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The most recent Lancet review underscores the pronounced heterogeneity of atopic dermatitis.
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Persistent

Disease Activity Patterns and Severity1,4

Age at Onset and Clinical Presentation4,5

Intermittent

T-helper (TH) cell expression levels 
vary across racial/ethnic groups2

Th2-polarized inflammation 
is a hallmark of AD

Intrinsic vs extrinsic (by IgE level)2,3

Type 2             Non-type 2

Acute, subacute, and 
chronic cutaneous lesions5

Time（1 year）

Guttman-Yassky E, et al. Lancet. 2025 Feb 
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J Allergy Clin Immunol. 2025 Jul;156(1):24-40.e4.
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Study Background: Co-occurrence comorbidities of AD.

Ann Allergy Asthma Immunol. 2019;123(2):144-151. doi:10.1016/j.anai.2019.04.020

J Allergy Clin Immunol. 2023;151(5):1155-1162. doi:10.1016/j.jaci.2022.12.002

. de Carvalho V, et al. Presented at RAD 2022; 9–11 April 2022; Baltimore, MD, USA.

Do the comorbidities in AD exhibit heterogeneity?

How the different comorbidities impact clinical treatment.

AD+RA

AD + Anxiety



Outline: Dynamic progression and accumulation of comorbidities in AD
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Comorbidity progression.

The interactions between comorbidities promote syndemics.

Ann Allergy Asthma Immunol. 2019;123(2):144-151. doi:10.1016/j.anai.2019.04.020

Multisystem comorbidity burden

AD was associated with multisystem comorbidities beyond 
atopic diseases.



Outline

• Uncover the comorbidity landscape of AD.

• Reveal how the comorbidities sequence, evolve in AD.

• Investigate the clustering patterns of comorbidities and the underlying genetic contributions. 

• How different comorbidity impact the treatment.

Core Issues We Aim to Address
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Research Question 1：

The Comorbidity profile in AD.

Research Question 1



• AD was associated with 182 comorbidities across 14 diseases system, 

such as asthma, allergic rhinitis and allergic reaction to food.

Research Question 1: The Comorbidity Profile of of AD.



Digestive

Mental

Research Question 1: The Comorbidity Profile of of AD.

Endocrine

CirculatoryAtopic 

……

AD is associated with an increased risk 

of multisystem diseases, extending 

beyond atopic comorbidities and 

cutaneous conditions.



Results 1: The comorbidity spectrum of AD

Many cardiometabolic diseases were associated with AD, including glucose and lipid disorder, 

cardiac dysrhythmias and heart failure.



Results 1: The comorbidity spectrum of AD

Digestive functional disorders, 

gastroenteritis and ulcers diseases 

are also associated with AD.



Results 1: The comorbidity spectrum of AD

Diverse mental disorders were 

associated with AD, including 

acute reaction to stress, 

depression, anxiety and 

bipolar.



Research Question 2：

How the genetic predisposition influence the comorbidities

Research Question 2



In submission 2025

Research Question 2: Genetic Relationship Between AD and Comorbidities

TSMR-PheWAS

PRS-PheWAS

LDSC

AD

Comorbidities

We conducted PRS-PheWAS, LDSC and two-

sample Mendelian Randomization PheWAS. 



Significant correlation: 

• Asthma, allergic rhinitis, urticaria and drug allergies.

• Infections in different system.

Results 2: Genetic analysis



• Scientific question 3：

• How the comorbidities sequence, evolve to form 

temporal trajectory?

• How the comorbidities diverged to clusters and the 

genetic contributions?

Results 3: Trajectory and clustering analysis



Identify the strength of 

associations

Conditional logistic regressions 

were conduct to estimate the 

association between Disease1 and 

Disease2

Confirm chronological model

Binomial tests were utilized to 

identify the sequential order of 

Diseases1 and Disease2

Ensure the comorbidity strength

Relative risk (RR) and Pearson’s 

correlation (Φ-correlation) were 

calculated for each disease pair.

Results 3: Trajectory and clustering analysis



Diseases in cluster

Anxiety

Depression

……

…
…

Cluster-specific score

Calculate the number of 
diseases with each cluster.

The genetic contributors underlying each cluster.

Genetic data

GWAS

Enriched pathways with 

each cluster.

In submission 2025

Diseases in cluster
AR

Tubercu
losis

Pneumonia
……

Bipolar双

Dementia

The significant SNPs mapped genes.

Results 3: Trajectory and clustering analysis



Skin – gut diseases

Musculoskeletal disorders

Mental disorders

Cardiometabolic disease

Infectious disease

ADLouvain identified       clusters5

3,526 disease pairs

954 pairs with chorological relationships 

Results 3: Trajectory and clustering analysis



Atopic and infectious cluster

Results 3: Trajectory and clustering analysis

This cluster start with AR, urticaria, and acute respiratory infections, subsequently 

progress to chronic and multi-organ infections, and drug allergy.



Clin Rev Allergy Immunol. 2016 Dec;51(3):329-337

Results 3: Trajectory and clustering analysis

Increased eosinophil migration decreased mononuclear cell and were enriched.



J Allergy Clin Immunol. 2014 Aug;134(2):247-57； Clin Exp Immunol. 2000;122:16–9； Curr Treat Options Allergy 12, 3 (2025) Cell Mol Immunol. 2025 Mar;22(3); Cell Rep. 2023 May 30;42(5):112494;

Th2 immune activation often leads to barrier dysfunction, pH shifts, thereby increasing 
susceptibility to infection.

For individuals with this comorbidity cluster, biologic agents targeting the Th2 related pathway may 
improve clinical prognosis.

Results 3: Trajectory and clustering analysis
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AD with high eosinophil  level 

had higher risk of atopic and 

infectious diseases. 

Results 3: Trajectory and clustering analysis



Cardiometabolic disorders

Results 3: Trajectory and clustering analysis

The cardiometabolic cluster characterized by glucose-lipid dysregulation, and 
ischemic heart disease, ultimately progressing to heart and renal failure.



Fatty acid, senescence were enriched in this cluster.

Results 3: Trajectory and clustering analysis



J Dermatol Sci. 2024 Jun;114(3):94-103； Nat Rev Mol Cell Biol. 2024 Dec;25(12):958-978； Ageing Res Rev. 2024 Jun;97:102294

Chronic, mixed, low-grade inflammation may 

compromise cardiovascular health.

Anti-mixed inflammation and anti-senescence interventions may have multiple 
benefits for both skin and circulatory system.

Results 3: Trajectory and clustering analysis

Elderly onset AD have increased SASP levels 

originated from fibroblast cells.



Results 3: Trajectory and clustering analysis

This cluster consisted of initiated skin and gut infections and subsequent functional digestive disorders.

Skin-gut cluster 



Results 3: Trajectory and clustering analysis

Toll-like receptor and tight junctions were enriched.



Toll-like receptors (TLRs) are a critical 
component of host defense against pathogens.

Treatment should focus on enhancing innate immune mechanisms and 
preserving barrier integrity.

Heliyon. 2025 Jan 31;11(3):e42226； Allergy. 2024 Jun;79(6):1485-1500

Tight junctions are an integral component of 
the cutaneous barrier.

Results 3: Trajectory and clustering analysis



This cluster included initiated sleep disorder, anxiety, depression, progressed to major depressive 
disorder, and medications-related side effects and ultimately evolved to dementia.

Results 3: Trajectory and clustering analysis

Mental cluster



The complement activation and neurotransmitter receptor activity were enriched.

Results 3: Trajectory and clustering analysis



Neurosci. 2021 Feb;24(2):214-224； Mol Neurobiol. 2025 Jul 11 J Clin Invest. 2025 May 1;135(9):e188352;  Science. 2025 Jan 31;387(6733):eadn9390；J Allergy Clin Immunol. 2022 Jun;149(6):1875-1898. 

Complement activation is both associated with allergic 

responses and psychiatric disorders.

Persistent pain and itch in AD may modulate the function of 

neurotransmitter receptor, thereby contributing to mental 

comorbidity.

Early screening of mental diseases especially the sleep disorder, and suggest the 
interventions targeted on inflammation–neural response interactions.

Mental

Atopic

Results 3: Trajectory and clustering analysis



• Musculoskeletal cluster

Results 3: Trajectory and clustering analysis

Musculoskeletal cluster demonstrated a trajectory of osteoarthritis progressing from 

primary and localized stage to generalized and secondary forms. 



Estrogen activity was enriched.

Results 3: Trajectory and clustering analysis



A subset of women with AD may exhibit hormonal dysregulation, for whom hormone-

targeted (particularly estrogen-modulating) therapies could be therapeutically relevant.

Estrogen withdrawal has been associated with 

osteoarthritis

A study reported that women with AD have 
lower estrogen levels than healthy controls.

Turk J Med Sci. 2023 Nov 21;54(1):330-337. J Allergy Clin Immunol Pract. 2022 Aug;10(8):2066-2073； Int J Mol Sci. 2025 Mar 7;26(6):2391.
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Results 3: Trajectory and clustering analysis



In vivo study Patent licensing

The sex hormone dysregulation in adult-onset female AD

Results 3: Trajectory and clustering analysis

Clinical findings



Take home message

• The comorbidity network and its temporal trajectories display divergence and 

clustering, resolving into five principal clusters with distinct genetic 

contributors ,which can nominate potential therapeutic targets.

• The concept of AD heterogeneity should be expanded to heterogeneity of AD 

syndemics, thereby informing targeted clinical interventions.

Yinli Zhou, M.D.
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