles the visual and
attention features by calculating their maximum and average
values to convert these image-level features into patient-level
features. Then, the multihead output block uses the obtained
patient-level features as input and sends them into 2 output
headers with different optimization objectives, that is, a
regression header with a smooth L1 loss and a classification
header with a softmax cross-entropy loss. Moreover, we
designed an extra cross-teacher loss [20] that revises the output
of either output header by the other headers to learn more prior
knowledge from the severity score annotated by dermatologists.
Finally, the regression output is used as the final output. This
may simulate the assessment method used by dermatologists in
real clinical practice.

Figure 1. The structure of the proposed image–artificial intelligence (AI)–based Psoriasis Area and Severity Index (PASI) assessment model, which
refers to the PASI score rating module. Avg: average; C: channel; conv: convolution; FC: fully connected; H: height; ROI: region of interest; SE: squeeze
and excitation; W: width.
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Model Validation
Patients who visited hospitals from May 2021 to July 2021 were
included in a separate validation cohort, which was conducted
as a prospective analysis.

The accuracy of the predicted PASI score was first evaluated.
The mean average error (MAE) was used as the evaluation
metric, which measures the average squared difference between
the estimated values and the target values. In this study, we
measured the absolute distance from the predicted score obtained
from our model to the actual PASI score diagnosed by
dermatologists. Besides the overall score, the accuracy of the
4 subscores of PASI was also evaluated. Erythema, induration,
and desquamation are represented by integer values ranging
from 0 to 4, and the area ratio is represented by an integer value
ranging from 0 to 6. Therefore, we formulated the subscore
predictions as 5-label and 7-label classifications, respectively,
and used the classification accuracy as the evaluation metric.
The trend predicted by the proposed model was further
evaluated. If the PASI score increases, it potentially indicates
a deterioration of psoriasis. If the PASI score decreases, it
potentially indicates an improvement of psoriasis.

Comparison With Dermatologists
The proposed neural model was compared with 43 experienced
dermatologists from 18 hospitals. Similar to the model
validation, 2 perspectives revealed the comparison: (1) the
accuracy of PASI scoring for each visit and (2) the severity
ranking between 2 visits. To conduct a fair comparison, we
provided the same skin lesion images that were not included in
the training and testing data set to both the dermatologists and
the proposed model. A labeling website was built for
dermatologists to annotate the images on the web.

Trend Prediction Validation
In all, 429 patients’ visits were followed up. Among them, 214
visits were of low severity (PASI≤5), 119 visits were of medium
severity (5<PASI≤10), and 96 visits were of high severity

(PASI>10). All pairs of these visits were enumerated, that is,

C2
429=91,806 pairs in total. For each pair, we predicted the PASI

score of these 2 visits. If the order of the predicted PASI scores
was the same as the order of manual annotated PASI scores, we
regarded it as a successful trend prediction; otherwise, we
regarded it as an incorrect prediction.

App Deployment
We deployed the proposed severity assessment model into an
app named SkinTeller on the WeChat platform. WeChat is a
social network platform that is similar to WhatsApp and Line.
WeChat processes 1.2 billion monthly active users [21]. Since
WeChat allows users to launch mini-apps without installation
or configuration, the app provides convenient access to the
proposed model for both dermatologists and patients with
psoriasis.

Results

Overview of the Workflow
In this study, we integrated the proposed image-AI–based
PASI-estimating model into the SkinTeller app and optimized
the process of psoriasis severity assessment (Figure 2). Patients
were allowed to take images of skin lesions and complete their
medical history. The proposed model should output the PASI
score with higher accuracy, and its consistency should
outperform the actual clinical applications. We are also
exploring making decisions based on psoriasis diagnosis and
treatment guidelines and the experience of doctors and designing
the product to automatically classify psoriasis severity into mild,
moderate, and severe conditions based on the score and provide
treatment recommendations. For example, patients with mild
conditions should be treated with phototherapy and topical
drugs, whereas patients with severe conditions should be
recommended to biologic treatment. This work is important for
both doctors and patients.
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Figure 2. Overview of the workflow of the proposed model and the SkinTeller mobile app. (a) The image–artificial intelligence (AI)–based Psoriasis
Area and Severity Index (PASI)–estimating model. (b) The workflow of the SkinTeller app that is integrated with the proposed model. (c) The clinical
significance for both doctors and patients. CNN: convolutional neural network; F: female; M: male; N: no; Y: yes.

Performance of the Model by Ablation Studies
Generally, with more photos, the model has more information
about the skin condition and therefore is more likely to predict
an accurate PASI score. As a result, the first ablation study was
conducted on the number of input lesion images per body part.
Table 1 illustrates the performance of the model with different
numbers of input images. The MAE decreased from 3.47 to
2.25 when the number of input image increased from 1 to 2.
When entering 3 images, the performance of our model reached
the peak and achieved the smallest MAE of 2.05. By the first
ablation study, the error of the model is at minimum when given
3 images. In other words, this situation is closer to the real PASI
score. The next ablation study compared different fusion
strategies for multiple images to reveal the performance of the
multiview feature enhancement block. As shown in Table 1,
the combination of multiple aggregation methods outperformed
the methods individually, whether in the total score or the 4
subindicators of PASI. The third study evaluated the

performance of different output headers: the classification
header, the regression header, and the cross-teacher header.
According to the definition of the PASI score, the values of
erythema, induration, desquamation, and area ratio are all
discrete integers. In this manner, we formulated severity rating
as a classification task. However, considering the ordering of
different values, the task can also be formulated as a regression
problem. According to Table 1, the aggregation of both the
regression header and the classification header with the
cross-teacher header outperformed other approaches.

For different groups of patients with varied degrees of severity,
the performance of the proposed model decreased when the
degree of severity increased (Table 1). For patients with low
and medium severity, the MAE of the overall PASI score was
less than 2; for patients with high severity, the MAE enlarged
to 3.29. This is because the PASI score includes multiplication
operations between subscores. Since the values of these
subscores are already very large, a small variation of one
subscore could result in a big variation of the total PASI score.
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Table 1. Ablation studies.

MAEa of PASIbInduration (%)Desquamation (%)Erythema (%)Area ratio (%)Item

Number of input image

3.4755.6553.6459.2963.71

2.2562.5556.2363.4170.692

2.0565.3357.7664.5670.98 c3

2.0862.555956.2369.164

Fusion strategy

2.7361.455.6559.3964.94Only max

2.3161.4953.2662.1669.83Only mean

2.0565.3357.7664.5670.98Max + mean

Output method

2.1460.8257.9561.4968.87Only regression

2.6159.252.9764.8562.55Only classification

2.2163.3158.5263.8969.73Regression + classification

2.0565.3357.7664.5670.98Regression + classification with cross-
teacher

Severity level (number of visits)

1.9761.658.3963.4667.54All (N=429)

1.7059.153.6459.170.27Mild (0-5; n=214)

1.4858.3366.6767.6166.10Moderate (6-10; n=119)

3.2971.9857.1467.3163.46Severe (>10; n=96)

aMAE: mean absolute error.
bPASI: Psoriasis Area and Severity Ratio.
cItalicized values indicate the best performance.

Comparison With Dermatologists
In all, 43 dermatologists from 18 hospitals participated and
finished the labeling. They consisted of 13 professors (at least
15 years of dermatological experience) and 30 attending or
resident physicians (at least 5 years of dermatological
experience). As shown in Table 2, the proposed model
outperformed dermatologists with a 33.2% improvement in the
total PASI score and 23%, 7%, 11%, and 12% improvements
in accuracy in the 4 subscores of erythema, induration,

desquamation, and area ratio, respectively. The greatest
improvement is erythema, which is also because it has the
strongest subjectivity. The proposed model ranked eighth among
all 43 dermatologists using MAE as the main measurement
(dermatologist mean MAE=4.67; range 2.51-7.49; proposed
model MAE=3.12). The comparison proved the effectiveness
of the proposed severity rating model, considering that the
majority of participant dermatologists are experienced in PASI
scoring.

Table 2. Performance comparison of the deep learning system versus the dermatologists (professors and attending or resident physicians). The proposed
model achieved better results than dermatologists in the 4 subscores of Psoriasis Area and Severity Index (PASI), including erythema, induration,
desquamation, and area ratio.

Area ratio (%)Desquamation (%)Induration (%)Erythema (%)

60373639Dermatologists (professors)

50434443Dermatologists (attending or resident
physicians)

54434442Dermatologists (combined)

55434245Proposed model

Trend Prediction Validation
The accuracy in predicting the direction of severity progress
with different ranges of PASI scores were further evaluated

(Table 3). The average trend accuracy was 84.81%, indicating
that the proposed model could accurately predict the trend of
the severity degree for over 80% of cases. We also found that
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if the score gap between 2 visits is larger than 5 PASI score
points, that is, if the severity degree changes from severe to
moderate or from moderate to mild, we could predict the event
at an accuracy level as high as 96.09%. However, the

interagreement between dermatologists was poor. For top-ranked
dermatologists, they tended to better agree with each other,
whereas low-ranked dermatologists were more likely to disagree
with each other (Multimedia Appendix 3).

Table 3. The consistent trend between artificial intelligence and doctors among different Psoriasis Area and Severity Index (PASI) score gaps.

Trend consistency (%)PASI score gap

84.81Average

98.79>10

96.096-10

73.260-5

Case Study
A complete treatment course of a patient with psoriasis was
tracked. Figure 3 shows the PASI scores of the proposed system
and doctors at different treatment phases. The trend of the
severity was generally consistent, whereas there were some
small discrepancies in the scores from the AI and 3 doctors.
The AI and all 3 doctors assigned psoriasis scores over 15 as
the original status. Large areas of erythema and desquamation
were observed all over the skin surface of the patient, and most
of the subscores for the erythema metric were 3 or 4 (Figure 3
and Table 4). After the first treatment phase, the patient
exhibited a substantial treatment response with the disappearance
of lesions on the head with all scores being 0. The PASI score

suggested that the treatment achieved substantial improvements
in the erythema, induration, and desquamation of the patient’s
lesions. However, due to the excessive size of the patient’s
lesions, the PASI scores of the lower limbs assigned by the AI
and all 3 doctors remained high after the first treatment phase,
especially in the area ratio (PASI scores of 2, 3, 3, and 2,
respectively) and erythema (PASI scores of 3, 3, 2, and 2,
respectively). After 2 phases of treatment, the AI and all 3
doctors considered the lesions on the head and upper limbs to
be completely relieved, which resulted in a PASI score of 0.

Similarly, we reported on another patient with psoriasis to
present the PASI scores between AI and dermatologists during
different treatment phases (Multimedia Appendix 4).

Figure 3. The practical application of the proposed image-AI–based PASI-estimating model. (a) The PASI scores between the AI and 3 doctors for a
patient with psoriasis at different treatment phases. (b) The clinical images of the patient at different treatment phases. AI: artificial intelligence; PASI:
Psoriasis Area and Severity Index.
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Table 4. The Psoriasis Area and Severity Index (PASI) scores between artificial intelligence (AI) and 3 doctors for a patient with psoriasis at different
treatment phases.

PASI scoreDesquamationIndurationErythemaArea ratio

Original status

18.4AI

1121Head

3232Trunk

2131Upper limb

3343Lower limb

17.2Doctor 1

1121Head

3232Trunk

2131Upper limb

3333Lower limb

19.3Doctor 2

1111Head

2132Trunk

2121Upper limb

3334Lower limb

17.3Doctor 3

1121Head

3132Trunk

1121Upper limb

3343Lower limb

Treatment phase 1

6.8AI

0000Head

1122Trunk

1011Upper limb

1132Lower limb

9.6Doctor 1

0000Head

1122Trunk

0000Upper limb

2133Lower limb

9.7Doctor 2

0011Head

1112Trunk

1111Upper limb

2223Lower limb

6.6Doctor 3

0000Head

1112Trunk

1121Upper limb

J Med Internet Res 2023 | vol. 25 | e44932 | p. 8https://www.jmir.org/2023/1/e44932
(page number not for citation purposes)

Huang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


PASI scoreDesquamationIndurationErythemaArea ratio

2122Lower limb

Treatment phase 2

3.5AI

0000Head

3233Trunk

0000Upper limb

1122Lower limb

6.6Doctor 1

0000Head

2122Trunk

0000Upper limb

1113Lower limb

5.6Doctor 2

0000Head

2112Trunk

0000Upper limb

1122Lower limb

4.2Doctor 3

0000Head

1122Trunk

0000Upper limb

1112Lower limb

Functions and Users’ Feedback of the SkinTeller App
The proposed severity assessment model was deployed as an
app on the WeChat platform. Functions and the user interface
are shown in Figure 4. Relying on physician resources and
high-quality algorithms, the SkinTeller app provides the function
of AI-driven diagnosis, generic clinical science knowledge,
health consultation, and recommendations to suitable hospitals
and doctors. Doctors can also conduct follow-ups on the web.
Patients can easily access the specialist-level services, and
doctors in primary hospitals might also reach the clinical level
of domain experts (Figure 4).

Furthermore, 43 dermatologists from different levels of hospitals
were interviewed about SkinTeller (Multimedia Appendix 5).
In all, 91% (39/43) of dermatologists perceived SkinTeller as

helpful, relieving them from tedious and error-prone PASI
scoring, especially dermatologists from country or community
hospitals. Additionally, 86% (37/43) considered the SkinTeller
app to have efficiently and accurately rated the degree of
psoriasis severity. Regarding the management tool for chronic
disease, 72% (31/43) confirmed that it might assist them in
arranging the re-examination schedule and reminding their
patients automatically. Almost all dermatologists (42/43, 98%)
were willing to recommend the SkinTeller to colleagues (Table
5).

Regarding potential disadvantages of SkinTeller, 88% (38/43)
of dermatologists recommended further improvements by
providing alternative treatment options and predicting the
possible patient outcomes for the doctor.
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Figure 4. Page introduction and service module of the mobile app SkinTeller. (A) On the first page, mobile app SkinTeller includes the function of
severity score (severity rating and psoriasis diagnosis), screening (intelligent diagnosis), patient list (managing the patients who the current dermatologist
is response of), statistics (providing data analysis of patients who the current dermatologist is response of), psoriasis knowledge (recommending the
articles of psoriasis self-management), calendar reminder (reminding the patients of hospital revisits and medicine dosage), daily recording (recording
the vital signs, such as blood pressure, pulse and the medical dosage history), questionnaire scale (Self-rating Anxiety Scale, Self-rating Depression
Scale, Health-Related Quality of Life, etc) and nearly hospitals (providing information about nearby hospitals to facilitate patient treatment). (B) On
the second page, multimodal data input page (including metadata and images). (C) On the third page, the example of photo guide which instruct the
patient how to take pictures of each part of the body. (D) on the last page, the result page includes the overall PASI score as well as all 16 subscores.
PASI: Psoriasis Area and Severity Index.

Table 5. Feedback from 43 dermatologists on the use of the SkinTeller mobile app.

Dermatologist (N=43), n (%)Question, response

Do you think the mini-app is of great help to the diagnosis and treatment of psoriasis?

12 (28)Very helpful

27 (63)A lot helpful

4 (9)Generally helpful

Would you recommend to other doctors or patients the use of the mini-app?

21 (49)Actively recommend

21 (49)Recommend

1 (2)It depends

What do you think is the advantage of the mini-app?

37 (86)Quickly and accurately assesses the condition of psoriasis

31 (72)Provides follow-up plans of patients for doctors and has a function to remind patients

30 (70)Can better guide treatment

25 (58)Can better judge the prognosis

After you have used the mini-app, what aspects need to be improved?

19 (44)The patient cannot cooperate

17 (40)Inconvenient operation

11 (26)The accuracy is not high

6 (14)Unreasonable application scenarios

2 (5)Others
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Discussion

Principal Findings
To solve the problem of PASI scoring in the real clinical
practice, an image-AI–based system was developed based on a
large multicenter database of patients with psoriasis. In this
system, a multiview deep feature enhancement block to combine
features from multiple perspectives was designed to simulate
the clinical process of PASI calculation as dermatologists. The
proposed model outperforms the average performance of 43
experienced dermatologists. Perhaps most importantly, we
deployed a mobile app, SkinTeller, integrated with the model,
which has been used 3369 times for PASI scoring in 1497
patients from 18 hospitals, and its excellent performance was
confirmed by a feedback survey of 43 dermatologist users. This
study may provide a promising alternative for accurate
assessment and self-management of psoriasis.

About dilemmas in PASI, we conducted a multicenter
questionnaire-based investigation among 346 dermatologists
(Multimedia Appendix 2). Only 30.9% dermatologists preferred
to evaluate the severity of psoriasis by scales. Two major
disadvantages of PASI were recognized—having difficulties in
calculating the score and the subjectivity of results—which
made the evaluating procedure time-consuming and results
unreliable. The shortcomings of each part of PASI were
probably the sources of prejudice by the doctors. Our solution
potentially overcomes the shortcomings of PASI and augments
the clinical workflow of psoriasis management. First, SkinTeller
integrated with the proposed image-AI–based severity
assessment model provides the function of intelligent psoriasis
severity rating and recommends personalized treatment. Second,
an effective chronic disease management tool in the SkinTeller
assists in tracking the condition. Third, under the support of
physical hospitals and the construction of internet hospitals,
multiple rounds of interactive self-inspection systems and
intelligent referral and triage systems are formed.

Prior to our study, Schaap et al [15] constructed a system for
automating PASI scores. Fink et al [16] proposed a filter-based
image processing pipeline to determine the PASI score, but a
limitation is the nonstandardized body posture of patients with
immobility or noncooperation when collecting images. In our
study, we have established a multicenter collaboration system
for psoriasis data collection and formed a psoriasis data
collection standard. The real data from patients with psoriasis
that had the blur and occlusion removed were used to establish
the model, which is fundamental to our study. First, we collected
data from 21,524 patients with psoriasis with 5-20 clinical
images per patient on average, resulting in the large sample size
of the database. Recent studies reported the performance of an
image-based automated deep learning system trained using 1731
images [15], and the observer-independent assessment system
of psoriasis-affected areas included a total sample of only 259
photographs [20]. Second, the reference value of the PASI was
calculated by 3 doctors independently with the supervision of
3 senior doctors, which ensures that the value is reliable. Of
course, there are the other score systems such as Physician
Global Assessment (PGA) and Body Surface Area (BSA) that

are also commonly used in clinic. These scoring methods have
different emphases and evaluation indexes. Our system is trained
and developed based on PASI score data and outperforms those
of dermatologists. However, after changing the task to PGA or
BSA scores, the performance can be reduced because the
training is inconsistent with the task. In the future, we will try
other score methods, including PGA score, BSA score, etc, for
psoriasis and strive to upgrade the system based on existing
technologies [22] for most scenarios.

Our team has long been researching the intelligent diagnosis
and treatment of psoriasis [23]. Besides the large-scale psoriasis
database mentioned above, we also proposed a deep learning
system to estimate the overall severity score and all intermediate
metrics. In a novel approach to model construction [24], skin
lesions were first mapped into a special-designed color space
and then classified into 3 different types [25]; erythema scores
were scored with the K-nearest neighbor algorithm [26], and a
Gaussian mixture model was applied to segment skin lesions
into different color channels and then scored based on the
trichromatic bands. For CNN-based approaches, one model [27]
estimates the severity levels of 3 indicators (erythema,
induration, and desquamation) by adding 3 output heads in a
single deep neural network [28]. These existing studies mainly
focus on a partial list of aspects related to the severity of
psoriasis and only generate severity levels with 5 discrete
severity categories. They do not meet the clinical needs of
psoriasis treatment, which requires an overall severity level for
convenience and a larger and finer score range to monitor the
severity in a timely and precise manner. If the patient’s PASI
score decreases after treatment, then the management plan is
effective; otherwise, the management plan must be adjusted. In
this paper, we proposed to quantitatively estimate the overall
severity score and all intermediate metrics. This method makes
the psoriasis severity rating more convenient and consistent,
especially when the difference in scores between 2 visits is
larger than 5, indicating that the model showed clinically
satisfying consistency in patients with psoriasis with substantial
disease changes. Second, in the clinical diagnosis of psoriasis,
multiple perspectives can bring more information to
dermatologists. Therefore, to approximate the diagnosis
scenario, we designed a multiview feature enhancement block,
which integrates features from multiple input images to combine
visual features from different perspectives. Third, our system
has been comprehensively verified by comparison with doctors,
ablation experiments, questionnaire feedback, and so on. In the
ablation experiment, 3 input images were considered to have
the smallest MAE. Lastly, our system can also assist doctors in
making treatment decisions. On this basis, we also developed
an app for the whole course management. This system will
become a reliable reference for dermatologists to manage
patients, predict progression in the long term, and avoid
limitations in the evaluation results caused by the subjective
judgment of clinicians.

Our study also has limitations. First, our clinical data set was
limited to patients of Chinese origin, which would require
retraining with local pictures if our approach were to be
established elsewhere. Skin color would be expected to have
some influence on the accuracy of the PASI score, especially
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on the subscore of erythema. Second, the data we used were
collected from many institutions, which is conducive to the
more general applicability of the development results but may
also include bias by the different devices used for photography,
environmental factors, and so on. Third, future work will be
required to develop more user-friendly functions on SkinTeller.
We also call for more efforts to assess the impact of this model
and resulting software on clinical practice.

Conclusions
The proposed image-AI–based system can provide more
objective and accurate assessment for severity of patients with
psoriasis and outperforms experienced dermatologists. It can
also predict the direction of severity progress with different
ranges of PASI scores precisely. The SkinTeller app integrated
with the proposed system show enormous potentialities for
precise personalized treatment and chronic disease
self-management in patients with psoriasis.

Acknowledgments
This work was supported by the Project of Intelligent Management Software for Multimodal Medical Big Data for New Generation
Information Technology, Ministry of Industry and Information Technology of People’s Republic of China (TC210804V), the
Hunan Provincial Innovation Foundation for Postgraduate, and the Fundamental Research Funds for the Central Universities of
Central South University.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Definition of the Psoriasis Area and Severity Index (PASI) scoring.
[DOCX File , 18 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Questionnaire on the severity assessment of patients with psoriasis.
[DOCX File , 144 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Interagreement of dermatologists.
[DOCX File , 132 KB-Multimedia Appendix 3]

Multimedia Appendix 4
The other case study.
[DOCX File , 105 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Questionnaire on the use of the app (named SkinTeller).
[DOCX File , 12 KB-Multimedia Appendix 5]

References

1. Raho G, Koleva DM, Garattini L, Naldi L. The burden of moderate to severe psoriasis: an overview. Pharmacoeconomics
2012 Nov 01;30(11):1005-1013. [doi: 10.2165/11591580-000000000-00000] [Medline: 22994598]

2. Armstrong AW, Read C. Pathophysiology, clinical presentation, and treatment of psoriasis: a review. JAMA 2020 May
19;323(19):1945-1960. [doi: 10.1001/jama.2020.4006] [Medline: 32427307]

3. Feldman SR, Burudpakdee C, Gala S, Nanavaty M, Mallya UG. The economic burden of psoriasis: a systematic literature
review. Expert Rev Pharmacoecon Outcomes Res 2014 Oct 23;14(5):685-705. [doi: 10.1586/14737167.2014.933671]
[Medline: 25052261]

4. Parisi R, Iskandar IYK, Kontopantelis E, Augustin M, Griffiths CEM, Ashcroft DM, Global Psoriasis Atlas. National,
regional, and worldwide epidemiology of psoriasis: systematic analysis and modelling study. BMJ 2020 May 28;369:m1590
[FREE Full text] [doi: 10.1136/bmj.m1590] [Medline: 32467098]

5. Boehncke W, Menter A. Burden of disease: psoriasis and psoriatic arthritis. Am J Clin Dermatol 2013 Oct 15;14(5):377-388.
[doi: 10.1007/s40257-013-0032-x] [Medline: 23771648]

6. Griffiths CEM, Armstrong AW, Gudjonsson JE, Barker JNWN. Psoriasis. Lancet 2021 Apr 03;397(10281):1301-1315.
[doi: 10.1016/S0140-6736(20)32549-6] [Medline: 33812489]

J Med Internet Res 2023 | vol. 25 | e44932 | p. 12https://www.jmir.org/2023/1/e44932
(page number not for citation purposes)

Huang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app1.docx&filename=73d2b2c69a154bc7420fdc3fd1919c92.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app1.docx&filename=73d2b2c69a154bc7420fdc3fd1919c92.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app2.docx&filename=fb28dd11c4797a745b43eb1d441f0ad8.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app2.docx&filename=fb28dd11c4797a745b43eb1d441f0ad8.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app3.docx&filename=4c56ae246827cacbab359477543468e2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app3.docx&filename=4c56ae246827cacbab359477543468e2.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app4.docx&filename=cea1f743fd92c894fb39ceacfb888548.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app4.docx&filename=cea1f743fd92c894fb39ceacfb888548.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app5.docx&filename=05a72ce072f99bab7bc2638a8b72dad4.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e44932_app5.docx&filename=05a72ce072f99bab7bc2638a8b72dad4.docx
http://dx.doi.org/10.2165/11591580-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22994598&dopt=Abstract
http://dx.doi.org/10.1001/jama.2020.4006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32427307&dopt=Abstract
http://dx.doi.org/10.1586/14737167.2014.933671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25052261&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=32467098
http://dx.doi.org/10.1136/bmj.m1590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32467098&dopt=Abstract
http://dx.doi.org/10.1007/s40257-013-0032-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23771648&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(20)32549-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33812489&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Menter A, Gottlieb A, Feldman SR, Van Voorhees AS, Leonardi CL, Gordon KB, et al. Guidelines of care for the management
of psoriasis and psoriatic arthritis: section 1. overview of psoriasis and guidelines of care for the treatment of psoriasis with
biologics. J Am Acad Dermatol 2008 May;58(5):826-850. [doi: 10.1016/j.jaad.2008.02.039] [Medline: 18423260]

8. Cabrera S, Chinniah N, Lock N, Cains GD, Woods J. Inter-observer reliability of the PASI in a clinical setting. Australas
J Dermatol 2015 May 05;56(2):100-102. [doi: 10.1111/ajd.12280] [Medline: 25753553]

9. Fink C, Alt C, Uhlmann L, Klose C, Enk A, Haenssle H. Intra- and interobserver variability of image-based PASI assessments
in 120 patients suffering from plaque-type psoriasis. J Eur Acad Dermatol Venereol 2018 Aug 27;32(8):1314-1319. [doi:
10.1111/jdv.14960] [Medline: 29569769]

10. Khan A, Sohail A, Zahoora U, Qureshi AS. A survey of the recent architectures of deep convolutional neural networks.
Artif Intell Rev 2020 Apr 21;53(8):5455-5516. [doi: 10.1007/s10462-020-09825-6]

11. Hossen MN, Panneerselvam V, Koundal D, Ahmed K, Bui FM, Ibrahim SM. Federated machine learning for detection of
skin diseases and enhancement of Internet of Medical Things (IoMT) security. IEEE J Biomed Health Inform 2022 Feb
08;27(2):835-841. [doi: 10.1109/JBHI.2022.3149288] [Medline: 35133971]

12. Yang Y, Wang J, Xie F, Liu J, Shu C, Wang Y, et al. A convolutional neural network trained with dermoscopic images of
psoriasis performed on par with 230 dermatologists. Comput Biol Med 2021 Dec;139:104924. [doi:
10.1016/j.compbiomed.2021.104924] [Medline: 34688173]

13. Huang K, Jiang Z, Li Y, Wu Z, Wu X, Zhu W, et al. The classification of six common skin diseases based on Xiangya-Derm:
development of a Chinese database for artificial intelligence. J Med Internet Res 2021 Sep 21;23(9):e26025 [FREE Full
text] [doi: 10.2196/26025] [Medline: 34546174]

14. Aijaz SF, Khan SJ, Azim F, Shakeel CS, Hassan U. Deep learning application for effective classification of different types
of psoriasis. J Healthc Eng 2022 Jan 15;2022:7541583-7541512 [FREE Full text] [doi: 10.1155/2022/7541583] [Medline:
35075392]

15. Schaap M, Cardozo N, Patel A, de Jong EMGJ, van Ginneken B, Seyger M. Image-based automated Psoriasis Area Severity
Index scoring by convolutional neural networks. J Eur Acad Dermatol Venereol 2022 Jan 18;36(1):68-75 [FREE Full text]
[doi: 10.1111/jdv.17711] [Medline: 34653265]

16. Fink C, Alt C, Uhlmann L, Klose C, Enk A, Haenssle H. Precision and reproducibility of automated computer-guided
Psoriasis Area and Severity Index measurements in comparison with trained physicians. Br J Dermatol 2019 Feb
14;180(2):390-396. [doi: 10.1111/bjd.17200] [Medline: 30218575]

17. Iyatomi H, Oka H, Hagiwara M, Miyake A, Kimoto M, Ogawa K, et al. Computerized quantification of psoriasis lesions
with colour calibration: preliminary results. Clin Exp Dermatol 2009 Oct;34(7):830-833. [doi:
10.1111/j.1365-2230.2008.03169.x] [Medline: 19438532]

18. Kislal EE, Halasz CL. Software for quantifying psoriasis and vitiligo from digital clinical photographs. J Dermatolog Treat
2013 Apr 31;24(2):107-111. [doi: 10.3109/09546634.2011.596184] [Medline: 21801117]

19. Gertreuer P. Automatic color enhancement (ACE) and its fast implementation. Image Processing On Line 2012;2:266-277.
[doi: 10.5201/ipol.2012.g-ace]

20. Meienberger N, Anzengruber F, Amruthalingam L, Christen R, Koller T, Maul J, et al. Observer-independent assessment
of psoriasis-affected area using machine learning. J Eur Acad Dermatol Venereol 2020 Jun 23;34(6):1362-1368 [FREE
Full text] [doi: 10.1111/jdv.16002] [Medline: 31594034]

21. 2022 Interim Report. Tencent. 2022. URL: https://static.www.tencent.com/uploads/2022/09/01/
9865e43220e76fe82356b91d3b2a70e6.PDF [accessed 2023-02-14]

22. Guo K, Shen C, Hu B, Hu M, Kui X. RSNet: relation separation network for few-shot similar class recognition. IEEE Trans
Multimedia 2022 Apr 19:1-1. [doi: 10.1109/tmm.2022.3168146]

23. Zhao S, Xie B, Li Y, Zhao X, Kuang Y, Su J, et al. Smart identification of psoriasis by images using convolutional neural
networks: a case study in China. J Eur Acad Dermatol Venereol 2020 Mar 17;34(3):518-524. [doi: 10.1111/jdv.15965]
[Medline: 31541556]

24. Ahmad Fadzil MH, Ihtatho D, Mohd Affandi A, Hussein SH. Objective assessment of psoriasis erythema for PASI scoring.
J Med Eng Technol 2009 Sep 15;33(7):516-524. [doi: 10.1080/07434610902744074] [Medline: 19639508]

25. Lu J, Manton JH, Kazmierczak E, Sinclair R. Erythema detection in digital skin images. 2010 Dec 3 Presented at: 2010
IEEE International Conference on Image Processing; September 26-29, 2010; Hong Kong, China p. 2545-2548. [doi:
10.1109/icip.2010.5653524]

26. Delgardo D, Ersbøll B, Carstensen JM. An image based system to automatically and objectively score the degree of redness
and scaling in psoriasis lesions. 2004 Presented at: 13th Danish Conference on Image Analysis and Pattern Recognition;
August 19-20, 2004; Copenhagen, Denmark p. 130-137 URL: https://www2.imm.dtu.dk/pubdb/edoc/imm3583.pdf

27. Pal A, Chaturvedi A, Garain U, Chandra A, Chatterjee R. Severity grading of psoriatic plaques using deep CNN based
multi-task learning. 2017 Apr 24 Presented at: 2016 23rd International Conference on Pattern Recognition (ICPR); December
4-8, 2016; Cancun, Mexico p. 1478-1483. [doi: 10.1109/icpr.2016.7899846]

28. Pal A, Chaturvedi A, Garain U, Chandra A, Chatterjee R, Senapati S. Severity assessment of psoriatic plaques using deep
CNN based ordinal classification. 2018 Oct 2 Presented at: CARE 2018, CLIP 2018, OR 2.0 2018, ISIC 2018: OR 2.0

J Med Internet Res 2023 | vol. 25 | e44932 | p. 13https://www.jmir.org/2023/1/e44932
(page number not for citation purposes)

Huang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jaad.2008.02.039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18423260&dopt=Abstract
http://dx.doi.org/10.1111/ajd.12280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25753553&dopt=Abstract
http://dx.doi.org/10.1111/jdv.14960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29569769&dopt=Abstract
http://dx.doi.org/10.1007/s10462-020-09825-6
http://dx.doi.org/10.1109/JBHI.2022.3149288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35133971&dopt=Abstract
http://dx.doi.org/10.1016/j.compbiomed.2021.104924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34688173&dopt=Abstract
https://www.jmir.org/2021/9/e26025/
https://www.jmir.org/2021/9/e26025/
http://dx.doi.org/10.2196/26025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34546174&dopt=Abstract
https://doi.org/10.1155/2022/7541583
http://dx.doi.org/10.1155/2022/7541583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35075392&dopt=Abstract
https://europepmc.org/abstract/MED/34653265
http://dx.doi.org/10.1111/jdv.17711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34653265&dopt=Abstract
http://dx.doi.org/10.1111/bjd.17200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30218575&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2230.2008.03169.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19438532&dopt=Abstract
http://dx.doi.org/10.3109/09546634.2011.596184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21801117&dopt=Abstract
http://dx.doi.org/10.5201/ipol.2012.g-ace
https://doi.org/10.5167/uzh-179575
https://doi.org/10.5167/uzh-179575
http://dx.doi.org/10.1111/jdv.16002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31594034&dopt=Abstract
https://static.www.tencent.com/uploads/2022/09/01/9865e43220e76fe82356b91d3b2a70e6.PDF
https://static.www.tencent.com/uploads/2022/09/01/9865e43220e76fe82356b91d3b2a70e6.PDF
http://dx.doi.org/10.1109/tmm.2022.3168146
http://dx.doi.org/10.1111/jdv.15965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31541556&dopt=Abstract
http://dx.doi.org/10.1080/07434610902744074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19639508&dopt=Abstract
http://dx.doi.org/10.1109/icip.2010.5653524
https://www2.imm.dtu.dk/pubdb/edoc/imm3583.pdf
http://dx.doi.org/10.1109/icpr.2016.7899846
http://www.w3.org/Style/XSL
http://www.renderx.com/


Context-Aware Operating Theaters, Computer Assisted Robotic Endoscopy, Clinical Image-Based Procedures, and Skin
Image Analysis; September 16 and 20, 2018; Granada, Spain p. 252-259. [doi: 10.1007/978-3-030-01201-4_27]

Abbreviations
AI: artificial intelligence
BSA: Body Surface Area
CNN: convolutional neural network
MAE: mean absolute error
PASI: Psoriasis Area and Severity Index
PGA: Physician Global Assessment
ROI: region of interest

Edited by T Leung, G Eysenbach; submitted 12.12.22; peer-reviewed by H Guo, J Tao; comments to author 27.01.23; revised version
received 04.02.23; accepted 04.02.23; published 16.03.23

Please cite as:
Huang K, Wu X, Li Y, Lv C, Yan Y, Wu Z, Zhang M, Huang W, Jiang Z, Hu K, Li M, Su J, Zhu W, Li F, Chen M, Chen J, Li Y, Zeng
M, Zhu J, Cao D, Huang X, Huang L, Hu X, Chen Z, Kang J, Yuan L, Huang C, Guo R, Navarini A, Kuang Y, Chen X, Zhao S
Artificial Intelligence–Based Psoriasis Severity Assessment: Real-world Study and Application
J Med Internet Res 2023;25:e44932
URL: https://www.jmir.org/2023/1/e44932
doi: 10.2196/44932
PMID:

©Kai Huang, Xian Wu, Yixin Li, Chengzhi Lv, Yangtian Yan, Zhe Wu, Mi Zhang, Weihong Huang, Zixi Jiang, Kun Hu, Mingjia
Li, Juan Su, Wu Zhu, Fangfang Li, Mingliang Chen, Jing Chen, Yongjian Li, Mei Zeng, Jianjian Zhu, Duling Cao, Xing Huang,
Lei Huang, Xing Hu, Zeyu Chen, Jian Kang, Lei Yuan, Chengji Huang, Rui Guo, Alexander Navarini, Yehong Kuang, Xiang
Chen, Shuang Zhao. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 16.03.2023. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

J Med Internet Res 2023 | vol. 25 | e44932 | p. 14https://www.jmir.org/2023/1/e44932
(page number not for citation purposes)

Huang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1007/978-3-030-01201-4_27
https://www.jmir.org/2023/1/e44932
http://dx.doi.org/10.2196/44932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

