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Abstract

The pathology of urticaria is complex. Recently, researchers have widely focused on the role that the coagulation/fibrinolysis
system plays in the pathology of urticaria. The potential of coagulation/fibrinolysis biomarkers as disease severity or treat-
ment response biomarkers remains uncertain, lacking comprehensive analysis in previous studies. Hence, we performed a
scoping review to thoroughly analyze coagulation/fibrinolysis biomarkers that may predict disease progression and treatment
response of urticaria. Data from 71 studies showed that chronic spontaneous urticaria (CSU) was the most-studied subtype
(39 articles), with D-dimers being the most researched marker (56 articles). Twenty-one biomarkers were investigated, and
ten biomarkers were significantly correlated with disease severity. Specifically, D-dimers (26 articles) and prothrombin frag-
ment 1+2 (F,,,) (12 articles) plasma levels increased with exacerbation and decreased with remission. Biomarkers such as
D-dimer also correlated significantly with inflammatory cytokines and complement, suggesting interactions among coagula-
tion, immunity, and inflammation in the pathology of urticaria. While these biomarkers may predict treatment response, more
evidence is needed. Additionally, anticoagulants such as warfarin, heparin sodium and tranexamic acid have been proved
effective for urticaria. This review emphasizes that some coagulation/fibrinolysis biomarkers (such as D-dimer and F,)
may be not only indicators of disease status but also potential predictors of treatment response. It aims to assist researchers
and practitioners in gaining a better understanding of the close relationships among coagulation/fibrinolysis biomarkers, the
condition of urticaria (especially chronic urticaria, CU), and its prognosis. It also provides new directions for future research
on exploring treatment methods via the coagulation/fibrinolysis pathways.
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Introduction

Urticaria, characterized by hives, angioedema, or both, is
an inflammatory skin disorder [1]. It is also recognized as a
mast cell-driven disease associated with histamine and other
inflammatory mediators [2] and is more commonly diag-
nosed in women [3]. The high recurrence rate and bother-
some symptoms, such as itching and hives, may cause severe
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between urticaria and coagulation cascade activation also
exists. Recent researches indicate a multifaceted patho-
physiology, involving the immune system, the inflamma-
tory response and the coagulation/fibrinolysis process [13,
14]. Skin immune cells not only produce pro-inflammatory
cytokines, but also promote the over-expression of coagula-
tion factors, such as tissue factor (TF) [15, 16]. The intricate
interactions between the coagulation/fibrinolysis system and
the immune system exacerbate the inflammatory response
of urticaria and also increase the complexity of this disease
[16], but the causal relationship among the three systems
needed to be supported by stronger evidence.

Asero, R [17] found that patients with a negative autolo-
gous serum skin test (ASST) may be positive in the autolo-
gous plasma skin test (APST) and the positive rate of APST
in CSU patients is much higher than that of ASST. The
plasma component in APST is rich and contains factors
such as thrombin, which suggests that abnormal activation
of the coagulation system may be related to the pathogenesis
of CSU [17]. However, another study [18] also found that
APST and ASST results are mainly unaffected by coagu-
lation abnormalities (like thrombin generation), implying
thrombin may not directly be involved in skin autoreactivity.
Studies on APST/ASST in CSU showed conflicting results,
needing further research. The degranulation of skin mast
cells in urticaria has been reported to be linked to elevated
plasma levels of thrombin, and thrombin-induced activation
of mast cells is contingent upon Ca>* [19-21]. Coagulation
factors may activate mast cells via multiple pathways. For
instance, in the skin of patients with CSU, TF activates coag-
ulation factors, then activates mast cells through protease-
activated receptors 2 (PAR-2), and can also induce thrombin
production to trigger mast cell degranulation, giving rise to
the symptoms of urticaria [14]. Some researchers [22, 23]
also have evaluated the relationship between coagulation
cascade and urticaria by measuring coagulation/fibrinoly-
sis products. For example, higher plasma levels of D-dimer
and Prothrombin fragment 1+2 (F,,) might be associated
with the severity of the disease, which implied that the exog-
enous coagulation and fibrinolysis system might be activated
[24, 25]. In addition, previous studies have provided evi-
dence that dipyridamole, heparin sodium, and warfarin can
be effective for CU [26-28]. Nevertheless, currently, the
literature regarding the association between urticaria and
coagulation/fibrinolysis is confined to a few isolated studies,
limited case collections, and a few reviews of pathological
mechanisms. Furthermore, these reviews concerning urti-
caria and coagulation were all founded on restricted search
biomarkers, leading to generally small patient populations.
Hence, there are still uncertainties regarding the potential
utility of coagulation/fibrinolysis biomarkers as bioactive
markers to gauge the disease severity, and treatment respon-
siveness in urticaria.

@ Springer

Taking all these into consideration, we performed a com-
prehensive scoping review to reveal the relation between
coagulation/fibrinolysis biomarkers and disease severity, and
to assess whether these biomarkers can predict treatment
response in patients with urticaria. We also aim to map all
anticoagulants for urticaria, in order to gain a deeper under-
standing of their application scenarios and usage details.
This study will improve our understanding of the immuno-
logical, inflammatory, and coagulation mechanisms driving
urticaria, offer insights into treatment response prediction,
and guide more targeted therapeutic interventions, thereby
optimizing patients’ care.

Methods
Search Strategy

A search was performed in Pubmed, Web of Science,
Embase, and Cochrane from inception to November 1,
2024, and was limited to the English language, according
to Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews methodology
(according to PRISMA-ScR [29]; see Supplementary
Table 1). The detailed search strategy was available
in Supplementary Text 1.

Eligibility Criteria
Population, Intervention, Outcomes

We included studies that met the following criteria: patients
with urticaria, without any age restriction or type specification,
in which coagulation/fibrinolysis biomarkers were measured
or anticoagulants were used as intervening drugs.

Study Types

We included observational studies and interventional studies.
Animal studies, conference abstracts, reviews, and editorials
were excluded.

Selection About Sources of Evidence

Titles and abstracts were screened by two reviewers. All
potentially relevant references were retrieved in full-text and
independently assessed by two reviewers. Any disagreements
were resolved by consensus or through discussion with a
third reviewer.
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Data Extraction and Cataloging

Two reviewers independently charted the data from each
source of evidence in a standardized fashion for aggre-
gated analysis. Standard data elements included: study type
(observational studies and interventional studies), countries,
journals, population of patients, sex composition, age, coag-
ulation/fibrinolysis biomarkers, and anticoagulants.

Synthesis Methods

For some continuity data, meta-analysis was performed
using R 4.1.3 “meta” package 6.1.0. In a qualitative
approach, we organized the content of the studies themati-
cally, and reviewed how clinical coagulation/fibrinolysis
biomarkers associated with urticaria. For the basic infor-
mation data, GraphPad Prism 8 was used to perform simple
quantitative analyses and visualize the number of authors,
countries, and Journal Citation Reports (JCR) categories.
In addition, VOS viewer (version 1.6.16, Leiden University

Center for Science and Technology Studies, Leiden, Neth-
erlands) was used in this study to draw co-occurrence maps
of the authors and keywords.

Results
Study Characteristics
Search Results

A total of 1813 records were identified. After eliminat-
ing duplicate documents, 1,307 remained. Following title/
abstract screening, only 176 studies were left. Subsequently,
after screening for literature types, 79 full-text articles were
left for eligibility assessment. Finally, 71 studies [17, 19,
24, 26-28, 30-94] were included in the scoping review. The
detailed flowchart of the literature search is shown in Fig. 1.
The characteristics of the included studies and the baseline
characteristics of the patients are detailed in Tables 1 and 2.
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Fig. 1 Study flowchart. Subscript: PRISMA diagram of the literature search

@ Springer



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 4 of 36

25

Nndd 1oy
JUSWIEI) JATIOYD Ue
9q UEd PIoe JIWEexXaueI] |
SUOIBQIAJEXD
padnpul-gIvSN pue
eLIRONIN snoduejuods
Ul 30q POAJOAUL SWSIU
-eyoow oruagoyyed
M d1opIo)ul Aew
Kdeoyy juenseoonuy |
syuaned
+LSdV/ LSSV Ul

uey) , LSdV/. LSSV
ur 19YS1Y 9IoM S[IAJ]

Tty ewserd ueoy ‘7
(100'0>d
/10w [1¢°0] 08°0 sa
[9¢°€1 90°¢) sjonuod
reuttou uey) <ty jo
S[oA9[ Iy 1Y AueoyTu
-31S ® pomoys sjuaned ‘|
ND Wim juaned
Ul J09JJ9 drjewWRIp pey
wnrpos urreday ey
poyrodarjsig eny) T ST
(OATA UT)
S[[99 Jsew pue (0NIA
ur) syiydoseq yjoq woiy
9SBOaI QUIWEISIY SII
-quyur wnipos utredoy ‘|
nout
SISBISIP JO 19SUO I
[)IM PIIRIOOSSE ST W)
-sAs uone[nseos Y], g

a1qentea st )
ur uLIejIeMm Jo asn ayJ, ‘|

VN

(S0'0>d
ILE0=1)
PaIR[1I0D
Q1om AJLIOAQS
BLIBONIN
pue <l

VN

VN

VN

(ooD1

VN

(98)
19/(1°€9) 1§/

VN

(28]
8/(L9) S0T/

VN

VN

VN

N+_n~

VN

VN

ANI
T LV
BIIXd

Sl

VN

VN

VN

4

99

0L—81

94

w

! (oo 1

1 o

96 (SLyzL

I (oom 1

90¢ (L°9) 10T

P18}

Arey

Ao

3N

e

N

j10dar ase)

j10dar ase)

Apmis
[onu0o—ase)

j10do1 ase)

Apms Teuon
-00s-$501D)

j10da1 ase)

[+¥] 9002

nda uappays O

BLIRONIN
paonpur
-aIvsSN

[+81 a900¢
¥ ‘o10sy

[L1]®900T
no ~d ‘orosy

[zl so0T
no END TS

[s¥] 100

no " ‘o1esy

lo€] 8861
N [ ‘souof-yyag

sawodnQ

uone[a1Io)

(%)u,.LSdV
/+1SSV
/BWIdP0ISUY

sIoyIeworg

(K) voneing

(K) 9By

u syjuaned (%) u S9[eUId

g

ugisop Apmg

oseasyq  Jedk soyny

S[BLI} [EUOIBAISSQO PAPN[OUIL Y} JO SOTISLIBjoRIRYY) | d|qe]

pringer

AQs



25

Page 5 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

p[ld puv
uadoutiqif
puisvjd
‘¥O puv
€D uaut
RLIBOMIN -11duioo
woiy suswroads ‘S pun )
Ksdorq jo sturrep o) u12104d
ur punoj a1om syisodop puIsv]g
uadouriqy juepunqy ‘g ‘LIdV
(0z/€T) TouIp-q Jowirp-d pue qd 11d
pue (07/LT) IVLJO  LV.L s paje 11 LV
S[OAS] PIIBAS[Q PIMOYS -1100 A[y3nox ONAS
sjuaned erreonin jo Sem Usel urys ‘LVL Apnis [1%]
uoniodord 981e[ V '] JOIUAIXD YL ‘wip-q VN  (2TL-87) 6'9¢ 0¢ (09) 21 uede[  [onuod-osE) N> 800z " ‘I
(10°0>d) sjonuoo
uey) ND Pim sjuened
ur 1oy3y Apueoyrugis
QI9M T, JO S[OAS[ 9L °S
“(100°0>d “Tw/3u
[S9°0] L6'T sA [99°0]
98°7) S[O1U0D uBy)
sjuaned ur JoySIy o1om
BI[d JO S[PAQ[ YL ¢
(100>d ‘Tu
/3u[0800'18] 9€T sa
[00°881] 67¢) sonuod
uey) sjuaned ur 1oySIy
QIOM S[OAJ[ JoWIP-(T '€
Tt1 1 JO S[9AS] parRAS[d
ApueoyrudTs pamoys
siened jo %0¢ ¢
{(100°0>d “T/Towu (8000=d AL
[9z'0] L8'0sA [LST] 1675°0=1) ‘rowrp-g
$G°7) S[01U0d uey) parerax IIXA
sjuoned ur JoySiy orom  -100 arom Tt (¢'L6) ‘BIIXA Apmys [zl Loot
Tl Jo spAdL YL | PueeIAI T 9€/(L'L9) 1T/ L (T8—¥1) St LE (#'8L) 6T Areil  jonuod—ose) no "y ‘oresy
(%)u,1SdV
/+LSSV
sawoonQ uone[aLIo) /ewdploIuy  sioyreworg  (K) uonein(g (K) 98y usyuoneg (%) U SorewIag ang  uSisop Apmig oseasyq  Jeak Joyiny

(ponunuoo) | sjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 6 of 36

25

un[s [BUOISa] ND
ur 4.1, JO 92In0s urew
oy a1om sprydoutsoq g
ULs [eUOIS9[ ND
ul punoj uveq sey 4L,
Jo uorssardxs Suons y °[
(syuened
N 219A9s 03 paredwod
1000°0=d “1/1oud
961—¢€C1) 651 sem
[PA[ T+ T4 W
pue ‘(syuaned ND
Q10A3S 0} paredwod
100°0=d “T/[owu
79'T—96°0) {1 sem
[QAQ] JowIp-(] oy}
‘s300lqns [ewIou 10 *¢
(syuenyed
N 219A9s 03 paredwod
€00'0=d) T/[ouu
8CT0 SeM [PAJ] T+ 14
oy pue ‘(syuened ND
Q19A3S 0} paredurod
100°0=4d) 71/Iowu 99°'7
sem syuaned D SIS
UT [QAQ[ JoWIp-(J YL '
no
W31s Pim sjuaned ur
PUNOJ 950y} papaddxa
K[o31e YeU]) S[9AQ] PRy
‘(110w 66°0) T+ 14
pue (‘J/[owu Oz 171)
JowIp-( Yjoq JO S[AJ]
URIpSW ey oym 1)
QI9AQS M SjUAnRd |

VN VN

(zo00=d

‘v9°0="
+1d

M PIJR[AIIOD
Apueoyrugrs
sem Jowip-( °[ VN

4L VN

Ty
‘owrip-q VN

(0L-81) 6€ 0¢

(c9) €1

@0 Ly 8 (€79 ¢

Arer

A1

Apms
[onu0d—ase))

Apnys
[01IU09—aseD)

[zr] 600C
NDx ‘N ‘ou3n)

[e¥] 800T
NDx  ‘oresy

sawodnQ

(%)u,1SdV
/+LSSV

UONE[ALI0) /BWIPA0ITUY

sioyreworg  (K) uonein(y

(K) 98y u syuoned (%) U soewo

g

ugisop Apmg

oseasyq  Jedk oyny

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll



25

Page 7 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

uLIejIem 0)
anp A[qrssod ‘asuodsax
9SIOADE UE pRY ‘SYoom

Z urgiim asuodsar

[eo1Ur[d JO JASUO Uk
pey oym ‘syuaned om],g

[emeIpyIIm

uLrejIem 1938 N[O

JO 90UQIINOAI OU SeM
Q1o ‘syuanyed vy uy ']

(10000=d)
(/1owd 80°0F #5°0)
s100[qns [ewIou ur uey)
(1/10ud 06°0F00°8)
sjuaned D ur 1oy3IYy
Apueoyrusis orom
dOHA JO S[2AS[ YL T
T/lowu [970°0] S0
JO UOIEBNUIOUOD € 0)
PIsBAIoUL S[OAR] T+ [ ']

nv
Q10A3S Yim sjuaned [re
ur (TuySu oG >) a3uer
KI0jRIOQR] [RWIOU
9y} 9A0QE 219M Suon
-BIJUQOUOD JOWIP-(] ‘T
(100°0>d ‘A1oan
-oadsar “quy/3u [ogg—
08] o1 pue [081—0¢]
L1 'sa [osy— 02zl 090)
s109(qns Ayjreay pue
NV 9eI1opow/pyiu
s syuaned s
paredwos Ny 91098
ym syuaryed ur 1oy3iy
Apueoyrugis arom
IowIp- JO S[oAd[ YL ']

VN

(€v0'0=d)
JOHA s
PaJL[a1I0d

SemM T+ 1d 1

A2UIp-(] puv
(1142428 2sD2
-S1p U22MI2q

UO1D]24L0D

JupoLiuss ou

SDM 242Y ] °T

(oon)
$/(08) ANI

SI0D) 1 Id (I2T0SL0

(1°58) €9// g VN

VN Towip- VN

09 9LeE S 09 €

v ey 08 (T9oL) 19

(tr-10) ¢ Ll (69 01

[82] 6002

epup  Jiodar ase) INID 'V 'd ‘USAYRIN

Apms [6€]1 6002
A  [0nuU0d-3se) nD 'V ‘1yosapa],

[o¥] 6002
Apms 'y ‘oefeyz

pue[od [01UOI-ISBD) NVx -eystodsey]

sawodnQ

UONE[ALI0) /BWIPA0ITUY

(%)u,1SdV

/+LSSV
sioyreworg  (K) uonein(y

(K) 98y u syuoned (%) U soewo

s  u3isep Apmis aseasyq  Jeak Joyny

(ponunuoo) | sjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 8 of 36

25

(€0'0=d *Tw/Su (zoo0=d
[L'911S6TT 'sa [£'8pT] YOL'0=+)
T'H8%) S[0NUOS [eULIOU Jowrp-g
ur uey) sjuenjed 9soy)  pue (¢00°0=d
ur 10y31y Sem [oAd] ‘6R9°0=4)
JowlIp-(J ueaw 9y J, ¢ ct+1d30
sjuoned D S[OAQ] AU} YPIM
AneSoU-1SdV 91/L Ul PaIe[a1I0D
PAJBAD[Q 1M JOWIP-(] sem K)LIoAQS g Apnys [o¢1 1102
pue &1 g Jo speas] o, T oseasip UL °[ (829) LTl “Towp- VN (@CL-LDSer (97 (1°59) 8T Ay [onuoo-ose) no  ‘o1esV
NSO Pim
sjuaned ur pajeAd[d
9q 0] punoj aIom (L99) Apms [eel 1102
1 jo spadr Ay, T VN  82/(29) 97/ “lg VN (9.-80) L'S€E [4% (89 €T Aoxny,  [onuod-ose) no ‘H ‘ZIPITA
(00>d)
JOINAS
Jo sojer
aanrsod pue
‘(100> d)
t+i1d
ND Yia sjuoned (00>d)
ur pojead]e Apueoyrusis Jowrp-( DINAS
1M DIALS Jo sorer JO S[oA9] A} ‘uago
oamisod pue d(d  WIM Paje[eLIod -uuqr] ‘ddd
pue ‘Jowp-(q ‘ued sem K)LI10AdS T Apmis [¥€1 1102
-OULIQY JO S[9A9[ YL *[ 9SBasIp SYL [ VN ‘owip-q VN (8D Ly 9¢ VN ueder  jonuoo-ose) no "L ‘epayeL
(A1oanoadsax
Twy3u [0zz—08] Ov1
'sA [S61— SLTI 0SE 9seasip ay)
‘C10°0=d) s102lgns  Jo AJ11oAds oy
Aqitesy oy s uo papuadop
poredwod 1owp-q  9JeIS UOTIBANIOR [sel 1102
JO STOAQ[ oy} Joy31y onejsow Apmys 'y ‘oefez
Apueoyrusis pey Ndq T -eRY UL [ Jawip-g (€v-87) L€ 8 (cLe)e puejod  [0nuUOd—osED) nda -eyysradsey
Iowrp-( JO [QAJ] oY)
Ul 9SBAIOUT UB PAMOYS  ()D) JO AJLIOAS
syuaned (%6¢) 8 Jo oseasIp o)
67 PUR ‘aSuel [eWIOU  [IIM PIJR[OII0D
OU) POPIROXd ND UMM AI9M YD pue
siuaned (%12) 1830 LI Jownp- ‘ddd ddd Apmis [Lelo10C
Ul ddd JO S[PAS[ YL "[  JO S[eAS[ 9YL °[ (1'80) 81/ ‘owrp-q (08—) S'6¢ 4] (TeL) 09 ueder  [onuoo-ose) nrynod 13eyeye], §
(%)u,1SdV
/+1SSV
sowodnQ uone[erIo) eweproISuy  sireworg  (£) uoneing (K) 98y usyuoneg (%) U SorewIag s uSisop ApmiS aseasiq  Ieak Joyiny

(ponunuoo) | sjqey

pringer

AQs



25

Page 9 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

(%€'8P) (LES 0=+
syuoned g¢ ul [eULIOUqR ‘50°0>d)
SBM [AQ] JaWIp-J ‘¢ Jouwip-J Jo
OID WPIm - S[2A9[ Y Im
syuaned Tey], Jo Jrey PRIB[21I05 (S9¢) 1€l €102
A[Ieau ur [9A9] JoWIp-(J sem AJLIOAS S¢S/ 7€) Apms ' “yeuerem
PJeAI[D Uk sem I, “[ 9seasIp YL [ €¢/(9) 9 Jowp-@  (0€-ST0) T (€£-91) 8'8¢ 0zl (SL) 06 PUE[IRY],  [0NUOS—OSED nro -Suomiig,
s[onuod Ayiresy
WOIJ JUSIIP Apued
-y1ugIs Jou a1am ¢ Jo
SIoAS] 9YL (10°0> d)
S[onuod AY)eay ur
asoy) 03 Jorradns arom
syuoned D uI D pue
BGD JO S[PAd[ YL °C
(10°0>d) swuened (A1oAnoadsar
ND ur 1oySTy 21om 600>d
EXTA JO STOAS[ YL “f ‘CE0=+
(100> d) 12y31y '50°0>d
Apued ‘66 0—=-
-yrus1s orom 7+ [ ‘100>d
Pue V. JO S[9A9[ UL ¢ ‘ELO=4
(100> d) sywoned 100>d
IV Ul 1oySTy a10M ‘660 =H
]I JO S[OAS[ UL T ‘100>d
sjuaned ‘18°0=-)
ur (10°0> ) pasearddp syjuaned ND
AI9M Y J-1 JO S[OAJ[ Ul $9100S WO}
o o[ryM (10°0>d) -dwfs yim
Apueoyrudrs pasearour PoIB[A1I0D BIIA]
A1oMm A IAH JO S[eA9] oM Vd-) ‘vd-
oy ssjuaned N pue pue Y MINH SIMINH
av u (100> d) “Iowp-q g
Apueoyrusis pasearout ‘LVL ‘T+1d ‘IVL (69-L1) Apms [61] €T0CT
IOWIP-(J JO S[PAS[ SYL "[  JO S[OAS[ SYL “[ VN ‘owip-q VN 8€/(€9-C1) €€ or (SLv) 61 BUIYD  [OUOd—9sED) no/nv nyz uefinyg
NID Ul pajesd[o “lg
olom IowlIp-(J pue 1V.L ‘LVL [zel z1oe
14 Jo SpAdL YL, T VN VN ‘routp-( 6 65 (00DI [ oerodeSurg  1rodorese) nr d ‘Sundg
(%)u,LSdV
/+1SSV
sawodnQ uoneaLo) \NEOUDOMMG/\ SIayreworg TAV uoneInd A\Av Uw< u syuaned A«w&v U S9relIo RILEN Emﬂmuﬁ %ﬁ—dm aseaSIJ ek Joymy

(ponunuoo) | sjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 10 of 36

25

(To'0>d

07 =1) 2uriods

-0[0Ad 0} asuodsax

Y} YIIM UOTIR[QII0D

QANR3AU JuUBOYIUIIS

A[USTY © pamoys S[oAJ]
Jowp-(J aurfeseg ‘g

‘syuaned (%29)

Jowrip- jo
S[OAQ] 9y} pue
K)IAT)OR 9SBQ
-SIp udamlaq

62 JO 8T UI PAIBAI[Q UOTJR[OII0D
QIoM IQWIP-(J dUI| JuBOYIUSIS © Apms Teuon [zs]s10T
-9SBq JO S[9A9[ YL [ SeM 9L [ VN Towip-ad (Le)ec (SL-11) 9% 6¢C (69) 0T Area -998-8S0ID NSOy "y ‘oresy
jusuean
19)J [eWLIOU PauIn)
JoWIP-(J JO S[oAS[ 9L "¢
aseasIp
9 jo aseyd aanor BLIBONI)
oy Surmp u/3Sd jual
000% uey) aIow a1om USC) | [6¥] 102D
JOWIP-(J JO S[PAS[ YL [ VN VN Jowrp-q VN 0c 1 (ooD 1 epeue) woderose)y  [eodlyy  IA ‘Joyyorryy
A3 1o
puv dy> puv
{31124 asD2
-SIp U22MIaq
UOD]2LLOD
JuDIYIUSIS ou
dnoi3 sowrp- [euriou SDM 242Y ] °7
sy uey) Sy 19Y3Iy (S00>d
Apueoyrugis pey dnoi3 ‘LE0=H
Jowp- pasrerayL 'z 1D ‘100°0>d
[2A9] ‘0€°0=+NV)
JQWIP-(] POSBAIOUI UL SVN yim
PeY %9°6€ ND /%S €Y PaJe[a1109
NV {JeA9[ IowIp-(  2Iom Apjueoyiu
posteI & (M (%8°T+) -51s owIp-q [os] v10T
sjuaned 6¢ Q1om XYL T JO S[AJ[ YL '] [CEANXAS JTowip- VN L) 6€ 6 (9:09) LS eo103 YInOg  Apnjs 110yo) nv/nd 'S A “yeed
(%)u,1SdV )
/+1SSV Ex
sawodINQ UOTJR[OII0)) /ewopaoISuy  siosreworqg (A) uoneing (K) 98y u syuoned (%) U soewo g uStsop ApmS 3seasI([ Ieak JoyIny Qmw
4l

(ponunuoo) | sjqey



25

Page 11 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

Twy/3u g97g AIom

s[oA9] ewiseld Iowip-q

‘qewInzIfeuo Jo asop

YHNOJ 9y} 1YV "¢

TIN/3U 6T+ 03

IoU}INJ PaseaIdap pey
s[oA9] ewised JowIp-q IseasIp
‘qewInZIfewo Jo sop Y} JO AJLIOADS
puodas oy} 1YY ‘g oyl poo[eted

(Twy/3u Apotns
626€) PIAIRAIS 2Iom JowiIp-( Jo
JOWIP-(J JO S[OAS[ SYL “[ S[9A9[ YL °[ (ooD) 1

(€0'0=d *Tw/3u
[6S'T1 L6 "sa [2T ¥l
60't) S[oNU0d uey)
sjuaned ur JoySIy o1om

B[] JO S[OAQ[ QUL ‘¢ KI119A98
(80°0=d ‘Tw/[owu OSBOSIp (Im
[zv6] L6°C "SA[S9°LT] PaIe[21I0D
LT°11) S[onuod uey) Apueoyrugis
sjuoned ur oySIy 21OM 1M ($0'0=d
1 Jo spAdr YL, T 62T 0=1)
(1000>d Ty pue
TwySu [00°092101C (€000=d
'sA [00°0P7I0TY)  $8T0=+) BIId
sjonuod uey) syuaned “(1000>d
ur 10yS1y orem ‘08%°0=+)
JowIp- JO S[9AS[ YL °[ Jowip- 1 VN

sopeId AJ10Ads
9sBasIp 0} SUIPI0ddE
Apueoyru3ts IaIp

Jou pIp S[9AJ[ BIIJ T
s[onuod Ayjreay Suowre

‘owip-d (§'9°0'1) 0°C

[9¢] L10C

%NS f ‘o108y

[esI s10C
NSO Suep utbong

(161 s102
NSO N W ‘saireq

uey 0§D Wim sjusned Iswip-g
Suowre 10y31y APUBOYIU  [YIIM PIIB[ILIOD
-31s a10M eJJ] pue sem AJLIOAS
IowIp- JO S[oAd[ YL °[ oseasIp oy °[ VN
(%)u,1SdV
/+1SSV
sowodnQ UONe[aII0) /eWapaoISuy

sioyreworg  (K) uonein(y (K) 98y u syuoned (%) U soewo

oseasyq  Jedk oyny

(ponunuoo) | sjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 12 of 36

25

(965'0=d

Tuy/su ([09°689]
6°762) siopuodsar-uou
pue Tw/3u ([01 L8]
£.7€) s1opuodsar ur

qewnzIfewo o)
asuodsar yym
QJB[o1I00 Jou

Te[IWIS oIom sanjeA PIp owip-( Apms [c9l 610C ‘A
Uedul JIoWIp-q'[  JO S[PAS[ YL [ VN Iawip-g VN (19-L¢) 6¥ 0Ly (99) 01€ Aoy [onuoo-ose) NSy v ‘ourzeN
S[O1U0D A} YUM
paredwos 1oyS1y Apjued aseasIp
-g1ugis arom syuaned ) Jo AJL19Aas
JO %G UL S[oA9[ LIdV oy payayrered
pue ‘sjuoned jo %9 ut Aporns LLdV [s8]
S[oA9] Ld ‘siuaned jo Jowp- jo ‘1d Apmys 610C uey
%€T UL S[oAQ] TowIp-( " [ S[PAS[ YL '] VN “Towp- 0z-1'0  (6'0D TI'9€ 001 (SLysL BIPU]  [ONUOO-OSED inso  -neyd effreys
9sBASIp
) Jo AJL1oAas
3y paferrered
syuanyed (e ur S[oAQ] Apoins
JawIp-( JO uoneas[d Iauwip- jo nv [LsT810C
JUBOYIUSIS B Sem I, ' | sfeAd oy, '] VN Iowrp- VN 0L-0T % D1 uedef jlodorose)  snonogqur  °J, ‘ryseyeye],
[ULIOU 210M SIOYTeW
-01q pue s1jowered
[e91UuI[d paje[aI—UoT)
-B[NSL0O ‘ULIEJIEA\ YA [09] 8102
pajean Sureq 1Y ' VN VN VN 90 LT I (oD 1 [oes]  11odor ase) NSO ‘H ‘uaey
Jowrp-(J pue
uoSouLqy ym pajefar uaouriqry uerssny [19] 8102
105 Os[e sem J¥D'[ VN (L°67) 96T “Towp- VN (€5-0¢) T (354! (9°€L) TT6 Auewren  Apws 1104o)H nsd d “II0Y
LSV
se [[om se 9-1
S[01U0D pue D ‘s1o
oy} ym paredwod -yTeworq oy}
syjuoned NSO UTIOYSIY  YIIM PIIB[ALIOD
Apueoyrugis orom AIoM JoWIP-(] Apnys [86]1810C
IoWIp- JO S[oAS[ YL [ JO S[OAd[ YL °[ VN nuip-q (7690 ST (S¥-12) 6¢ 8¢ wow 1v PUB[Od  [0NUOO—OSED nso BYUBZID Y
(%)u,1SdV
/+1SSV
sowodnQ uone[erIo) eweproISuy  sireworg  (£) uoneing (K) 98y usyuoneg (%) U SorewIag s uSisop ApmiS aseasiq  Ieak Joyiny

(ponunuoo) | sjqey

pringer

AQs



25

Page 13 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

(%6¢ 10} Sununodoe
‘ZP) s1opuodsar A[re? jo
9soy) ueyy Joy3Iy yonuw

QJoMm qeWNZI[BWO JO

(% ¢ 10} Sununoooe

‘17 JO 1IN0 @) SId

-puodsar 9)e[ JO S[OAJ] Apms [eL] 1202
Jowip-(J uelpaw oY [, [ VN Jowrp-a VN  (68-€1) 90§ 0¢I (T6S) LL AwIr  [onuoo-ose) NSO "y ‘o198y
sIouop Ayieay
s paredwod sjuened
NSD ul padsueyua Apmys [89]
sem uorssaxdxo g, °T VN 4L VN VN 6L VN ueder  [onuoo-ose) NSO 070t 'Y ‘oes
P24.42sqo
SDM PasDaLIUL
DLIDIAN fO
141300 2y SO
UOHDAJUIIUOD
9s[o Jumylowos  AJW uvaut ayj
se os[e Inq AJIATIOR  pup ‘q unuvjia
SII JO J0JeDIpUL UB SB gy “ouiip-(J
AJUO JOU PAISPISUOD 3q ‘uadouraqif u 11d
PINOYS BLIBOTIIN 9IOAJS 2SD24IUT JUDD ‘AdIN
ym syuaryed ur [9A9] -yf1usis Kpo ‘uoSouriqy [L9] 020 'V
Jowip-(J pesealdoul uy “| A ‘Towp-q VN L861 ol (9L) 801 puejod  Apms 11040) NSO ‘zomo[mqo
AD3]oUN
spm asdpjad
03 uonyv]aL
ajqissod ay |
"z ‘s1opuodsar
qewnz  9Je[ ur AJLIoA9S
-T[ewo jo siopuodsar 9SEBASIp 0}
qre] ur Tw/3u 006 pojeIOOSSE
QAOQE PIIBAJ[Q 2IOM 1M IoWIp- Apms [99] 0202
TowIp-(J JO STPAS[ AU, *T  JO S[OAS] YSTH [ Towip- VN  (L'81)68'8¥ [44 (8€L) 1€ Areap  [onuoo-ose) NnsdO RURCEEISS)
sawodINQ UOTJR[OII0)) /ewopaoISuy  siosreworqg (A) uoneing (K) 98y u syuoned (%) U soewo g uStsop ApmS aseasyq  Jeak Joyny

(ponunuoo) | sjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 14 of 36

25

xopul SV
pue aseasIp

) Jo AJL1aA9s

) parerrered
S[PAJ IaWIp-g Aporns [69]1 120T 'V
PIseaIdUl PRY BLIBININ Jowp- jo Apms ‘eyo01hzid
9ISA3S UM SJURnEd '] S[PAS[ YL °] VN Jowip-g r8—€D ¥’y 09 (L9L) 9% puB[0d  [0NUOI—SED no -Bysmopeg
NSD [01u0d
0) papasu
(%1°¢6) diysuonerax s3nip jo 10q
aanisod pue Suons e -winu 9y) pue
PAJBNSUOWAP S[OAJ]  ‘SY[) “ToWIp-q
SV pue owip-qJ ‘g Suoure drys
fSTeA9] JowIp- Y1y -uone[ar
pajuasard NSO Ynm aanisod pue
siuened oy Jo (56 jo Suons e (129 Apms (1] 120C
o ¢g) yuasred K110 °1 sem 9IUL ‘T 8T/TT'LY) 9T Jswip-g aTvD 1y 98 (cLew) ov [lzelg  [0NUOdS—ese) nsd 4y ‘opel)
jusunean §HN 193uo|
® paxmboar oym syusned
ur Jowrp-(J JoySty 10y
Kouapuo) © sem Y[, '
sjuaned o Jo
9716 UI POJRAQ]O QIoM [zs] 120t 1
JOWIP-(J JO S[OAS[ SYL “[ VN VN swip-g (67) LSS 901 (L°59) 6§ puejod  Apms 104o) v  ‘misuezokiez
1000>d
ynm ‘Kroanoadsax
%S VS PUR ‘%TLT
956°C1 QIOM ISBISIP
QI0A9S pUE ‘dJeIopow
‘priw ut suontodord
UL, "N1SD 9I9AS YIIM
sjuaned ur 1oySIy
Sem S[OAQ] JowIp-(J
paster ym syuaned
Jjo uoniodoxd oy, ‘g K)TIoAQS
(%9°C¢) syuened 9SBISIp Ay} L1dV @i
N1SD 91 Ul pasrer alom paof[ered sjo 1d T9e/(6'TT) [¥L] 120C
IoWIp- JO S[oA9[ YL [ -A9[ IowIp- °[ (1°9%) §9 Jawip-g Sve 82! (7'29) 88 eipu]  Apmis 11040) nso ‘D ‘seqe@
(%)u,1SdV
/+1SSV
sowodnQ UONE[II0) /eWApAoISUY  SIjIeworg (K) 98y usyuoneg (%) U SorewIag s uSisop ApmiS aseasiq  Ieak Joyiny

(ponunuoo) | sjqey

pringer

AQs



25

Page 15 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

sjuaned
Y} Jo %0¢ ut yudsaxd
arom (Tu/3u 00§ <)

[LL]TeoT g

S[oa] JowIp-( YSTH ‘| VN VN swip-g VN  (8'€D ¥9°¢h 14! (€96 uredg  Apmis 3104o) Ndd  Z319d-0IdPA
93e yum pajeIoosse
ApuedoyrusTs Jou 21om
S[9AQ[ JowIp-(] Inq
‘dnoi3 g9 <oy ur uey) (1co
dnois 69> o) U1 1omo] L9n 1'LS/6'9T) Aprs [88] zzoT
9I9M STOAS[ IoWIp-(J ' [ VN /(ST v/ Towtp-d VN 9% [43 (#'S9) € ueder  jonuoo-ose) nso o ‘ormry
uoyv]
-n8POIUD YIIM J0U 1hq
JUUID2L] 2U1LOdSO0]ILD 20UIP112
YIIM UOISSTUIL ISDISIP a.10ul 40f paau
421fp Kjuo paunpoap Y1 211Ul
§]242] 2Y ] *S]2A3] &vw £1141100
Aouiip-(J Y81y ynm asDasIp puv
[1SD 242495 Jo asDD  §]243] Lounp-J
K101004f20—qrUINZ U22M12q U0 [sL] zzot
IDWO Up SPM 249Y [, *[  -D]2AL0I Y] "] (ooD) 1/ owip-d wo Sy [ (oD 1 Arear 11odor ase) NSOx ‘q Mmjseq
§]242]
uaouriqif puv [ 1Jyv
‘Id S4ay4pui01q Y1 u uadouriqi]
sdnot3 uaamjaq 2oua ‘LIdV Apms [98]
~1affip ou SDM 24Y [ VN VN Id VN Sy 6€l e I Aoyny,  [onuod-ose) NSO 120T H Tuv
S[oNU0d Ap1anon
ynm paredwoo se asDaSIP pun
S[OAQ] ToWIP-( PABAS[R  LIJV ‘@il uiq
Apueoyrugis A[[eo  -woayiodd ‘€D
-1snels pey siwdned ' JyO “ouip-q
STOAJ[ JOWIP-(J PAIBAJ[D U22MJaq UO1} LILdV [oL]
pey sjuaned ay3 jo -D]24102 OU ‘Id ‘€D Apms 1202 d15Ae[d
(%L Ly) duo—Kuom], °1 SDM 24Y ] "] (Sv9) T “Towp- I'e (19 ¥'08 144 8¢ BIQIo§  [ONUOO-SED nsod BIpuBsyalY
(%)u,1SdV
/+LSSV
sowoonQ uone[aLIo) /eWdpoIuY  sidyreworq (K) uonein( (K) 98y u syuoned (%) U soewo oS uSisop Apmis oseasyq  Jedk oyny

(ponunuoo) | sjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 16 of 36

25

3SOp pIepuBlS © M
9s0Y) uey) S[AAJ] MDD
puE S[OAQ] JoWIp-(
uerpaw Ioy31y Sunuos
-o1d ‘TeAlour juowyeon
) pauayi3ud| sjuened

Apnis

[0s]

(%19 1LIO IV ] VN (89) L6 swip-g VN (85-0v) 6¥ 8¢l 141! [eSmIiod  [ONU0d-ase) NSO €T0T ¥ ‘sgig
K)IATIOR 95BQ
-SIp pue LSV(]
)M PIJR[AIIOD
Apeanisod
S[ONUOD pue pIJeA[d
) URY) S[AAJ] JOWIP-( QI0M S[OAJ] Apmis [82]1 €202
IoySTy pey syudned ‘| Jowip-g 1 VN Tawrp-g (TS01 1D ISLE 0L (€vL) TS Aoy, [onuoo-ese) NSO  zekog n3uag
[ewIou
AA0qe sanfeA SuniqIyxo
(%S°L¢) syuened ¢¢ Ayanoe
Pim [90e-¢8] Tw 9SBaSIp (M
/3U [Q] 9Iom S[AAJ] PaIR[a1I0D SO [¢8] z20T
ToWIp-J UBIPIN "[  -AS[ IoWIp- [ VN swip-a VN (8D S 88 (I'v8) vL [eSmiod  Apms 11040 nso ‘N “SeATY
(1))
d¥D pue Ay
-ATIOR 9SBISIP
u29MI9q Uone|
SIQWIP-(J JO S[9A9]  -2110d dAnisod
U} UI 9SBAIOUI UB SeM B SeM 219U ], T
juowdoreAap erreonIn (nV) Iowip-g
Jo 10101pard 152q 9YL, ‘T PUE JYD YIM
BLIBOIJIN JO SIO}IBWIONq PaIe[o1I0D
SE PISSISSE JOU dIom Apeanisod ‘AdIN
Y1d Pue 4dIN ‘AdIN sem K)1anoe ‘L'ld (Lei-€9) Apms [6L1®TC0T
L'1d stodpreworq ayg, ° | 9SeasI(] °[ (€91) 8/ “Towp- VN ¥0'6 9L (€v) vE pue[od  [0NUOO-9SED) nv 'V ‘BI0D
(%¢°¢1) sropuodsax
-uou pue (%¢"1¥)
s1opuodsar ouriods
-00AD :S[AQ] JWIpP-J
qurfeseq pajeAd[d ‘g
(9%09) s1opuodsax
-uou pue (%€°69)
s1opuodsal qewnzijewo
-S[AS] oWlIp-d Apmis [8] zzoT
Quleseq pajeAs[d [ VN (1°6%) 95/ owip-d VN (Ly=81) 0¢ 9¢ Iv BIpu Pliom-Teay NnsdO ‘H ©IPIN
(%)u,1SdV
/+LSSV
sowoonQ uone[aLIo) /eWdpoIuY  sidyreworq (K) uonein( (K) 98y u syuoned (%) U soewo g u3isop Apms oseasyq  Jedk oyny

(ponunuoo) | sjqey

pringer

AQs



25

Page 17 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

BLIBONIN A10)
-ORIJOI—OUTWIR)SIYIIUR
Sey Jo oUIWE)SIYnUe Jo

9sop JoySIy B Juelrem
pInod oym juaned 0§D

Kyanoe
9SBOSIP YIM

© AJ1IU9pI PINood S[AAJ[ PIR[Q1I0D SO Apnis [68] +207
JowIp-(f pue g5[ '[  -A9[ JowIp-( [ VN swip-g Ovore (€VD€0€ee YOIT (T'19) 9.9 BIpU]  [0NUOI-9sED nso ‘JeIysy
uoyPNIPA?
o1 ay1
pup aouip-q
40100f d13sousosd Y] U2amjaq [16] ¥20T
D S» [nfasn paapisuod  punof som diys ‘BQERO[RAIY
Jou SpM duIp-(J [ -UOuD]aL ON [ VN Jowip-( VN VN ot VN OJIXAN y10da1 ase) XNSD  Zo[ezuon 'y
sourw
-eIsIynue o)
asuodsar pue
‘eWOpa0I3UE
‘KITIOAS IS8
-SIp ‘BLIROILIN
syuoned asoy) ur J1UOIYD JO
K)LIOAJS puR 90UB)SISaI  uoneInp ‘ouel
qurureisIynue Jururw a3e ym paje|
-1919p J10j J19)ourered -91100 1M
K101e1I0QE[ B SB PAOSN 9q  S[OAQ[ JowWIp-(J [06] €20T
Keur spoaa] Jowp-(J | pajeAsrd '[ VN Jawip-g §'0C (S2-81) 0¢ 001 (09) 09 epup  Apms 1104oD) NSO A ‘epryiuyd
S[0UOd
Aqireay yum pareduwiod
a1oMm sidjowered
953y} UAYM punoyj sem
AdIN PUR I'1d ‘¢ AdIN ‘L'1d
‘Iowp-( ‘onel LIdV ‘LLdV
Ul 9SBIOUI JUBDYIU T Apmis [181 €202
-31s A[[eonsnels v °| VN VN ‘owip-q VN LD vy Ly (€9) 6¢€ Al [onuoo-ose) nso ‘W ‘ould I
(Tw/3u
[8T¥9Tl6T€LE) NSD
a syuoned ur punog (€°65)
oJom sanTeA _WIp- IS €Y) [9.]1 €z0T
aurpeseq 10USTH | VN 91 owip-d VN  (8§—+€) 0'9% LLE ('1L) 69T ureds  Aprus 11040) nsod ‘A ‘9nbsod
(%)u,1SdV
/+LSSV
sowoonQ uone[aLIo) /eWdpoIuY  sidyreworq (K) uonein( (K) 98y u syuoned (%) U soewo g u3isop Apms oseasyq  Jedk oyny

(ponunuoo) | sjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 18 of 36

25

uone[a1I0d dANEIau B sjuasardar juoj orer oy :sdr,

10108} IMOI3 [RI[YIOPUD JR[NISeA JOFA ‘9anisod a1om 1591 unys ewise[d sno3ojomne [§JV ‘9Anisod a1om 159) UIYS WIS
snogo[oine | 7§SY IV PIO[AWyY wnisg 7-yys ‘onel akooydwA-191ae(d ¥ 74 ‘sproonioooon[s §0 1sa1 urys ewseld snoooine g4y ‘srreuuonsang) SJ jo Aend) BLIRONIM OO 7070
-0 ‘I100s AJIATIOR BLIBONIN /7] ‘9 UDNQ[IAUI 9-77 ‘utejord aA1oeaI-D) gy ‘(I 103oe) urquoayioid 77,7 “xordwod rowouowr uriqy 9[qnjos DS ‘TII UIQUOIPIIUR 777 [V ‘QunjoA jo[ore[d ueow
Ad ‘Onel pazifewiou [euonewIdul y7 ‘own unsedoquoiy) rented pajeandse 14y Qwn uiquorpold 74 ‘10jeanse uddourwse[d adA1-onssn yg-1 ‘uadouruny jysom JIenosjow ysiy yMNH
‘syonpoid uonepeI3ep uLqy g4 X[dwod [[] UIqUIOIIHUE—UIqUIOIY) [ /7 T0J0B] anSSY [ “X I0J08J PIJBATIOR ‘DX.J ‘[[X J0I08] PIJBATIOR DL ‘T[A I0308] pajeAnoe vy <+ juswSery urquoryy
-01g 1,7 “erreonun onygiedorpt /7 “errednin Anoe vy ‘errednin anssoxd pake[op 4@ “ereonin dryyedoIpr SIUOIYD /) “BLIEONN JIUOIYD £)) ‘BLIBIIIN SNOAULIUOAS JIUOIYD /)§)) SUONRIASIG]Y

(e3ueI) uBIPIIN/(S) UBA (K) ‘qemnZI[ewo 0) QAISUOdSIIUOU YIIM ‘3 SQUTIWIR)ISIYNIUER 0} QAISUOdSIIUOU [IIM “F ‘DIOADS ‘XK

1141100 asv2sIP
Ay 31y Su110219p U1 K71
-AIJISUDS 412Y] ISDALOUI

0] WI22S 10U PIp ISN K1anoe NSD
JUDIIUODUOD L19Y] JNG  YIIM PIJR[IIOD
‘Knanov g0 10f s42 Apueoyrugis
“YADULOIq 2A1JISUDIS ddD pue
249M §]242] wiN4ds  JQWIP-( JO S[@ [v6] ¥20T N
dy-D puv uip-q °[  -Ad[ 3y yrog | (1°L9) 6§ owip-q  (9-6) 91 (8SD S 88 (Iv8) vL [eSmioq  Apms 310yo) nso ‘SBA[OY
I9U10 yoed YIm
uone[aLI0d aAnisod are
-IOpOW B POMOUS S[QAJ]
ddD pue euwip-a-e
S[OAQ] JOWIP-(J YIIM
uone[a1Iod aAnisod  S[AAQ[ JowIp-
9)RIOPOW B PUB S[IAJ] M uoneal
J¥D YA UOIR[A1IOd -100 dAnIsod
aanisod Suons © JJeropou & [¢6] 20T
PIMOYS S[OAJ[ [-VVS [ Pamoys LSV(] "I (9°08) t$ Jswip-g VN (8'1) 6708 L9 @v9) e uredg  Apmsiioyod  OID/NSD 'V ‘O[feare)
uonenseodnue QOUIPIAD
1M JOU Inq JUSWIEdN QJ0oW JOJ padu
qur1odso[okd yym uors ) edIpUT
-SIWAI ISBISIP I9)J® Kew A)1Anoe
A[UO PIUI[OIP S[OA] JSBISIp pue
QUL 'S[OAS] JoWIP-  S[OAQ PwIp-g
USIY (s 1S 9128 Uaamilaq uon [z6l vzozd
Jo oseo B sem QY] '] -B[o1I00 YL, | o1 1/ owiIp-g S S 1 1 Aoyang,  Apms 3104yo) nso qnyseq
(%)u,1SdV
/+LSSV
sowoonQ uone[aLIo) /eWdpoIuY  sidyreworq (K) uonein( (K) 98y u syuoned (%) U soewo g u3isop Apms oseasyq  Jedk oyny

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll



25

Page 19 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

s1opuodsax
-uou / /G SNSIdA
S[9AQ JowIp-J
paseaIour pey s1o
-puodsar Gz/p1 T
((€000=d
Twy/3u [00°0¢€] 16T
01 [00°8+C] 20T
WwolJ) qewnziewo
JO uonensuIwpe
1SI1J Q) I9)Je S[IAJ[
JOWIP-(J JO 9SLAIOAP
S1JeWeRIP B PIMOYS

§9583 (%65)
61 UI pajeAd[o
QroM JoWIpP-(T

Apnjs pa[jonuod

sropuodsoy ' JO S[PAS[ YL [ qewnzifewo owip-q - (8L-L1) 0§ (9°99) 1T [43 Arex PosIWOpURI-UON NSOy [96] LT0OT Y ‘0108Y
Aderoyy o3e pue
qeWNZI[eWo 19)je JowIp-(J U9amlaq
POAIISQO SBM S[OAJ]  UONEB[A1I0D dAnIsod
JowIp-( JO 9SBAIIIP JueOYIUSIS © Apmis pa[jonuod [8¥]
JIEOYTUSIS | Sem oIy *[ qewnzifewo wip-q - (#0°01) §'Ly VN 8 uemie] PosIWOpURI-UON NO 10T °A 'V ‘UPEX
21005 KJIATIOR
(1000°0=d) OSBISIP QIOADS B
JUSUIIEOI) QUIWRISIY  PRY S[AQJ] JowIp-
-nue 0) puodsar PajeAd[e Suimoys
JOU PIP S[9A9] sioned $1/01 'C
IoWIp-(J PIIBAS[D (T
s syuaned $1/¢1 T /3U L1€L-90€)
siuaned 9/9 sioned (%9°07)
UL STOAQ[ JowIp-J 89/ 1 Ul PajeAd[d
ur doip onjewrerp 1M Jouwlrp-g PIOE OIWEXIUET) Apmis pa[jonuod
& pasned Aderoyg, °| JO S[oAS[ YL °T pue utredorpeN owip-q - (¥8—¥1) 6¥ (S9L) s 89 Ao PosIWOpURI-UON nD [8€1010T ¥ ‘orsy
(1000>d ‘(9701
L8'0sA[pLT]
LT°€) Juawiearn Ioyje
K[SNOTAQO PIsBAIdIP PAIBAI[D UdQq 104
pey sjuoned ur pey sjuoned ur orowrepriAdip ‘dnoi3-jorrered [92]
Tl o spad oYL T T jo sjoadr Y, | pue suipejelofsa(q “ig [L=ST'¢ (8°L9) LE 9 BUIYD ‘puq-dqnog no 800T "L'V ‘Jereus
Apmis pa[jonuod
urrejrem PIsTWOpUEI-UOU
JO 9sn o) WoIJ S}youaq juedoyrusts ‘parjonuos-oqaderd
paureisns pue paureqo syudned sary, | ULIBLIBA\ VN (PS—8€) €°€¥ (L99)¢ € p: 10} put[q-s[qno NI [9¥] 000T MmarsTed ¥
SO0
-1N0 JUSWIIBAN-1SOJ  SOWODINO QuIfeseq sSniq s1oyreWorg (K) 98y (%) u sorewo U sjuaned /g uSrsop Apmg  aseasig Ieok J0yINY

S[BLI} [EUOTJUSAIS)UI PIPN[OUT ) JO SONSLIAORIRYD) T d|qel

pringer

Ns



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 20 of 36

25

3nip

SIY} JO SSQUOAIIORYJO

onnadeiay ay) Jo

10301pa1d ' 9q Aewr

pue ‘nSD ur qewnz

-I[EWO JO Uonoe

JO wISIuByOaW Ay} Ut

paa[oaur Afrenuajod
sem Jowip-(] ‘|

VN

(%€ €8 Amoyroads
‘%G L KnAnISuos)
ssouaarsuodsar 1ood
[IIM PIJRIOOSSE IoM
Tu/3u 76 < S0

-AQ] JOWIP-(T'T

(#00°0=d “Tw/Su
[0066ST] 619) s1o
-puodsar 9)odwoo
pue (L10'0=d
Tu/3u [00°LS61]
9/9) s1opuodsar
rented ur ueyy (qu
/3u (00281 Z91)
s1opuodsor-uou ut
Iomo[ Apueoyru
-31S 91oM STOAJ[
JowIp-(J dureseq |

1020
-1 pue Iowip-q
JO sonfea udamiaq
UOTB[O1I0D JAT)
-e3ou © sem QY] '€
s1opuodsax
-uou 0) paredwod
uo3ouLqy pue
IowIp-( JO S[PA9]
19MO] pey S19
-puodsoy 7
syjuaned NSO
Ul QUIZLITJAO0AJ]
0} asuodsar Jo
uonorpaid 10y s1o
-JIBWOIq [njasn dq
0 Wods uedouLiqy
pue Iowip- [
(1000=d
‘T00°0=d) uon
-UQAIUI [ MY
I19)Je pue 910J9q
‘s2100s 101 pue

LSV) Pue S[9A9]
JowIIp-(J QUI[aseq

Swoned usomiaq
UOTIR[OII0D 9AT)

-e3oU B Sem 219U ], ']

qewnzijew(Q

QUIZLITIIJ0A]

Igmv)
uonoslur poorq

-9[oym sno3ojoiny

owip-q  (69-S1) €0

up-q

uIp-q

99) v1

VN (ToL) 6S

(8°020) ¥S (Teg) Tl

Y4

78

61

Apnis pafjonuod

Aer POSTWOPURI-UON

Apnjs pa[jonuod

BISSIY PISIWOPUBI-UON]

Apns pajjonuod

900010 PSIWOPUBI-UON

nsd [6518107 ‘W ‘ousn)

NSO [¥S] L10T d “Iyioy

[sslL10T

%0SD "V "N ‘SHnoIsIny

SOWI00
-JNO JUSWIBAI}-ISOJ

SQWO)NO AUIISeg

sSnig  sioyIRWOlg

(K) 98y (%) u sorewdg

u syuaned

IS u3isap Apms

=N Ieok Joyny

(ponunuoo) zsjqey

pringer

AQs



25

Page 21 of 36

(2025) 68:25

Clinical Reviews in Allergy & Immunology

#100=d)

punoj sem aurfaseq Je /Sy pue Jowip-q
U99M)9q UOTJB[Q1I0D JUBOYTUTIS  °G

Tw/su ([€L6 1928)
[9AS] IoWIp-(J QUI[Oseq :SIOpUodsaI-uoyN

w/3u ([29L1] 886) 1949 SOWIP-(
Jurjaseq :s1opuodsar [ented pue oje] ¢

Tw/3u ([$10T] T68) 1oAR] ToWIP-
qurpaseq :s1opuodsar aje[dwod pue 9)e] ‘g

Twy3u ([66111 9811) [9A9] JoWIp-
qurpaseq :s1apuodsar ayerdwod pue Afreq ‘|
(890°0=d)
s1opuodsar-uou
Suowre Jueoyrugis
JOU SBM 9SBAIOIP
oy Ing “(€00'0=d)
s1opuodsar ur qewnz
-I[BWO JO 9SOP ISIY
A} J9)J& ASBAIOP
JTJRWRIP B PIMOYS
S[OAQ[ JowIp-(] ‘T
(T80=d
‘LS0°0=d) ud3
-ounqrj pue
L1dV 10y 1dooxa
‘(L1o0=d
‘6T00=d
‘T0000=d) NSD
/OID Ul PAAIaSqo
a19M YNI pue
ILd ‘Tewip-q
JO S[9AQ] ay) uI
9SBAIOAP OnRWERI( ‘|

(S0'0 <d) @suodsazx
Kdeioy jo yoe|
[IIM PIIRIOOSSE JOU
d1om LIJV pue
“ANI “Ld duraseq ‘[

qewnzifewQ

qewnzijew(Q

owip-q

LLdV
“ANI
‘Ld

aqowip-q (ST 61°Ly

(08=S1) 8% (TeL 811 191

(#'LL) ¥T €3

Arey

Aoyang,

Apms pa[jonuod
PoSTWOPURI-UON

Apns pajjonuod

Nsd

(9] 610C Y ‘01sY

pastwopuel-uoN  NSO/NID  [29] 810T 1 d ‘Teskn

SQWI0d

-JNO JUSWIIBAI}-}SO  SOWIOJINO UT[aseq

sSnig  sioyIRWOlg

(K) o8y (%) u soewdq u syjuened

g

u3isap Apms

=N

Ieak JoyIny

(ponunuoo) zsjqey

pringer

As



(2025) 68:25

Clinical Reviews in Allergy & Immunology

Page 22 of 36

25

arreuuonsang) 9Jr] Jo Ayen() BLIBONI) JTUOIYD)
7020-1D Q1038 KNAT)OR BLIBONIN APeoM ‘/SV/] 1S9} [ONUOD BLIBONIN [)/] ‘ONel PIZI[BULIOU [RUOTIBUINUI YA/ ‘I 10J0B] PajeAnde nyrg ‘I[I UIQUOIYInuUe j77 1y xo[dwod [[] uiquoIynue
—urquoiy) 7y ¢t yuowsery uiquoryord ¢y ‘erreonin amssaid pake[ap Nd@ ‘erreonn ory1edoIpr dIUOIYD (77 ‘BLIBONIN JIUOIYD £)0) ‘BLIBONIN SNOdURIUOS OIUOIYD £)§) :SUONRIADIQQY

(oSuer) uerpaA/(S) uesA (K) aSe ‘K10)0B1J01 *§ ‘qEUUNZI[EWO 0) SAISUOdSIIUOU YIIM ‘X SOUIWE)SIYTIUE 0} JAISUOASOIUOU Y)IM ‘I ‘QTOADS ‘X

PIAIdSqO
sem (Z000'0=d)
S[OA9] JowIp-(J JO
9SBIOIP B ‘qewnz

-I[ewo 1opu() ‘|
s1opuodsar
A1om § ‘(Tw/3u
000€ <) uonen
-U2U0d JOWIP-(J
aurpaseq Y31y A1
e s sjuened

6 oY) Suowry ‘g
(T
/3U GSP) 8 YOIM Te
Kde1oy) qewnzijewo
19)Je PseaIdop
QIoM IoWIP-(]

JO S[AJ] YL T

(8000=d)
s1opuodsai-uou
sourwelsiynue- 14
ur 1oy31y o1om
Iowip- ¢
Tuw/3u
00S uey) 1ysiy
S[oAQ] Suraey
syuaned jo (1L/0%)
%€9S Wim ‘T
/3u 6611 T'8LTI
QIom IowIp-(J

JO S[PAS[ YL T

(801°0
‘650°0) PUWIp-q
auIaseq PIm
LSV /1DN Jo
uone[a1I109 dAnIsod
Jeom B Sem 1Y T, ‘7
(Twy3u 12001)
ocmowmm_ Je pajeA
|u~® AIaM HUEMU-Q
JO S[eAd[ Y, |

Apms 2a1)0ads

Ge wnideg -01d uorjuaAIIU]
Apmis Al

oseyd ‘onueonnu

9¢]  youalg POZIWIOPUBI-UON

[cL]
NSO 120 "1 ‘Kofiucjnep

NSO [€9] 610T A ‘preiog

SOWI00
-JNO JUSWIBAI}-ISOJ

SQWO)NO AUIISeg

sSnig  sioyIRWOlg

(K) o8y (%) u soewdq u syjuened IS u3isap Apms

=N Ieok Joyny

(ponunuoo) zsjqey

pringer

AQs



Clinical Reviews in Allergy & Immunology (2025) 68:25

Page230f36 25

Table 3 Urticaria patients demographics

Variable Cases report ~ Case—control study ~ Cohort study ~ Cross-sectional study  Interventional study Combined dataset
Patients, (n) 19 2031 2448 410 698 5606

Male, n (%) 8 (42.1) 633 (31.2) 987 (40.3) 136 (33.2) 197 (28.2) 1961 (35)
Female, n (%) 11 (57.9) 1398 (68.7) 1461 (59.7) 274 (66.8) 501 (71.8) 3645 (65)

Age (y), mean  38.7 40.3 39.1 43.5 40.5 40.4

n the number of patients

Research Types and Population Characteristics

Among these studies, 84.5% were observational studies, while
the remaining 15.5% were interventional studies. The collective
population across the 71 studies totaled 5606 patients, predomi-
nantly female (65%) and middle-aged (40.42 years) (Table 3).

Analysis of Countries and Authors

These studies were conducted in 24 countries from 1988
to 2024. Figure 2A presented the top 10 prolific countries,
with Italy leading in publication volume with 19 articles,
followed by Poland with 7 articles. Besides, the team of
Asero, R. emerged as the most prolific, contributing with
12 articles, followed by Cugno, M., Kasperska-Zajac, A.,
and Kolkhir, P. (all two articles) (Fig. 2B). Meanwhile,
a co-occurrence map shown that the node of “Asero, R.”
had a high degree, indicating that the author had collabo-
rative relationships with many other authors and may be a
key figure in this field (Fig. 2C). The cooperation network
among authors was rather complex. The network formed
by red lines had a wide coverage, indicating that the coop-
eration among this group of authors is quite common.

Analysis of Journals, Type of Disease, and Keywords

The 71 articles were published in 33 journals. The most
productive journal was Allergy (seven articles), and nearly
50% of the included articles were published in high-quality
journals (Fig. 3A). In addition, CSU is the most researched
subtype (39 articles), followed by CU (16 articles), chronic
inducible urticaria (CIU) (7 articles), and non-chronic urti-
caria (9 articles). “D-dimer,” “chronic spontaneous urti-
caria,” “urticaria,” “disease activity,” and “coagulation”
were the most prominent keywords (Fig. 3B).

Coagulation/Fibrinolysis Biomarkers Were
Predictive Markers of Urticaria Severity

Coagulation/Fibrinolysis Biomarkers Related to Urticaria

In total, 21 biomarkers involved in the coagulation/fibrinoly-
sis system were investigated in the included articles (Tables 1

and 2). D-dimer was the most investigated biomarker, which
was evaluated in 56 studies. F,, was evaluated in 12 stud-
ies, prothrombin time (PT) in 8 studies; activated partial
thromboplastin time (APTT) in 7 studies; platelet counts
(PLT), fibrinogen, and thrombin—activated factor VII (FIla)
in 4 studies; TF, mean platelet volume (MPV), activated
factor XII (FIIa), international normalized ratio (INR), and
thrombin—antithrombin complex (TAT) in 3 studies; comple-
ment component 3 (C3), soluble fibrin monomer complex
(SFMC), and Antithrombin III (AT III), and fibrin degra-
dation products (FDP) in 2 studies; Plasma protein C/S,
activated factor II (FIIa), high molecular weight kininogen
(HMWK), and tissue-type plasminogen activator(t-PA) in 1
study (Table 4).

A total of 47.6% (1014/2132) of urticaria cases were
ASST positive, and 66.9% (328/490) of cases were APST
positive. In 60% (24/40) of the urticaria cases, ASST was
negative, while APST was positive. In 69.1% (105/152) of
the urticaria cases, both the ASST and APST were positive.
39.5% (826/2089) of cases had angioedema (Table 4).

D-Dimer and F,,Plasma Levels Were Upregulated
in Patients with Urticaria

First, the included studies [24, 35, 51, 53, 62, 81] (n=256)
were analyzed for the baseline D-dimer levels of both
patients and healthy controls. Four records were obser-
vational studies, and two records were non-randomized
controlled trials. CSU [51, 53, 62, 81], CU [24], and
delayed pressure urticaria (DPU) [35] were included in
this analysis. Overall, when compared with healthy con-
trols, plasma levels of D-dimer were significantly higher
among patients (MD 255.82; 95% CI [85.00 to 426.64] ng/
mL) (Fig. 4A). However, there was significant heterogene-
ity among different studies. In over half of the studies, the
D-dimer levels of patients were within the normal thresh-
old (<500 ng/mL). Among the included studies, baseline
D-dimer plasma levels were higher than 500 ng/mL in two
observational studies [35, 51]. To further explore D-dimer
levels in patients with urticaria, a single-arm meta-analysis
was conducted, including 16 studies (n=1359) [24, 35, 37,
50, 51, 53, 62, 69, 71, 72, 74, 80-83]. For D-dimer, the
pooled MD was 628.38 (95% CI [437.67 to 819.08] ng/

@ Springer
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mL), and D-dimer plasma levels surpassed upper limit of
normal values (500 ng/mL) in the majority of the included
studies (56.3%) (Fig. 4B) [35, 37, 50, 51, 69, 71, 72, 82].

Second, compared with healthy controls, F,,, levels
were significantly elevated in patients with CSU [53], and
CU [24, 26, 84] (1.61, 95% CI [0.43 to 2.80] nmol/L)
(Fig. 4C). Furthermore, F, , levels in three studies

[24, 53, 84] were higher than the normal F , values
(<0.229 nmol/L).

D-Dimer and Disease Activity May Be Correlated

Coagulation/fibrinolysis biomarkers were often used to
assess disease activity in patients with urticaria. D-dimer, 26

@ Springer
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Table 4 Clinical characteristics

Variable Cases report  Case—control study

Cobhort study

Cross-sectional study Interventional study Combined dataset

ASST™,

n/N (%)
APSTT,

n/N (%)
ASST-, APST*
n/N (%)
ASST*, APST*
n/N (%)
Angioedema™,
n/N (%)
D-dimer, No 6
Fi42, No

FVIIa, No —
FXIIa, No 1
TAT, No 1
AT III, No —
FDP, No —
HMWK, No —
t-PA, No —
SFMC, No —
APTT, No 1
PT, No 1
TF, No

Platelet counts, No —

6/7 (85.7) 161/205 (78.5)

5/5(100) /369 (68) —
1/5 (20) 23/35 (65.7) —
4/4 (100) 93/140 (97.6) —

47(57.1) —

N
[O%}
—_
W

Plasma protein C, No —
Fibrinogen, No —
MPYV, No —
PLT, No —
C3, No —
TNR, No 1

—_— R = D W = = W R N = = NN WD RO

590/1506 (39.2)

813/2048 (39.7) —

223/335 (66.6) 34/79(43) 1014/2132 (47.6)

8/57 (14.1) 64/64 (100) 328/490 (66.9)

24/40 (60)
8/8(100) — 105/152 (69.1)
9/34 (26.5) 826/2089 (39.5)

2 10 56
1 12
— — 4

|
|
W A N WO = = W QO W = = N W W

n the number of patients. N the total number of patients. No the number of literatures

Abbreviations are the same as those in Table 1

studies suggested a statistically significant positive correla-
tion with disease severity (Table 5). In other words, the more
severe the symptoms of urticaria, the higher the D-dimer
levels. Meanwhile, coagulation/fibrinolysis biomarkers such
as D-dimer levels have also been confirmed to be positively
correlated with F,, levels [37], C-reactive protein (CRP)
[58] and interleukin 6 (IL-6) [58], which suggested that
the coagulation system, immune system and inflammatory
response may interact with each other in the pathology of
CU to accelerate the advancement of the disease condition
(Table 6). However, 5 studies reported negative correlations
among D-dimer values and the Chronic Urticaria Quality
of Life Questionnaire (CU-Q20L), total immunoglobulin E
(IgE), and Urticaria Activity Score 7 (UAS7) [40, 41, 67,
71, 76]. These contradictions could stem from variations
in urticaria subtypes, the sample size, and other factors.

@ Springer

Specifically, D-dimer levels were more likely to be elevated
in patients with CSU/CU with nonresponsive to antihista-
mines/omalizumab than in other types of urticaria. In addi-
tion, the detection methods affected the results. For instance,
by latex agglutination immunoassay, plasma from only 2
of 21 (10%) patients contained increased D-dimer levels,
but by enzyme-linked immunosorbent assay (ELISA), the
D-dimer levels were elevated in 8 of 37 (22%) patients [24].
Currently, ELISA stands as the most widely used measure-
ment modality.

F1+2 and Disease Activity May Be Correlated
Six studies had also shown a positive relationship between

urticaria severity and F,, levels (Table 5). Significant cor-
relations between F,, and other coagulation/fibrinolysis
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A
Patients Controls
Study Total Mean  SD Total Mean SD Mean Difference MD 95%—CI Weight
Asero, R.2007 37 329.00 188.00 37 236.00 81.00 . : 93.00 [ 27.04; 158.96] 21.2%
Kasperska—Zajac, A.2011 8 880.001590.00 30 150.00110.00 730.00 [-372.50; 1832.50] 2.2%
Farres, M. N.2015 30 689.24 321.10 30 176.75 97.30 .= 512.49 [392.43; 632.55] 19.8%
Duoqin Wang2015 103 410.00 440.00 76 210.00260.00 : 200.00 [ 96.86; 303.14] 20.3%
Di Pino, M.2023 47 179.33 86.43 53 103.19 29.11 . 76.14 [ 50.22; 102.06] 21.8%
Uysal, P.2018 31 422.80 721.60 31 4.10 3.80 et 418.70 [ 164.68; 672.72] 14.8%
Random effects model 256 257 0 255.82 [ 85.00; 426.64]100.0%

Heterogeneity: 12= 92%,12= 34667.3,P<0.01 _15(;(}]'000_5'00 0 5:)0 1(;00 15'00

B
Study Total Mean SD Mean MRAW 95%—CI Weight
Asero, R.2007 37 329.00 188.00 . 329.00 [268.42; 389.58] 7.0%
S Takahagi2010 82 930.00 940.00 D —— 930.00 [ 726.54;1133.46] 6.5%
Kasperska—Zajac, A.2011 8  880.00 1590.00 880.00 [-221.79; 1981.79] 2.1%
Baek, Y. S.2014 a 20 1300.00 920.00 D — 1300.00 [ 896.80; 1703.20] 5.4%
Baek, Y. S.2014 b 19 790.00 1240.00 —_— 790.00 [ 232.44;1347.56] 4.4%
Farres, M. N.2015 30 689.24 321.10 == 689.24 [ 574.34; 804.14] 6.9%
Duoqin Wang2015 103 410.00 440.00 = . 410.00 [325.03; 494.97] 6.9%
Dabas, G.2021 141 19733 14830 : 197.33 [ 172.85; 221.81] 7.0%
Zaryczanski, J.2021 106 1811.00 3512.00 . 1811.00 [1142.43;2479.57] 3.8%
Criado, R. F.2021 55 850.00 320.00 - 850.00 [ 765.43; 934.57] 6.9%
Sadowska—Przytocka, A.2021 60  970.00 1080.00 o —— 970.00 [ 696.73; 1243.27] 6.1%
Bras, R.2023 138 470.00 310.00 : 470.00 [418.28; 521.72] 7.0%
Pesque, D.2023 377 37329 264.18 . 37329 [ 346.62; 399.96] 7.0%
de Montjoye, L.2021 17 1278.20 1939.00 . 127820 [356.47;2199.93] 2.7%
Di Pino, M.2023 47 17933  86.43 . 179.33 [ 154.62; 204.04] 7.0%
Relvas, M.2022 88 191.21 166.57 . 191.21 [156.41; 226.01] 7.0%
Uysal, P.2018 31 42280 721.60 —_— 422.80 [168.78; 676.82] 6.3%
Random effects model 1359 - 628.38 [437.67; 819.08]100.0%
Heterogeneity: 2= 97%,2= 134594.9,p< 0.01 " . ' ' !
0 500 1000 1500 2000
C
Patients Controls

Study Total Mean SD  Total Mean SD Mean Difference MD 95%—CI Weight
Asero, R.2006 28 3.06 3.36 27 0.80 0.34 —t— 226 [1.01;3.51] 29.5%
Asero, R.2007 37 254 257 37 0.87 0.26 = 1.67 [0.84;2.50] 36.2%
Duoqin Wang2015 81 11.17 17.65 54 597 9.42 —_— 520 [0.61;9.79] 5.8%
Khalaf, A. T.2008 34 334 274 30 3.19 2.64 —t— 0.15 [-1.17; 1.47] 28.5%
Random effects model 180 148 |’ 1.61 [0.43;2.80] 100.0%
Heterogeneity: 1= 63%, rzz 0.8230,P=0.04 '5 (') ;

Fig.4 Forest plots. A Pooled results of plasma levels of D-dimer; B Pooled results of plasma levels of D-dimer (single-arm meta-analysis); C
Pooled results of plasma levels of F, .,

Table 5 The relationship between coagulation/fibrinolysis biomarkers and the severity of urticaria

Severity of urticaria D-dimer,No F;,, No FVIla, No TAT,No FDP,No HMWK,No «PA,No APTT,No SFMC, No

Positive correlation 26 6 2 3 1 1 1 0 1
Negative correlation 5 — — — — — — 1 _

Abbreviations are the same as those in Table 1
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Table 6 The relationship between coagulation/fibrinolysis markers and other factors
Positive correlation Fi 4, No CRP, No FVlIla, No IL-6 Positive correlation D-dimer, No VEGEF, No FVlla, No
D-dimer 1 1 1 1 Fi.s 1 1 1

Abbreviations are the same as those in Table 1

biomarkers also were found. For example, FVIla [24],
D-dimer [43], and F,_, levels were significantly correlated
(Table 6).

Other Coagulation/Fibrinolysis Biomarkers and Disease
Activity May Be Correlated

FDP [34, 37], TAT [32, 41, 95], HMWK [19], and FVIIa
[51, 53] plasma levels were significantly correlated with the
disease activity of patients with urticaria (Table 5). Moreover,
TF was described upregulated in the lesioned skin of patients
with CU and CSU [24, 42, 68]. Furthermore, compared to
healthy individuals, a statistically significant increase in
APTT [81, 85], PT [85], thrombin time (TT) [85], and PLT
[81] were found in patients with CSU. Conversely, another
study found no difference in PT, APTT, and fibrinogen levels
between children with CSU and healthy children [86]. Lastly,
no significant difference was found on FXIla plasma levels in
patients with CSU compared to the healthy participants [53].

Coagulation/Fibrinolysis Biomarkers, as Predictors
of the Treatment Response in Urticaria, Still Require
Support from More Evidence

As the activation of the coagulation cascade played a role
in the pathophysiology of urticaria, we explored the poten-
tial use of coagulation/fibrinolysis biomarkers as predictors
of treatment response. Notably, four studies demonstrated a
significant decrease in plasma D-dimer concentration after
omalizumab therapy [48, 63, 72, 96]. In addition, omali-
zumab non-responders tended to exhibit higher D-dimer
plasma levels [56, 59, 63, 96]. However, some studies reached
an opposite conclusion [59, 64]. Asero, R [64] investigated
161 adult patients with severe CSU and found that there was
no clear trend in baseline D-dimer levels among the different
response groups to omalizumab, which implied that it cannot
be used to predict the response to omalizumab.

Besides, a few studies explored the predictive role of
D-dimer on the efficacy of other drugs. Cyclosporine non/
low-responders [87] and H1-antihistamines (sgAHs) non/low-
responders [38, 54, 72, 97] had significantly higher baseline
D-dimer levels than responders. Furthermore, in the subgroup
of patients with urticaria who underwent a longer course of
glucocorticoid (GCS) treatment, the concentration of D-dimer
was significantly higher than that in patients with a shorter
GCS treatment duration [82]. However, two studies also found
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that D-dimer levels showed no significant correlation with the
response to cyclosporine [52] and autologous whole-blood
injection (AWBI) intervention [55]. Researchers also hold the
view that D-dimer was not considered useful as a prognostic
factor [91], and did not seem to increase their sensitivity in
detecting higher disease activity of urticaria [94].

Anticoagulants Showed Promising Results as a New
Therapeutic Option for Urticaria

Some studies [28, 46, 60] have shown the potential efficacy of
anticoagulants in relieving the symptoms of urticaria, especially
in severe CSU/CU that were unresponsive to antihistamines/
omalizumab. Predominantly, these findings came from case
reports (n=06), with fewer clinical intervention studies (n=4).
These case reports revealed the potential beneficial effects of
warfarin [28, 30], heparin sodium [27], and tranexamic acid
[44, 60] in various urticaria types, including CU, CIU, CSU,
and NSAID-induced urticaria [84]. Besides, several anticoagu-
lant intervention studies have confirmed reduced F, ,, TAT,
and D-dimer levels following treatment with tranexamic acid
[38], acenocoumarol [32], warfarin [46], and dipyridamole
[26]. However, current research also has found that in a severe
CSU case refractory to omalizumab, high D-dimer levels
decreased only after the disease was remitted by cyclosporine
treatment, not by anticoagulation drugs [75].

Discussion
Summary of Findings

This scoping review provides a comprehensive analysis of
the relationship between coagulation/fibrinolysis biomark-
ers and disease progression, predictors of the treatment
response, as well as the efficacy of anticoagulants in patients
with urticaria, especially those with CU (Fig. 5).

Coagulation/Fibrinolysis System
and Immune-Inflammatory Responses Combine
in the Pathogenesis of Urticaria

This review emphasizes the involvement of the coagula-
tion/fibrinolysis system in urticaria pathogenesis. Patients
with urticaria, especially those with CU, typically exhibit
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Fig.5 The relationship between coagulation/fibrinolysis biomark-
ers and the pathology of urticaria as well as anticoagulant drugs.®
Eosinophils or pro-inflammatory cytokines elevate TF levels in urti-
caria skin; @ Vascular endothelial cells secrete VEGF, raising TF
levels in urticaria skin; ® The extrinsic coagulation cascade is acti-
vated; @ Multiple coagulation-related pathways lead to mast cell
degranulation; ® Fibrinolysis system is activated; ® Fibrin activates
the complement system; @ Skin inflammatory reactions or substances
released during mast cell degranulation can lead to urticaria or angi-
oedema; ® D-dimer as a predictor of the treatment response; ® Anti-

higher levels of coagulation/fibrinolysis biomarkers than
healthy controls, indicating an activated coagulation/
fibrinolysis system [35, 51, 98, 99]. Notably, the APST
positive rate (66.9%) in urticaria patients is significantly
higher than the ASST positive rate (47.6%), and in 60%
of patients, APST is positive while ASST is negative, sug-
gesting plasma coagulation factors’ role. Meanwhile, stud-
ies have shown a positive correlation between coagulation/
fibrinolysis biomarkers and immune inflammatory factors
like CRP [61] and IL-6 [58], indicating crosstalk among
immunity, inflammation, and the coagulation/fibrinolysis
system. In urticaria development, the link between the
coagulation/fibrinolysis system and urticaria is extremely
close and complex, involving multiple mechanisms.

The Extrinsic Coagulation Pathway Triggered by TF has Been
Proven to be Involved in the Pathogenesis of Urticaria TF,
originating from eosinophils in urticaria inflammatory skin
lesions [42, 100] or induced by IL-6 and tumor necrosis fac-
tor alpha (TNF-a) [101, 102], triggers the extrinsic coagula-
tion cascade in the skin and induces degranulation of skin
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coagulant or anti-fibrinolysis therapy for urticaria. Abbreviations:
F1+42, Prothrombin fragment 142; FVIIa, activated factor VII; FVa,
activated factor V; FXa, activated factor X; TF, Tissue factor; FDP,
Fibrin degradation products; TAT, thrombin—antithrombin complex;
PAR-1, protease-activated receptors 1; PAR-2, protease-activated
receptors 2; IL-6, interleukin 6; TNF-a, tumor necrosis factor alpha;
t-PA, Tissue-type plasminogen activator; VEGF, Vascular Endothe-
lial Growth Factor; C5aR, C5a Receptor; VECs, Vascular endothelial
cells

mast cells in urticaria [24, 103]. Specifically, TF combines
with factor VII (FVII) in the presence of Ca* to form the
TF-FVIla complex [103]. The complex of TF-FVIIa con-
verts FX to Xa by calcium, which would form the prothrom-
binase complex with activated factor V (FVa), prothrombin
factor II (FII), thereby generating Flla [104]. During the
production of Flla, F,, is generated, and an increase in
its level indicates the activation of the coagulation system.
Some studies [24, 26, 84] have confirmed that the F1+2
level in the serum of urticaria patients is significantly ele-
vated. Meanwhile, animal studies have shown that FIla can
increase vascular permeability [105] and induce mast cell
degranulation via PAR-1 during inflammation [106, 107].
TF-FVa and FVa-FXa complexes act via PAR-2, leading to
mast cell degranulation [108, 109]. In addition, the expres-
sion of PAR-2 in mast cells at the lesional sites of urticaria
is upregulated [109]. In turn, activated coagulation factors
(FVIIa, FXa, FIIa) trigger intracellular activation via PARs,
induce pro-inflammatory mediators, and initiate an inflam-
matory response [110, 111]. Plasma levels of F,_,, TAT,
and FVIIa are significantly increased in CU patients [17,
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41, 51], without elevated FXIIa [24, 53], further suggesting
that the generation of thrombin in CU patients occurs and
only the extrinsic coagulation pathway is involved in the
pathogenesis of CU.

The Activated Fibrinolysis System Might be Involved in
the Pathological Mechanism of Urticaria Moreover, Flla
can convert fibrinogen into fibrin. Fibrin can promote the
occurrence of inflammatory responses through Toll—like
receptor 4 (TLR-4). At the same time, FIla can further
affect the activities of t—PA and u—PA by regulating plas-
minogen activator inhibitor—1 (PAI-1), thus regulating the
fibrinolysis process. Fibrin degradation during fibrinolysis
produces D-dimer. Increased D-dimer and decreased t-PA
concentrations also suggest the activation of fibrinolysis
[19, 43]. Multiple studies [35, 37, 50, 51, 69, 71, 72, 82]
have found that D-dimer is significantly increased in the
serum of patients with urticaria, especially those with CU.
Researchers have also confirmed that HMWK is elevated
and t-PA is decreased in patients with CU [19]. In addi-
tion, the immune-inflammatory response in urticaria also
promotes fibrin formation and fibrinolysis, resulting in
elevating D-dimer plasma levels [41]. This significant cor-
relation has been confirmed among IL-6, CRP, and D-dimer
in CSU [58], which further indicates the potential interplay
between fibrinolysis system and inflammatory response in
CSU. Coagulation/fibrinolysis biomarkers such as D-dimer
and F1+2 can, to some extent, also reflect the severity of
urticaria, especially CU. This suggests their potential value
in assessing the disease state and guiding further research
into urticaria pathophysiology and treatment strategies.

The Coagulation Cascade, Vascular Endothelial Cells, and the
Complement System may Jointly Participate in the Patholog-
ical Mechanism of Urticaria Vascular endothelial cells play a
crucial role in the early stage of urticaria onset. After being
stimulated by vascular endothelial growth factor (VEGF)
and other factors, vascular endothelial cells will express a
large amount of TF on their surface and produce activated
coagulation factors such as Flla. Flla and FXa can also
induce endothelial cell gap formation via PAR-1, disrupt
the vascular endothelial barrier, increase vascular permeabil-
ity, and cause plasma leakage, triggering the inflammatory
reaction and urticaria symptoms like skin edema and wheals
[112]. Researcher has also found that the level of VEGF was
significantly higher in CU patients than in normal subjects
[39]. Additionally, mast cells express C5a receptors. As an
activated complement product, C5a activates macrophages,
neutrophils, mast cells, triggering inflammatory-substance
release and promoting inflammation. FIla can convert C5
into C5a, and the latter induces the release of histamine from
skin mast cells and peripheral blood basophils through the
C5a receptor (without the involvement of antigens and IgE),
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thereby promoting the occurrence and development of urti-
caria symptoms [25, 112]. Meanwhile, FIla participates in
the interaction between the coagulation and complement
systems, affecting the pathological process of CSU [25,
112]. Research has confirmed that the levels of C5a and C4
in patients with CU are significantly higher than those in
healthy controls [19]. Therefore, the coagulation cascade,
vascular endothelial cells, and the complement system are
closely linked in urticaria pathology. But the exact mecha-
nism remains unclear and requires further study.

In conclusion, the interplay of immunity, inflammation,
and coagulation/fibrinolysis in urticaria may amplify its
inflammation, yet the causal links among these three systems
lack strong evidence. Future research may validate their clinical
utility and explore targeted therapies based on these insights.

Coagulation/Fibrinolysis Markers as Predictors
of the Treatment Response

Regarding predictors, nonresponse or low-response to
antihistamines, omalizumab and cyclosporine can be pre-
dicted by some coagulation/fibrinolysis biomarkers, such as
D-dimer, albeit with unknown sensitivity. A series of stud-
ies have found that D-dimer levels have shown a dramatic
decrease in patients with CIU/CSU after omalizumab or
cyclosporine treatment [52, 59, 62, 96]. Although elevated
plasma levels of D-dimer lack specificity, the identification
of D-dimer may play a pivotal role in evaluating the treat-
ment effectiveness or the disease exacerbation. However,
current studies on other coagulation/fibrinolysis predic-
tors lack a robust and unified conclusion on this predic-
tive aspect. Future studies should focus on establishing the
sensitivity and specificity of these biomarkers in predicting
treatment responses.

Prospects for Anticoagulants and Anti-Fibrinolysis Therapy

The activation of coagulation/fibrinolysis may provide the
rationale for an anticoagulant and antifibrinolytic therapy in
patients with severe urticaria or special subtypes of urticaria
[99]. Anticoagulants have been infrequently used in urticaria
treatment, primarily reported in case reports of refractory
cases. Chua and Gibbs first reported the effectiveness of hep-
arin sodium as a treatment for CU [27], and heparin sodium
can turn apparently positive ASST negative [45]. Magen and
Chikovani successfully treated angioedema after omalizumab
injections in a patient with CSU using tranexamic acid [60],
which is an antifibrinolytic agent. Some researchers reported
that warfarin, a competitive inhibitor of vitamin K, was effec-
tive in patients with CIU [30, 113]. Khalaf et al. found that the
desloratadine combined with dipyridamole, which is a plate-
let adhesion inhibitor, is more effective for patients with CU
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[26]. It has been speculated that suppressing inflammation is
the one of reasons this anticoagulant/ antifibrinolytic therapy
works [38]. It is worth noting that most of the current findings
were based on short-term clinical observations. It needs to be
investigated, whether anticoagulant therapy could be the one
of the solutions to the current dilemma of urticaria treatment.

Comparison with Other Literature Findings

This scoping review is the first of its kind to comprehen-
sively and extensively analyze the published coagulation/
fibrinolysis biomarkers and their association with anticoagu-
lant use in urticaria, especially CU, thus setting it apart from
previous literature in this field. While previous reviews have
delved into this research area, the review uniquely has con-
solidated and expanded upon these findings, encompassing
a broader range of relevant studies. Regarding the pathologi-
cal mechanisms, researchers posited that the coagulation/
fibrinolysis system contributed to the pathogenesis of urti-
caria [99, 114]. Yanase et al. [103] suggested that activating
the extrinsic coagulation pathway may induce degranulation
of skin mast cells and edema. Regarding disease severity
prediction, Kolkhir et al. [115] found a significant associa-
tion between CSU activity and blood levels of D-dimer and
F,,,. Another review [116] also found that thrombin genera-
tion and fibrinolysis were increased during exacerbations of
urticaria and angioedema, with the biomarker levels decreas-
ing to normal during remission. In terms of predictors of
treatment response, some reviews found that D-dimers were
robust predictors of a poor or no response to sgAHs [117,
118] and were associated with better responses to cyclo-
sporine [119]. Most reviews supported that coagulation
activation contributed to the pathophysiology of urticaria,
especially CU and CSU, and it may predict drug responses,
conforming to our results. Previous researches were mostly
qualitative analysis or cases summaries. Our study quanti-
fies coagulation/fibrinolysis biomarkers-urticaria-severity
links, comprehensively analyzes the efficacy-predictive role
of existing biomarkers and the types of anticoagulants used,
and offers a relatively precise overview of the field.

Potential Applications and Implications of These
Findings in Urticaria Diagnosis and Intervention

This review may provide some guidance for clinicians and
patients regarding the potential applications of coagula-
tion/fibrinolysis biomarkers in formulating diagnostic and
treatment plans for urticaria, especially CU. Through the
detection of related biomarkers, such as D-dimers, physi-
cians may be able to determine the patient’s condition at
an early stage and develop a more individualized treatment
plan. There is a possibility that identifying patients with
drug-resistant urticaria and facilitate the implementation of

stratified medication could potentially be extended. Finally,
standardized anticoagul ant and antifibrinolytic therapies
may potentially open new avenues in the treatment of urti-
caria, especially CU. However, this requires further verifica-
tion through future studies.

Future Directions for Research

The coagulation/fibrinolysis biomarkers in literature identified
in this review may provide new directions for future clinical
and mechanism research. This scoping review underscores the
existing unmet clinical needs in urticaria while highlighting the
insufficiency of mechanistic studies exploring the involvement
of the coagulation/fibrinolysis system in the disease progression.
To address these gaps, urgent steps are warranted. First, exist-
ing studies in anticoagulants are mostly observational; there-
fore, gaps in the current literature suggest that there is an urgent
need for high-quality RCTs to prove their effectiveness. Second,
potential confounding factors such as the individual differences
among patients with different types of urticaria in clinical prac-
tice still need to be carefully considered. Relevant studies may
focus on a specific type of urticaria to generalize the research
findings. Third, the specific effect of biomarkers in predicting
drug response needs further substantiation. Fourth, further evi-
dence is needed to elucidate the relationship between refractory
urticaria and the coagulation/fibrinolysis system. This may be
a new therapeutic target for refractory urticaria. Furthermore,
whether abnormalities in coagulation/fibrinolysis biomarkers
can explain urticaria resistance is worth exploring.

Limitations

The following study limitations are acknowledged. (1) Our
review covered diverse urticaria types and age groups, causing
inter-study heterogeneity that could veil subgroup-specific trends.
(2) Quantitative subgroup analyses have not been applied accord-
ing to different types of urticaria. Different types of urticaria vary
widely in coagulation biomarkers. (3) All three meta—analyses
had substantial heterogeneity. Diverse study designs and urticaria
subtypes likely contributed to result variance. Also, bias risk was
present in most studies, so results need cautious interpretation.
(4) Different biomarker detection methods were used. Even
after value normalization, they may bias results. Each method
has pros and cons. Appropriate methods should be chosen per
situation, with strict quality control and verification for accurate
results. (5) Hematological or inflammatory diseases can skew
coagulation/fibrinolysis biomarkers and such cases should be
excluded in our study. After examining the inclusion and exclu-
sion criteria for urticaria patients in 71 included studies, none
of the studies mentioned whether the included urticaria patients
had hematological diseases or other inflammatory diseases, nor
did they clearly exclude urticaria patients with high coagula-
tion/fibrinolysis markers caused by such diseases. In studies

@ Springer



25 Page 32 of 36

Clinical Reviews in Allergy & Immunology (2025) 68:25

involving anticoagulant drugs, only patients at risk of bleeding
were excluded. Hence, we can’t tell if biomarker changes relate
to urticaria or underlying hematological diseases. Most inflam-
matory diseases have coagulation biomarkers abnormalities [16].
And it is hard to tell if coagulation/fibrinolysis biomarkers are
due to urticaria or inflammatory diseases. Future studies should
exclude urticaria patients with these comorbidities.

Conclusions

This scoping review of urticaria and coagulation/fibrinolysis
system is a starting point to summarize research in this area,
generate hypotheses, and direct future research. Two critical
points were revealed: positive correlations between the coagu-
lation/fibrinolysis biomarkers levels (D-dimers [26 articles]
and F|, [12 articles]) and disease severity were confirmed;
coagulation/fibrinolysis biomarkers may hold predictive value
for treatment response (D-dimers). However, these results
were mostly derived from observational studies, all of which
need to be supported by more rigorous research evidence.
Furthermore, although the field of pharmacological treatment
of urticaria, especially CU, is ripe, the coagulation/fibrinolysis
system shows promise as a new therapeutic target for urticaria.
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