XIANGYA HOSPITAL CENTRAL S5OUTH UNIVERSITY

Elucidating the Comorbidity Trajectory subsequent to AD:

The Cluster patterns and Genetic Contributions

Yi Xiao MD, MPH, Ph.D.

Department of Dermatology, Xiangya Hospital, Central South University
xiaoyixy@csu.edu.cn



mailto:xiaoyixy@csu.edu.cn

@ Study Background

@ Study Design and Results




50tk I 5 A

XIANGYA HOSPITAL CENTRAL SOUTH UNIVERSITY

il Study Background

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

Th2- polarized inflammation p—
— T-helper (TH) cell expression levels
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il Study Background: Co-occurrence comorbidities of AD.
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AD+IBD AD+SLE AD + Anxiety

ﬁ Respiratory

Skin Pneumonia

Alopecia Areata COPD

Urticaria o Ll t Mental health
‘, \ Sleep Disturbance

Depression
Atopic diseases Anxiety
Asthma
Allergic Conjunctivitis Cardiometabolic disease
Eosinophilic esophagitis - M ultisystem burden - Diabetes
Nasal polyps in AD Obesity
Food allergy Stroke
Allergic rhinitis
. l (3 ) Musculoskeletal

Infectious Rheumatoid

Urinary Tract Infection Arthritis

Ear infection Neoplasm Osteoporosis

Keratinocyte cancer

Do the comorbidities in AD exhibit heterogeneity?

How the different comorbidities impact clinical treatment.

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.

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



AD was associated with multisystem comorbidities beyond
atopic diseases.

Asthma —

Food Allergy —{
Rhinitis —|
Conjunctivitis —
Dry eye disease —|
Keratoconus —
ADHD —

Anxiety —
Depression
Suicidal ideation
Suicide attempls

1111

Alopecia areata —
Celiac disease —
Crohn disease —|

Rheumatoid arthritis —|
SLE —

Ulceralive colitis —|
Vitiligo —

Angina peclonis —
Hypertension —
Myocardial infection —{
Stroke —

Type 2 diabetes —|

Ear infection
Pneumonia

Strep throat infection
Urinary tract infection

Contact sensitization
Hand eczema

Osleopenia
Osteoporosis

Y Y

Brain cancer —

Breast cancer* —
Keratinocyte cancer® —|
Lung cancer —
Lymphoma —|
Melanoma —|

Anxiety

Pancreas cancer —|

Moderate to Severe

kAtopic Dermatitis)

I T T T
3 4 5 6

Pooled OR with 95% CI

Haddad EB, et al. Dermatol Ther (Heidelb). 2022;12:1501-1533.
Beck LA, et al. JID Innov. 2022;2:100131

Paller AS, et al. Dermatol Ther. 2023;13:961-980.

Neri I, et al. J Asthma Allergy. 2023;16:383-396.

Ann Allergy Asthma Immunol. 2019;123(2):144-151. doi:10.1016/j.anai.2019.04.020 Ramirez FD, et al. Jama Pediatr. 2019:173:e190025.
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The interactions between comorbidities promote syndemics.

Hypertension

Heart Disease

Food Allergy

Wan J, et al. J Allergy Clin Immunol Pract. 2023;11:3123-3132.

Wan J, et al. J Allergy Clin Immunol Pract. 2023:52213-2198(23)01251
Andersen L, et al. Br J Dermatol. 2020;182:1007—-1016.

Henderson AD, et al. BMC Med. 2023;21:285.

Lowe KE, et al. J Allergy Clin Immunol.
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Bl Outline

Core Issues We Aim to Address

* 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.




Study Design and Results




]l Study Design

Observational study

Identify the diseases associated with atopic dermatitis

Data source

Medical record Exposure

Primary care, hospital record, death Diagnosis of atopic dermatitis was based on
selected ICD codes: L.208, L209, .20, L309,

registory data.
oy 6918, 69180, and 6929

The diagnoses of diseases were

mapped to phecode system. Qutcome

oS Outcome determination was based on ICD-10

.: : — c9) codes and mapped to 1,429 phecodes.

Sample matching

11,065 individuals
with
atopic dermatitis

110,650 individuals
without
atopic dermatitis

1:10
age, sex TDI matched

Statistial analysis

Conditional proportional hazard model

i

Baseline

Outcome events,
Death, Loss or end
of follow up.

The incidence of 1,429 phecode-
defined outcomes

Follow up Endpoints

Disease outcomes associated with atopic dermatitis

Comorbidity Strength

Relative risk and Pearson

Map the trajectory of comorbidities in
individuals with atopic dermatitis

Step 1: Explore comorbidity trajectory and clusters.

Magnitude of Association Temporal Relationship
Risk set sampling and

by .5 . Binomial test
conditional logistic regression

correlation
(Phi-coeffecient)
Comoridity network

Co-occurring Pairs Temporal trajectory

.
PN N

. o S Y o

i E . SALA KT )

L~ CRAER =~

(

( Trajectories of comorbidities
within each clsuter

Comorbidities
with intrinsic connections

) Clustering Anlysis

)

Step 2: Explore the genetic determinants of clusters.

Disese clusters Genoh‘ping array data

Calculate the number of diseases in each Quality control of genetic-level and
cluster for each individual individual-level

Cluster-specific score % GWAS % Genetic data

Annotation through FUMA

Mapped genes
Through SNP2GENE and MAGMA

IndSigSNPs Pathway
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Genetic analysis

Provide insights from genetic perspective

PRS-PheWAS

The disease outcomes associated with
the PRS of atopic dermatitis.

(35 Logistic — 6 ‘“‘

\Q regresswn

LDSC

The genetic linkage between atopic
dermatitis and disease outcomes
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The genetic casual evidence between atopic
dermatitis and 2469 diseases from FinnGen
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B] Research Question 1

Research Question 1:

The Comorbidity profile in AD.



Bl Research Question 1: The Comorbidity Profile of of AD.

35
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Dermatitis herpetiformis
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mpetico * AD was associated with 182 comorbidities across 14 diseases system,

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

Dermatophytosis of the body

Scleritis and episcleritis

Otitis media and Eustachian tube disorders

Chronic ulcer of skin Dermatophytosis / Dermatomycosis . L . .
. . Conjunctivitis, noninfectious
Cystitis and urcthritis

Althete's foot hronic | itis
Oral aphthae Orchitis and epididymitis Chronic laryngitis
. o . _—Temporomandibular joint disorders Hereditary hemolytic-anemias ~ Osteomyelitis, periostitis, and other infections involving bone Acute bronchitis and bronchiolitis
Varicose veins of lower extremity, symplomtic Gastros s ostia] malfunc N ] fact i
. . . astrointestinal malfunction arising from mental factors ic pharyngitis : asoph: itis
Acute gastritis Abscess or ulceration 8f vulva g Pyogenic arthritis Chronic pharyngitis and nasopharyngitis

| Allergic reaction to fodt] Rhcumatoid arthritis and other inflammatory polyarthropathiés

Disturbances of amino-acid fransport Acquired hemolytic anemias

N .
Somatoform diserder
; . ron defici ; ias [Anaphylactic shock NOS \ [(Asthma |
Abnormal glucose Tron deficiency anemias phy | Acute reaction to stross

Nonspecific chest pain

Congestive heart failure; nonhypertensive ) o . Lipoma Sleep disorders |_Allergic rhinitis |
Mixed hyperlipidemia Benign neoplasm of male genital organs __—Essential tremor
— L . . . .. Migraine
Poisening/allergy of sulfonamides Benign neoplasm of skin &
& W & & & & & <5 & & 3 & O 3
\‘5‘@ ’@\0% oz‘%\ \‘%oe {\Q‘} Qo\z i 25"00 BQ\\\ ﬁ\a * %g\w \&& \°@t : *‘s@ 0&?
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| Research Question 1: The Comorbidity Profile of of AD.

AD is associated with an increased risk
of multisystem diseases, extending

beyond atopic comorbidities and

cutaneous conditions.

Conjunctivitis, noninfectious:

Allergic reaction to food

Asthma|

Anaphylactic shock NOS-
Urticaria

Allergic rhinitis

Atopic

Poisoning/allergy of lides

Esophagitis, GERD and related diseases

Chronic sinusitis-

Allergies, other

Adverse drug events and drug allergies

Allergy/adverse effect of penicillin

Fofriooion
v rom
i

e
| b

2

TR

Digestive

Disturbances of amino-acid transport{

Oral aphthae
Temporemandibular joint disorders |—-—~w~—~+—|
Acute gastritis |
Glossitis I |
Atrophic gastritis ——— |
Cholelithiasis and y [ —
Functional digestive disorders ‘ E—— T

Diverticulosis and diverticulitis e

Periapical abscess s
Esophagitis, GERD and related diseases ‘ erefreston
Irritable Bowel Syndrome ——— ]

GERD fofeinimias
i 3 7

LB NP

e

%

XIANGYA HOSPITAL CENTRAL SOUTH UNIVERSITY

Abnormal glucose:
Mixed hyperlipidemia|
Hyperglyceridemia |
Diabetes mellitus
Hypothyroidism

Hypoglycemia{

Endocrine

e

Vitamin D deficiency A
Vitamin B-complex deficiencies }—0~‘~v‘-'=|| rosefian)
Gout |—essingamn
Hypercholesterolemiay [ CURES
‘i 2 3

HR

Mental

Gastrointestinal malfunction arising from mental factors
Somatoform disorder

Acute reaction to stress

Psychogenic and somatoform disorders

Adjustment reaction

Generalized anxiety & phobic disorders

Psychogenic disorder

Depression

Anxiety disorders

Dysthymic disorder

Alcoholism

Psychosis

Bipolar

Delirium dementia and amnestic and other cognitive disorders
Major depressive disorder

Anxiety disorder

'—.muﬂl
|—eemrenere

sz
Forkraim
[T

HR

Varicose veins of lower extremity, symptomtic
Nonspecific chest pain

Congestive heart failure; nonhypertensive
Heart transplant/surgery

Cardiac dysrhythmias

Hypertensive heart and/or renal disease
Hypertensive heart disease/

Hypertensive chronic kidney disease
Phlebitis and thrombophlebitis
Occlusion of cerebral arteries

Phlebitis and thrombophlebitis of lower extremities

Ischemic Heart Disease

Raynaud's syndrome

Heart failure NOS

Transient cerebral ischemia

Mitral valve stenosis and aortic valve stenosis
Varicose veins of lower extremity
Hemorrhoids

Palpitations

Circulatory

——

F——rritania)
—@+sad 4s152)
s
[ )
ootz
|-@-tds (137-1.59)
—@+eed.20167)

2 3
HR
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lIResults 1: The comorbidity spectrum of AD

Many cardiometabolic diseases were associated with AD, including glucose and lipid disorder,
cardiac dysrhythmias and heart failure.

. . . Varicose veins of lower extremity, symptomtic : f * {
Disturbances of amino-acid transport L Cemeres 1
Nonspecific chest pain ! F——®2aszaslery
Abnormal glucose E—er Congestive heart failure; nonhypertensive : I R (5915 |
Heart transplant/surgery : I iz
Mixed hyperlipidemia ! oeseirid Cardiac dysrhythmias : o
Hypertensive heart and/or renal disease : @ ttapas
Hyperglyceridemia I . I . . !
Hypertensive heart disease ! F—essstrsta)
Diabetes mellitus e eeshy Hypertensive chronic kidney disease ! —eeuzd20
Phlebitis and thrombophlebitis ! [ 8B 50 2 4E)
Hypothyroidism e Occlusion of cerebral arteries : [ @00 at26—]
Phlebitis and thrombophlebitis of lower extremities ; E—
H | & | :
Hypoglycemia ' - ' Ischemic Heart Disease ; [ o |
Raynaud's syndrome 1 ———@-+rtios}13)
Vitamin D deficiency f—esrsprn) y y
Heart failure NOS ! —@-sef.aa-1.02)
Vitamin B-complex deficiencies ——— Transient cerebral ischemia ——-sreian,
Mitral valve stenosis and aortic valve stenosis L ——espanien
Gout [—ewsesdam Varicose veins of lower extremity —e-+setarte
Hemorrhoids |—@44e (1.37-1.59}
Hypercholesterolemia Foshrnay o |
Palpitations ! e 20-1.67)
1 2 3 1 2 3

HR HR



lIResults 1: The comorbidity spectrum of AD

Gastrointestinal malfunction arising from mental factors F—®2sof20)
Somatoform disorder; —@2s03.3278)
Digestive functional disorders, Acute reaction fo stress e
gastroenteritis and ulcers diseases Psychogenic and somatoform disorders; f—®2s8{2.1926)
are also associated with AD. Adjustment reaction{ ——®ssrwodors
Generalized anxiety & phobic disorders I O3 tra6-204]
Psychogenic disorder; —o2ad 11251
Depression; o 2180180269)
Anxiety disorders: f——®2ot¢reg29)
Dysthymic disorder ———@-s0+64-0.39)
Alcoholism; F—@+s4] 712.2)
Psychosis; [ orespraansd)
Bipolar; f——@-+s6-t+362.08)
Delirium dementia and amnestic and other cognitive disorders; F—®+s2{3179)
Major depressive disorder; @2 (12145
Anxiety disorder; @+t (1.19-1.43)
1 2 3

HR



lIResults 1: The comorbidity spectrum of AD

Gastrointestinal malfunction arising from mental factors —eeseepo29)
Somatoform disorder —eo2sst3278)
Diverse mental disorders were Acute reaction to stress T
associated with AD, inc|uding Psychogenic and somatoform disorders —®@2ss21826)
acute reaction to stress, Adjustment reaction ootz
depreSSiOI‘], anxiety and Generalized anxiety & phobic disorders b @ssareeaon]
bipolar. Psychogenic disorder —®2ad.1125)
Depression L zasesley
Anxiety disorders e )
Dysthymic disorder f——o-+oprespan)
Alcoholism f—e<o4t7122)
Psychosis f————rasiraaad)
Bipolar ——@-+se-¢rsep.08)
Delirium dementia and amnestic and other cognitive disorders F—@rseeds179)
Major depressive disorder -o+2 (1.2-1.45)
Anxiety disorder @+t (1.19-1.43)

HR



M| Research Question 2

Research Question 2:

How the genetic predisposition influence the comorbidities



We conducted PRS-PheWAS, LDSC and two-

sample Mendelian Randomization PheWAS.

____________________________________________________

PRS-PheWAS

mw  f

Genetic

Environment <«-»> Behaviors predisposition

2% A |
AD )
— .
Multisystem
comorbidities

Chromosome

Chromosome

-

Genetic ) ( Atopic
( instruments dermatitis H Comorb|d|ty>
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f

-
-
-
-
-
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BIResults 2: Genetic analysis

Significant correlation:

« Asthma, allergic rhinitis, urticaria and drug allergies.

 Infections in different system.
PRS-PheWAS

Glaucoma

Otitis externa

Chronic pharyngitis and nasopharyngitis
Obstructive chronic bronchitis
Bronchiectasis

Allergic rhinitis

Asthma

Allergy/adverse effect of penicillin
Adverse drug events and drug allergies
Allergies, other

Allergic reaction to food
Dermatophytosis of nail

Althete's foot

Dermatophytosis of the body
Hypoglycemia

Superficial cellulitis and abscess
Urticaria

Cellulitis and abscess of leg, except foot
Keratoderma, acquired

Impetigo
Heart failure NOS
Varicose veins of lower extremity, symptomtic

Genetic Correlation (OR)

Catogory
Circulatory
Dermatologic
Endocrine metabolic
Infectious
Injuries and poisonings
Respiratory
Sense organs

0.8

e
ol

04

Genetic Correlation (rg)

©
o

0.0

Genetic correlation (rg} with AD
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lIResults 3: Trajectory and clustering analysis

« Scientific question 3:

- How the comorbidities sequence, evolve to form
temporal trajectory?
« How the comorbidities diverged to clusters and the

genetic contributions?
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lIResults 3: Trajectory and clustering analysis

Ensure the comorbidity strength
Relative risk (RR) and Pearson’s
correlation (®-correlation) were

Diseases identified associated with atopic dermatitis
(n =187)

;

association between Disease1 and
Disease?2

calculated for each disease pair. Generate all possible

-------------------------------------- ! Disease1-Disease2 pairs

¢ I
i Confirm chronological model E ( Comorbidity network ) ( Temporal relationship )
. Binomial tests were utilized to : v
i identify the sequential order of ! Atopic demratitis
Y : ! individuals with D1 and D2
. Diseases1 and Disease2 : l l + Vs W +

Atopic demratitis - Atopic demratitis L .

P e e e - | individuals with D2 individuals without D2 The date of D2 dignosis The date of D1 dignose
' Identify the strength of
. associations !
Conditional logistic regressions !
' were conduct to estimate the E ( Estimate the association between D1 and D2 ) ( Confirm the temporal relationship between D1 and D2 )
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lIResults 3: Trajectory and clustering analysis

The genetic contributors underlying each cluster.

—_— o . . o e e . . .y —_— o e e e e e e

s T EEEEEEE- 7 \ 7 N\

Diseases in cluster) | Diseases in cluster Enriched pathways with

( |
| |
| ! each cluster.
| |
I I

- e e .y,

1 |
11 |
11 |
11 |
11 |
11 |

\ /7 \ 7 \

e mm e o omw omm o o - D R pe— -—em = = - e e e e e e =

— /

Calculate the number of
diseases with each cluster.

Cluster-specific score

t
GWAS
m o =

Genetic data

-logl0 P-value

|
s
l
!

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19202122
Chromosome
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Skin — gut diseases

lIResults 3: Trajectory and clustering analysis

3,526 disease pairs

Louvain identified 5 clusters

954 pairs with chorological relationships

Phecode_979 — Phecor a._aeo_zL

Phecode_965 — \\W " -
“
_Phecode_618_1

Phecode_574_3
. Phecode_550_2
- Phecode_627_3

Phecode_947

Phecode_211 =
-2 9 S
3 Phecode_564_1
ha -
Phecode_S30_1.,
Phecode_8

Phecode_960_1+
Phecode_474_1

Musculoskeletal disorders

_ Phecode_270_1
PHecode_11013
PHecode_740_12 ™™ B
Phecode_740_2 pw._‘?‘mg -
A W TS “Preco: GOX:MO_'I 1
F - . -«
o A
Shecode_740 -
- 55 R v 2
Phacods_740.1 P‘\-ﬁﬁ!e:?: PEgSSHes IR0
N :
Phecode_372 - 5 S
Pm;#:‘r‘lma‘ g
Shecode_727_4
Phecade_371_53
Phecode_703. 1

Phecode_735_3
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Infectious disease

Cardiometabolic disease
- ="
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lIResults 3: Trajectory and clustering analysis

Atopic and infectious cluster

This cluster start with AR, urticaria, and acute respiratory infections, subsequently
progress to chronic and multi-organ infections, and drug allergy.

Hallux valgus (Bunion)

Ganglion and cyst of synovium, tendon, and bursa :
; Hemorrhoids
- n

Temporomandu@pmt disorders Viral W _)& HPV

A
Urticaria Anaphyladic§hock NOS Prolapse of vaginal walls o’
y St 'ca}#b p Keratoderma, acquired
eriapicalabscess
Acute laryngitis and tracheitis e ( _,l Cellulitis and absc_g_s_,s of fingersftoes Q
& Symptomatie menopause " ') Y — Allergy/adverse effect of penicillin
Acute bronchitis and bronchiolitis S Postmenopausal atrophic vaginitis
P Migraine P> ( J
Acute pharyngitis - g — / Ingrowing nail Urinary tract infection
& . Chronic pharyngitis and nasopharyngitis
Atopic dermatitis < Sl 4
Acute sinusitis Chronic sinusitis Synovitis and tenosynovitis
: < ;
o Suppurative and unspecified otitis media el -4
Acute tonsillitis A Eustachian tube disordeg s of nail
R = ermatophytosis of nai
) Q .
o . moa — s irculatory
Allerqc ?lnms Hypothyr}Idlsm Allergies, other Dermatologic
1 /"/ v Digestive
Vaginitis and. vulvovaginitis ! . ?
g - g Carbuncle ar:‘d_fumnde"" Conjunctivitis-aoninfectious @  Endocrine metabolic
- \ . R = \ Genitourinary
Herpes simplex Conjunctivitis, infectious - Hematopoietic
E 2 p
t Dermatophytosis )
Irritable Bowel Syndrome Infectious
3 4 Mental
Sexually tranSmitted infections Lipoma Musculoskeletal
& . Neoplasms
Althete’s foot Lymphadenitis Neurological
4 { /- Respiratory

= s
Bronchitis Herpes zoster ense organs



lIResults 3: Trajectory and clustering analysis

Increased eosinophil migration decreased mononuclear cell and were enriched.

Atopic and infectious cluster
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lIResults 3: Trajectory and clustering analysis
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Th2 immune activation often leads to barrier dysfunction, pH shifts, thereby increasing

susceptibility to infection.
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, For individuals with this comorbidity cluster, biologic agents targeting the Th2 related pathway may
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improve clinical prognosis.
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lIResults 3: Trajectory and clustering analysis

AD with high eosinophil level
had higher risk of atopic and

infectious diseases.

The comorbidities of AD across different level of EOS
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Category
® circulatory system

injuries & poisonings

Anaphylactic shock NOS Allergy/adverse effect of penicillin .
respiratory
Allergies, otiier
Anaphylactic shock NOS HR
Adverse drug events and drug allergies ‘ 2
Allergy/adverse effect of penicilli . 3
Bronchiectasis Acute bronchitis and bronchioliti
C T 4
Bacterial pneumonia hronic sinusitis N
Allergic rininitis
Obstructive chronic bronchitis o _ Pneumococcal pneumonia———=
Pneumonia Chronic airway obstruction Obstructive chronic bronchitis
Acute bronchitis and bronchiolitis
Chronic sinusitis Postinflammatory pulmonary fibrosis Pneumggig
Respiratory.failure Bronchiectasis| Nasalpolyps
Asthma
Allergic rhinitis Bacterial pneumonia
Low High

Group
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lIResults 3: Trajectory and clustering analysis

Cardiometabolic disorders

The cardiometabolic cluster characterized by glucose-lipid dysregulation, and
ischemic heart disease, ultimately progressing to heart and renal failure.
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lIResults 3: Trajectory and clustering analysis

Fatty acid, senescence were enriched in this cluster.
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lIResults 3: Trajectory and clustering analysis

Elderly onset AD have increased SASP levels Chronic, mixed, low-grade inflammation may
originated from fibroblast cells. — compromise cardiovascular health.

Low-grade chronic Ageing-related pathologies

A B cxcLi2 ccLig e c g F
. 2 inflammation Cardiovascular diseases

CXCL12 3 -
CcCL19 2 2 ; ; :
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: = e ©
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e

ICOL11A1
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Fatty acids (FAs) or cholesterol
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v LoXs 1
2 FA-CoA > @ < > Free PUFAs > Oxvlipins
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I Anti-mixed inflammation and anti-senescence interventions may have multiple
: benefits for both skin and circulatory system.

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



lIResults 3: Trajectory and clustering analysis

Skin-gut cluster

{ )
Abscess or ulceration of vulva

Circumscribed scleroderma O

; ' Hypertensive heart and/or renal disease
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- 5 e : l -
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£ - WA M
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J Gastrointestinal malfunction
Dermatitis herpetiformis
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This cluster consisted of initiated skin and gut infections and subsequent functional digestive disorders.

Circulatory
Dermatologic
Digestive
Endocrine metabolic
Genitourinary
Hematopoietic
Infectious
Mental
Musculoskeletal
Neoplasms
Neurological
Respiratory

Sense organs



lIResults 3: Trajectory and clustering analysis

Toll-like receptor and tight junctions were enriched.

Skin-gut cluster
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Vitamin C (Ascorbate) Metabolism
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SARS-CoV-1 Targets Host Intracellular Signaling and Regulatory Pathways
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lIResults 3: Trajectory and clustering analysis

Toll-like receptors (TLRs) are a critical
component of host defense against pathogens.
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Tight junctions are an integral component of
the cutaneous barrier.
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lIResults 3: Trajectory and clustering analysis

Mental cluster

This cluster included initiated sleep disorder, anxiety, depression, progressed to major depressive
disorder, and medications-related side effects and ultimately evolved to dementia.
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lIResults 3: Trajectory and clustering analysis
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The complement activation and neurotransmitter receptor activity were enriched.
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lIResults 3: Trajectory and clustering analysis

Complement activation is both associated with allergic Persistent pain and itch in AD may modulate the function of
responses and psychiatric disorders. neurotransmitter receptor, thereby contributing to mental
comorbidity.

A
B

Atopic —

Mental SAtoxin HDM Pollen Haptens Proteases Peptides = Itch/
Y, ) Scratching

—

L
e

Peripheral danger

Microglia Engulfment

X 1] L‘W :Y TR4*: Npr

.\-'.-"A-‘ :

Classical toxins : | Histamine ' Brain \‘ \ ol = Rr\[J);{‘BFT‘PR
- Bee venom Protective Proteases \ GABA. GA
+ Bacterial toxins Th2/IgE response Toll-like receptors , GAL,
s sa—— Cytokines Spinal cord DYN, GLY
iomok / (eg IL-4, IL-13, IL-31, g Mechanical:
* Slug hemolymp! e I IL-33, TSLP) = p N NPY
* Metals B s Peripheral nerve ,\"/ Y
i \ Endothelin, PGE; \  Spinal
Serotonin, LTB,, LTE, \ neurons
Omnipresent exposures 2 Substance P
' Pathological Mas-related GPCRs ERK1/2-JAKs, Ca?* ‘ CGBRNPRSP
- Sources of allergens (e.g., house dust mites) Th2/IgE response (MRGPRX1, BRAF. cCAMP 20N e , Qs
+ Penicillin derivatives MRGPRX2, MRGPRD) : ~ Cfibers e WAnate,
- Foods (e.g., peanut) lon channels Opioids
« Pollutants
P o = = e e e e e e e e e e = - -
° ° ° o I
: Early screening of mental diseases especially the sleep disorder, and suggest the :
,  interventions targeted on inflammation-neural response interactions. |
e o o o o mm e e mm mm mm mm Em o o mm mm mm mm e mm e mm mm Em mm mm mm mm mm m e mm mm mm mm e mm mm mm mm mm mm mm e e = |

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.



BIResults 3: Trajectory and clustering analysis G0 vk M S ok

« Musculoskeletal cluster

Musculoskeletal cluster demonstrated a trajectory of osteoarthritis progressing from
primary and localized stage to generalized and secondary forms.
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lIResults 3: Trajectory and clustering analysis

A study reported that women with AD have

lower estrogen levels than healthy controls. Estrogen withdrawal has been associated with

osteoarthritis

Comparison of hormone results during minipuberty between girls with AD and girls in the control

group.

J— Estrogen
Girls with AD Control girls = » \
P 5
Mean £ SD |Median (Q1-Q3) (Mean £ SD |Median (Q1-Q3) &
pr————
Age (weeks) 9+23 9 (8-11) 7.7+ 2.4 7 (6-10) 0.082 Bl Damaged e g
Weight (kg) 57+ 067 |5.6(51-6.4) 491066 |4.9(45-52) <0.001 /" chondrocyte
Length (cm) 57.3+27 |56 (55-59) 541+ 299 |54 (52-55) 0.001 4 N e
BMI (kg/m2) 17413 |[17.1(16.3-18.3) |16.6x1.3 16.6 (15.6-17.4)  |0.049 ,/ \\_ > 8 /
Weight SDS 0.87 +0.91 |0.68(0.34-1.57) |0.25+0.95 |0.23 (-0.52 t0 0.97) |0.03 “‘-. \ N
Length SDS -02:08 |-0.15(-09t0 |-0.83+1.02|-0.83 (-1.75t0 0.024 x //J \
0.54) -0.06) * J on e Y =B GABA
” s
Weight-for-length  |1.12+0.81 |1.13 (0.52-1.69) |1.2+0.93 |1.28(0.55-2.09) | 0.759 ﬁ:::em,un- @ ‘ Bax
SDS G L I B
= \ IL-1B. IL-6. N\ 20
FSH (U/L) 5.43+432 (3.83(248-7.22) |7.1+7.91 |3.74(2.07-104) |0.869 \ TNF-g. MMPs\_ § J. /
LH (U/L) 0.34 +0.38 |0.2(0.1-0.4) 121242 |0.4(0.1-0.9) 0.353° i . T gh »— :
R e ——— euron
Estradiol (ng/L) 6.8+ 4.4 5 (5-6.4) 9.4+5.1 7.9 (5-12.4) 0.023" N = e“lde“h
Testosterone (ug/L) | 7.3 + 9.7 25(25-12.7) |10.7 £10.1 |8.5(2.5-15.3) 0.056" e~ - /
Prolactin (pg,/L) 357 +32.1 |31 (15-41) 37.4+14.1 |32 (26-49) 0.223" SEa— - il : —— Facilitate
ocic
DHEA-S (ug/dL) 411331 |27 (18-56) 56.2+44.5 |39 (26-65) 0.099" e s
TSH (mU/L) 3.57+2 2.03 (2.2-4.89) [2.3+1.9 1.9 (0.58-4.37) 0.034 | Restoain
FT4 (ng/L) 13.8+1.4 [13.7(12.6-15) |16.2:24 |16.4(145-18.2) |<0.001 g
KOA
[ = = = = == e om o o o e mm e mm e em e mm mm e em o mm Em e mm e Em Em e Em e Em Em e Em e mm e e Em e e = = e —
I L3 L3 L3 L3 I
A subset of women with AD may exhibit hormonal dysregulation, for whom hormone- :
|
|
I targeted (particularly estrogen-modulating) therapies could be therapeutically relevant. 1

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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The sex hormone dysregulation in adult-onset female AD
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Il Take home message

- The comorbidity network and its temporal trajectories display divergence and  vinii zhou, m..
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.
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