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having more than one is
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Background: Chronic inducible urticaria (CIndU) is characterized by wheals and/

or angioedema (AE) for 6 weeks or more in response to specific and definite

triggers. Individual patients can have more than one type of CIndU. Reports on

this come from single cases or small case series, most epidemiological studies

did not assess whether these urticaria are standalone or mixed.

Objective: Determine the features of mixed CIndU and how they differ from

standalone forms.

Methods: In a prospective cohort study we performed provocative testing in 210

patients with CIndU. A total of 188 patients were included (125 with the

standalone CIndU and 63 with the mixed CIndU. Within each group, patients

were divided into subgroups: symptomatic dermographism (SD), cold (ColdU)

and cholinergic urticaria (CholU).

Results: Mixed CIndU most commonly were SD+ColdU (n=19, 30.2%), SD

+CholU (n=15, 23.8%), SD+DPU (n=12, 19%) and ColdU+CholU (n=9, 14.3%).

Comorbid chronic spontaneous urticaria (CSU) (50.8% vs 20.8, p<0.001) and AE

(36.5% vs. 20%, p=0.014) were more common in patients with mixed CIndUs. In

patients with mixed CIndUs, their onset time is more closely linked to each other

(n=43; 68.2%) as compared to that of comorbid CSU (12 of 32, 37.5%). MixedSD

patients are younger, show earlier onset of disease and have higher rates of AE

and lower rates of atopic dermatitis (AtD), as compared to patients with

standalone SD. MixedColdU patients have higher rates of comorbid CSU and

lower rates of AtD, higher levels of total IgE and eosinophils. MixedCholU patients

are older, have a high rate of comorbid CSU, a lower incidence of allergic disease.
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Conclusion: This study shows for the first time that each combinations of mixed

CIndU represent a distinct phenotype with its own features. These phenotypes

require special attention of specialists.
KEYWORDS

urticaria, chronic inducible urticaria, wheal, angioedema, cold urticaria, symptomatic
dermographism, cholinergic urticaria
1 Introduction

Chronic inducible urticaria (CIndU) is a heterogeneous group

of diseases characterized by wheals, angioedema (AE), or both for 6

weeks or more that develop in response to specific triggers (1).

CIndU is divided into 2 subgroups - those with triggers that are

physical factors [cold (ColdU), heat (HeatU), solar (SolarU),

vibratory angioedema, delayed pressure urticaria (DPU) and

symptomatic dermographism (SD)] and those with other triggers

[cholinergic (CholU), aquagenic (AquaU), contact] (2, 3).

In comparison with chronic spontaneous urticaria (CSU),

CIndU is characterized by a longer disease duration and lower

rates of spontaneous remission (4, 5). Moreover, patients with

CIndU, as compared to CSU, exhibit earlier disease onset, higher

rate of concomitant allergic diseases (AD), lower rates of

autoimmune diseases (AI), and lower rates of AE (6–9). Female

gender predominates in most types of CIndU with the exception of

CholU (5, 10–12).

The prevalence of CIndU is estimated to be at least 0.5% in the

general population and up to 25% of all cases of chronic urticaria

(CU) are CIndU (3). The most common CIndUs are SD (50-78% of

all CIndU), ColdU (26.1%-37%), and CholU (6-30%) (1, 13–17).

According to the results of an epidemiological study in Moscow,

these three urticaria are also the most common: 50% SD, 10%

CholU and 9% ColdU (18). Individual patients can have more than

one type of CIndU (19–21). Previous reports generally entail single

cases or small case series of CIndU (22–32), and do not describe

whether cases were standalone or mixed. When such assessments

were made, they primarily focused on comorbid CSU, with Pereira

et al. reporting a rate of 21.5% (12) and Ozdemir et al. finding only

5% (33).

Thus, many questions remain to be answered:
1. Do patients with standalone and mixed forms of the most

common CIndU (SD, ColdU, CholU) differ from

each other?

2. How does the onset of the different urticaria vary between

the groups and what might this mean?

3. How does each standalone form of urticaria (standalone SD

(sSD), standalone CholU (sCholU), standalone ColdU

(sColdU)) differ from patients with the same urticaria but

in combination (mixedSD, mixedColdU, mixedCholU)?
02
We performed this study to address these knowledge gaps by

describing the features of mixed CIndU (mixedCIndU) and

comparing them with those of standalone CIndU (sCIndU).

Comparisons of mixedCIndU and sCIndU, including such large

numbers of patients, have not been done before.
2 Materials and methods

2.1 Study design

A single-center prospective study was conducted at one of the

GA2LEN Urticaria Centers of Reference and Excellence (GA2LEN

UCARE) (34) from January 2023 to January 2024. The study was

approved by Local Ethics Committee (№ 08/0823 dated

30.08.2023), and all patients provided informed consent.

Inclusion criteria were as follows:
• older than 18 years of age;

• positive provocation test to 1 trigger in case of sCIndU and

to 2 triggers in case of mixedCIndU;
Exclusion criteria were as follows:
• pregnancy, lactation (contraindications to provocation

tests);

• the presence of more than two types of CIndU;

• patients with standalone or mixed forms not including

patients with SD, CholU, Cold (as the most common

forms);
During the follow-up period in the center, 210 patients with

CIndU were identified by provocation testing. Of them 22 patients

were excluded from the analysis according to the exclusion criteria

(10 of them had 3 combined CIndU, 1 patient with 2 rare forms of

CIndU (DPU+SolarU), 11 patients with another form of standalone

CIndU (DPU, SolarU, HeatU, AquaU)). A total of 188 CIndU

patients were included in the study (Figure 1). Of these, 63 patients

had 2 types of CIndU and 125 patients had one. The following types

of sCIndU were analyzed: sCholU (n=47), sSD (n=40) and sColdU

(n=38). The following combinations in mixedCIndU were

observed: SD+ColdU (n=19; 30.2%), SD+CholU (n=15; 23.8%),
frontiersin.org
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SD+DPU (n=12; 19%), ColdU+CholU (n=9; 14.3%), and other

rarer combinations (n=8; 12.7%): SD+HeatU (n=1); ColdU+SolarU

(n=2); CholU+DPU (n=2); CholU+HeatU (n=1); CholU+AquaU

(n=2). All these combinations formed three main mixed groups:

mixedSD (n=46), mixedColdU (n=30), mixedCholU (n=29).

The study compared patients with sCIndU and mixedCIndU.

Patients were compared according to the following parameters:

gender, age, duration of the disease, the age of onset, family history

of any urticaria (CSU or CIndU), comorbid CSU, the presence of

AE, systemic reactions, comorbid AD and AI and some laboratory

parameters: total IgE, (0–130 IU/ml), C-reactive protein (CRP, 0–6

mg/L), eosinophil count (0–500 cells/mcL), basophil count (0–200

cells/mcL), presence of increased anti-thyroid peroxidase (TPO)

IgG (anti-TPO-IgG).

On the next step the onset of different urticaria was analyzed:
Fron
1. Evaluation of CSU, CIndU, CIndU+CSU onset in patients

with comorbid CSU in the mixedCIndU, mixedSD,

mixedCholU, mixedColdU groups.

2. Evaluation of CSU, CIndU, CIndU+CSU onset in sCIndU,

sSD, sCholU, sColdU groups.

3. In the mixedCIndU, mixedSD, mixedColdU, mixedCholU

groups it was evaluated whether the onset of 2 CIndUs was
tiers in Immunology 03
simultaneous. In case of non-simultaneous onset, which

urticaria started first.
Comparative analysis on the previously listed parameters was

also performed between the following groups: sSD and mixedSD,

sColdU and mixedColdU, sCholU and mixedCholU.

The study provides a descriptive characteristics of mixedCIndU.

SCindU were compared between patients with the same type of

urticaria from all mixedCIndU groups (sSD vsmixedSD, sColdU vs

mixedColdU, sCholU vs mixedCholU).

The treatment schemes were not evaluated in this study because

patients were included at different stages of treatment and dynamic

response was not assessed. The requested washout period from the

medications before the provocation was followed.
2.2 Statistical methods

Statistical analysis was performed using Python3.12 and

statistical packages “scipy”. Quantitative features were assessed for

normality using Shapiro-Wilk test. Quantitative features were

described using mean (M), standard deviation (SD) and 95%

confidence interval (CI95) with normal distribution or median
FIGURE 1

Study design. CIndU, chronic inducible urticaria; SD, symptomatic dermographism; CholU, cholinergic urticaria; ColdU, cold urticaria; DPU, Delayed
Pressure Urticaria.
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1584771
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Lebedkina et al. 10.3389/fimmu.2025.1584771
(Me) with interquartile interval (Q1-3) with different distribution

from normal. Categorical features were described using absolute value

(n) and relative frequencies (%). The comparison of quantitative

variables with normal distribution using Student’s t-test and Mann-

Whiney U-test for non-normal distribution between two groups. The

comparison between three or more groups regarding quantitative

variables with normal distribution was performed using one-way

analysis of variance and post-hoc comparisons was conducted using

the Games-Howell test. For non-normal distribution comparison was

conducted with Kruskal-Wallis test and Dunn’s test with Holm

correction as a post-hoc method. Frequencies of categorical features

were compared using Pearson chi-squared test. Differences were

considered statistically significant at p<0.05.
3 Results

3.1 In patients with SD, CholU, or ColdU
combination with another CIndU is
common

Of 210 patients with CIndU, 188 patients had SD, CholU, or

ColdU. Two-thirds (n=125, 66.5%) of these patients had them

standalone, whereas one third (n= 63, 33.5%) in combination

with another CIndU (Figure 1).

Of the 125 patients with sCIndU, 40 had SD (32%), 47 had

CholU (37.6%), and 38 had ColdU (30.4%). Among patients with

sSD, the prevalence of comorbid CSU was 40%, in patients with

sColdU 2,6% and in patients with sCholU 19,1%. Of the 63 patients

with mixedCIndU, SD+ColdU was the most common combination

(30.2%), followed by SD+CholU (23.8%), SD+DPU (19%), ColdU

+CholU (14.3%) and other rarer combinations (12.7%). Among

patients with mixedSD, the prevalence of comorbid CSU was 54.3%,

in mixedColdU 42.9%, in mixedCholU 48.3%. The prevalence of

CSU in combinations was 42.1% in SD+ColdU, in SD+CholU

53.3%, in ColdU+CholU 44.4%, in SD+DPU 75.0%.

Of 86, 68, and 76 patients with SD, ColdU, and CholU,

respectively, 53%, 44%, and 38% had their CIndU in combination

with another CIndU.
3.2 MixedCIndUs was associated with CSU
and AE

Patients with sCIndU did not differ from patients with

mixedCIndU in gender distribution, age, age at onset of disease,

disease duration, rates of systemic reactions, AI, or a family history

of urticaria (Table 1). Comorbid CSU was more common in

mixedCIndU patients compared to standalone (50.8% vs 20.8,

p<0.001), as was AE (36.5% vs. 20%, p=0.014). As seen in the

analysis of comorbid CSU described in the previous paragraph, in

the mixedCIndU groups as well as in each of the combinations, its

prevalence is 42.9-75%, whereas in the standalone groups only in
Frontiers in Immunology 04
the sSD group CSU occurs in 40% of cases and is almost absent in

the sColdU group. Сomorbid atopic dermatitis (AtD) was more

frequent in patients with sCIndU vs mixedCIndU, (14.4% vs.

0% (p=0.002)).
TABLE 1 Comparative analysis of patients with mixed and
standalone CIndU.

Features

CIndU
P

valueStandalone
(n=125)

Mixed (n=63)

Gender: Female 66 (52.8%) 39 (61.9%) 0.235

Age, years 35 [24 – 48] 32 [25- 41.5] 0.218

Age of onset, years 22 [18 – 39] 25.5 [17 – 36.75] 0.903

Duration, month 48.00 [15.75 – 108] 42 [16.5 – 108] 0.966

Age of onset**, years 25,67 [17.46 - 34] 22 [18 - 39] 0.842

Duration**, month 48 [18 – 121.5] 48 [15.75 - 108] 0.822

Rate of
comorbid CSU

26 (20.8%) 32 (50.8%) < 0.001

AE 25 (20%) 23 (36.5%) 0.014

AE presence due to: 0.308

CSU 6 (42.9)% 8 (57.1)%

ColdU 13 (56.5%) 10 (43.5)%

CholU 6 (66.7%) 3 (33.3%)

DPU 0 (0%) 2 (100.0%)

Systemic reactions 14 (11.2%) 6 (9.7%) 0.751

AD: 53 (42.4%) 18 (28.6%) 0.065

ARC 47 (37.6%) 18 (28.6%) 0.219

BA 7 (56%) 1 (1.6%) 0.271

AtD 18 (14.4%) 0 (0%) 0.002

AI: 13 (10.4%) 8 (12.7%) 0.637

Family history
of urticaria

7 (5,6%) 3 (4,8%) 1.000

Total IgE, IU/ml 112 [56 – 273] 140 [50 – 255] 0.942

CRP, mg/L 2.00 [0.12 – 4.42] 0,49 [0.09 – 1.95] 0.178

Eosinophil count,
cells/mcL

160.00 [90 – 225] 200 [125 – 320] 0.026

Basophil count,
cells/mcL

40.00 [20 – 50] 30.00 [5.04 – 50] 0.129

Increased anti-
TPO-IgG

11 (17.7%) 5 (11.6%) 0.425
front
** Refers to any first onset urticaria (CSU and/or CIndU).
** Refers to the first onset CIndU.
CIndU, Chronic Inducible Urticaria; CSU, Chronic Spontaneous Urticaria; ColdU, Cold
Urticaria; CholU, Cholinergic Urticaria; DPU, Delayed Pressure Urticaria; ARC, Allergic
Rhinoconjunctivitis; BA, Bronchial Asthma; AtD, Atopic Dermatitis; AI, Autoimmune
disease; AD, allergic diseases; AE, angioedema; CRP, C-reactive protein; anti-TPO-IgG,
anti-thyroid peroxidase (TPO) IgG.
The bold values are statistically significant.
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Laboratory parameters were similar, except for eosinophil

counts, which were higher in patients with mixedCIndU vs

sCIndU (p=0.026).
3.3 In patients with mixedCIndUs, their
onset time is more close to each other as
compared to that of comorbid CSU

In two thirds (n=43; 68.2%) of 63 patients with mixedCIndU,

both CIndUs started at the same time, i.e. within three months of

each other (Figure 2A). This was similar for all combinations of

mixedCIndU, where one was SD (67.4%), ColdU (60%), or CholU

(62%) (Table 2). In non-simultaneous onset, ColdU was the first in

40.0% of patients, CholU in 35.0%, SD in 15%, DPU in 5%, and

SolarU in 5% (Figure 2B).

In contrast, comorbid CSU started at the same time with CIndU

in less than half of patients in both groups, sCIndU (11 of 26, 42.4%,

Figure 3) and mixedCIndU (12 of 32, 37.5%, Figure 4).

First urticaria in non-simultaneous onset was also assessed in

each group (CholU, ColdU, DPU, SD, SolarU), with no significant

differences between groups (p=0.111) (Table 2).
3.4 Patients with mixedSD are younger,
show earlier onset of disease and have
higher rates of angioedema and lower rates
of AtD, as compared to patients with sSD

When sSD patients (n=40) were compared with mixedSD

patients (n=46) (Table 3), both groups were predominantly

female (72.5% vs. 60.9%, respectively, p=0.255), while patients

with mixedSD were younger (30.5 [25.00; 35.75] vs. 40.00 [29.00;

50.00] years, respectively, p=0.002) with onset at an earlier age

(27.34±13.30) vs. 34.15±12.46) years, respectively, p=0.017) and

had a significantly higher rate of AE (37% vs. 10%, p=0.004)

regardless the comorbid forms of CIndU and/or CSU. The

occurrence of comorbid CSU did not differ between groups

(54.3% for mixedSD vs. 40.0% for sSD, p=0.184), while the

prevalence of AtD was significantly higher in the sSD group

(12.5% vs. 0%, p=0.019), however the prevalence of AD did not

differ between groups (25.5% for mixedSD vs. 35% for

sSD, p=0.336).
Frontiers in Immunology 05
3.5 Patients with mixedColdU have higher
rates of comorbid CSU and lower rates of
AtD, higher levels of total IgE and
eosinophils

Women predominated in both mixedColdU (n=30) and

sColdU (n=38) groups (83.3% and 78.9%, respectively) (Table 4),
Simultaneous ons

31.8%

68.2%

Non-simultaneous

А

В

35.0%

40.0%

15.0%

5.0%

5.0%

ColdU DPU

SD

CholU

SolarU

FIGURE 2

et

Assessment of the onset of CIndU in mixedCIndU group (n=63).
(A) among all patient in mixed CIndU (n=63) 68.2% had simultaneous
onset of 2 urticaria, 31.8% non-simultaneous onset. (B) with non-
simultaneous onset, ColdU was the first in 40.0% of patients, CholU in
35.0%, SD in 15%, DPU in 5%, and SolarU in 5%. SD, Symptomatic
Dermographism; CholU, Cholinergic Urticaria; ColdU, Cold Urticaria;
DPU, Delayed Pressure Urticaria; SolarU, Solar Urticaria.
TABLE 2 Comparison of 2 CIndU onset in mixedCIndU groups.

Features mixedSD (n=46) mixedColdU (n=30) mixedCholU (n=29) P

Simultaneous onset of two CIndUs 31 (67.4%) 18 (60%) 18 (62%) 0.786

First urticaria in non-
simultaneous onset

CholU 4 (26.7%) 3 (25.0%) 7 (63.6%) 0.111

ColdU 6 (40.0%) 8 (66.7%) 2 (18.2%)

DPU 1 (6.7%) 0 (0.0%) 0 (0.0%)

SD 4 (26.7%) 0 (0.0%) 2 (18.2%)

SolarU 0 (0.0%) 1 (8.3%) 0 (0.0%)
CIndU, Chronic Inducible Urticaria; SD, Symptomatic Dermographism; CholU, Cholinergic Urticaria; ColdU, Cold Urticaria; DPU, Delayed Pressure Urticaria; SolarU, Solar Urticaria.
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whereas there was a trend for younger age (36.79±13.8 vs. 43.68

±15.19) years, p=0.063) and earlier disease onset (29.34±16.17) vs.

36.84±16.78) years, p=0.073) and a significantly higher incidence of

comorbid CSU (42.9% vs. 2.6%, p<0.001) in the mixedColdU group

compared sColdU. The frequency of AE did not differ (46.7% in

mixedColdU vs. 36.8% in sColdU, p=0.414). AtD was significantly

more common in the sColdU group (15.8% vs. 0%, p=0.035), while

the prevalence of AD did not differ between groups (34.2% for

mixedColdU vs. 36.7% for sColdU, p=0.833). The mixedColdU

group had higher levels of total IgE (160.00 [90; 325] vs. 64.30

[35.20; 85.50] IU/ml, respectively, p=0.02), higher number of

eosinophils (220.00 [180; 300] vs. 100.00 [37.5; 200] cells/mcL,

p=0.002), and though not statistically significant, had lower
Frontiers in Immunology 06
basophil levels (30.00 [10.04; 30] vs. 42.00 [10; 100] cells/

mcL, p=0.054).
3.6 Patients with mixedCholU are older,
have a high rate of comorbid CSU, a lower
incidence of AD

Patients with mixedCholU (n=29) were older than sCholU

(n=47) patients (24.39±14.93) vs. 17.80±3.20) years, p=0.048)

(Table 5) and were also more likely to have comorbid CSU

(48.3% vs. 19.1%, p=0.007). However, the occurrence of AE did

not differ between groups (33.3% for mixedCholU vs. 14.9% for
Simultaneous СIndU СSU

26.9%

30.7%

42.4% 43.45%

100.0%

44.4%

0%

20%

40%

60%

80%

100%

sSD sColdU sCholU

Simultaneous CSU+CIndU onset

А В

P=0.545

FIGURE 3

Assessment of the first presented urticaria in sCIndU among patients with CSU (n=26). (A) among all patient with comorbid CSU in sCIndU group
42.4% has simultaneous onset of CSU plus CIndU, 30.7% has CSU as first urticaria and 26.9% has CIndU as first urticaria. (B) Evaluation of the onset
of simultaneous CSU plus CIndU in each of the standalone groups with comorbid CSU (sSD (n=7), sColdU (n=1), sCholU (n=9)). In sSD and sCholU
43.45% and 44.4% of patients had simultaneous debut of CSU plus CIndU, in sColdU simultaneous debut occurred in 100% (only 1 patient in a
group), p=0.545. CIndU, Chronic Inducible Urticaria; CSU, Chronic Spontaneous Urticaria; sSD, standalone Symptomatic Dermographism; CholU,
standalone Cholinergic Urticaria; ColdU, standalone Cold Urticaria.
Simultaneous СIndU СSU

31.25%

37.5% 44% 43%

25%

0%

20%

40%

60%

80%

100%

mixedSD mixedColdU mixedCholU

Simultaneous CSU+CIndU onset

А В

31.25%

P=0.514

FIGURE 4

Assessment of the first presented urticaria in mixedCIndU among patients with CSU (n=32). (A) among all patient with comorbid CSU 37.5% has
simultaneous onset of CSU+CIndU, 31.2% has CSU as first urticaria and 31.2% has CIndU as first urticaria. (B) In mixedSD (n=25) and mixedColdU
(n=12) 44% and 43% of patients had simultaneous debut of CSU+CIndU, in mixedCholU (n=14) simultaneous debut occurred in 25%, p=0.514.
CIndU, Chronic Inducible Urticaria; CSU, Chronic Spontaneous Urticaria; SD, Symptomatic Dermographism; CholU, Cholinergic Urticaria; ColdU,
Cold Urticaria.
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sCholU, p=0.146). AD were significantly more common in the

sCholU group (24.1% vs. 55.3%, p=0.008), i.e., allergic

rhinoconjunctivitis (ARC) was more prevalent in the sCholU

group (16.7% for mixedCholU vs. 48.9% for sCholU, p=0.008).
4 Discussion

Here we present the largest study on the comparison of

mixedCIndU and sCIndU. In our cohort, sCIndU was more
Frontiers in Immunology 07
common and accounted for two-thirds of all patients with

CIndU. We found several differences between these groups.

Comorbid CSU and AE were more common in patients with

mixedCIndU. In mixedCIndU, their onset time was more closely

linked to each other as compared to that of comorbid CSU.

MixedCIndU differed from sCIndU in several features. Patients

with mixedSD were younger, showed earlier onset of disease and

had higher rates of AE and lower rates of AtD, as compared to

patients with sSD. MixedColdU patients had higher rates of

comorbid CSU and lower rates of AtD, higher levels of total IgE

and eosinophils. MixedCholU patients were older, had a high rate of

comorbid CSU, a lower incidence of AD.

The diagnosis of CIndU is particularly important, as the

incidence of the disease continues to rise. For instance, findings

from Moscow study (2017-2021) revealed a growing trend in all

types of CIndU (18). In particular, the number of patients with

CholU increased by more than three times, and ColdU by 2.5 times

in 4 years. In our study, 66.5% of all patients had sCIndU and 33.5%

had mixedCIndU. We observed that 53% of SD had mixedSD, 44%

of ColdU had mixedColdU and 38% of CholU had mixedCholU.

Despite the fact that sCIndU predominate, the presence of

mixedCIndU in one third of patients may indicate a misdiagnosis

of this disease worldwide. The most frequent combinations in our

study were SD+ColdU (30.2%), SD+CholU (23.8%), SD+DPU

(19%) and ColdU+CholU (14.3%). These data nearly match with

our previous study (except for the SD+ColdU combination), where

also the most frequent combinations were SD+CholU (13.9%), SD

+DPU (25%) and ColdU+CholU (16.7%) (9).

In the mixedCIndU group, the female sex predominates

(61.9%). In the sCIndU, the distribution of sex is almost equal

(52.8% of women), but the difference between the groups is not

significant. When analyzed further, it turned out that the prevalence

of female was higher for sColdU, mixedColdU, sSD, mixedSD, but

in both sCholU and mixedCholU male absolutely predominate

(85.1% and 66.7%, respectively). Our findings align with findings

from previous studies, where female sex predominance is typical for

all CIndUs, where the prevalence of female reaches 74% (11), but for

CholU male sex predominates (35, 36).

The onset age of CIndU varies between standalone and mixed

forms, aligning with known peak ages of CIndU incidence (20s-30s)

(2, 3). In our study sSD tends to manifest later, with mixedSD

appearing significantly earlier (27 vs. 34 years respectively).

Similarly, mixedColdU present at a younger age than sColdU (37

vs. 29 years respectively), though the difference is less statistically

strong. In contrast, mixedCholU has a later onset compared to

sCholU, with onset typically occurring in adolescence or young

adulthood (24 vs. 18 years, respectively). Notably, earlier onset in

some forms, like ColdU and CholU, may be associated with a longer

disease duration (21, 37) underscoring the distinct patterns of onset

and progression between mixed and standalone types.

Estimating duration in our cohort is challenging, as none of the

patients were in remission, suggesting the true duration exceeds the

nearly 4 years observed for both mixed and standalone forms. It is

known that the duration of CIndU is often longer than CSU, with

lower rates of remission at 1 year and some studies showing the
TABLE 3 Comparative analysis of mixedSD vs. sSD.

Features SD (n=86) P
value

Standalone
(n=40)

Mixed (n=46)

Age, years 40.00 [29.00; 50.00] 30.50 [25.00; 35.75] 0.002

Gender:
Female

29 (72.5%) 28 (60.9%)
0.255

Age of
onset, years

34.15 (12.46) 27.34 (13.30)
0.017

Duration, months 25.00 [7.00; 108.00] 36.00 [13.25; 69.00] 0.330

Rate of
comorbid CSU

16 (40.0%) 25 (54.3%)
0.184

AE 4 (10.0%) 17 (37.0%) 0.004

AE presence
due to:

0.213

CSU 4 (36.4%) 7 (63.6%)

CholU 0 (0.0%) 1 (100.0%)

ColdU 0 (0.0%) 7 (100.0%)

DPU 0 (0.0%) 2 (100.0%)

Systemic reactions 0 (0.0%) 2 (4.4%) 0.496

AD: 14 (35%) 12 (25.5%) 0.336

ARC 12 (30.0%) 12 (26.1%) 0.687

BA 0 (0.0%) 1 (2.2%) 1.000

AtD 5 (12.5%) 0 (0.0%) 0.019

AI 3 (7.5) 6 (12.8) 0.498

Family history
of urticaria

3 (7.5%) 2 (4.3%)
0.660

Total IgE, IU/ml 142.90 [65.30; 276.50] 125.60 [48.00; 237.00] 0.416

Eosinophil count,
cells/mcL

200.00 [100.00; 230.00] 195.00 [122.50; 352.50] 0.553

Basophil count,
cells/mcL

40.00 [20.00; 60.00] 30.00 [12.50; 65.00] 0.606

Anti-TPO-IgG 7 (26.9%) 4 (13.3%) 0.313
SD, Symptomatic Dermographism; CSU, Chronic Spontaneous Urticaria; CholU, Cholinergic
Urticaria; ColdU, Cold Urticaria; DPU, Delayed Pressure Urticaria; ARC, Allergic
Rhinoconjunctivitis; BA, Bronchial Asthma; AtD, Atopic Dermatitis; AI, Autoimmune
disease; AD, allergic diseases; AE, angioedema; anti-TPO-IgG, anti-thyroid peroxidase
(TPO) IgG.
The bold values are statistically significant.
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lowest rate of remission after 10 years for ColdU (13). No reliable

difference was obtained in any of the 3 forms of standalone and

mixedCIndU, but this difference may appear when evaluated after

the disease remission. It would be interesting to know which of the

two mixedCIndU forms would go into remission and whether the

groups would differ.

When the mixed and standalone groups were compared for the

presence of AD and AI, there was a trend for a higher incidence of

AD in the sCIndU group (42.4% vs. 28.6%, p=0.065). The groups

differed significantly only in the prevalence of AtD (0% and 12.5%

respectively, p=0.002). Interestingly, when we analyzed each of the

three mixed and standalone urticaria forms, AtD was significantly

more common in the sSD, sColdU, and sCholU groups and

completely absent in the mixed groups. This finding suggests

that the presence of two urticaria may have a protective effect

against AtD, but the potential mechanisms underlying this
Frontiers in Immunology 08
phenomenon remain to be recognized. MixedCholU and sCholU

differ in the prevalence of allergic diseases, which predominates in

sCholU (24.1% vs. 55.3%, p=0.008), in particular the prevalence of

ARC is significantly different (49% for sCholU and 17%

for mixedCholU).

Regarding the laboratory parameters between groups, a higher

level of eosinophils was observed in the mixed group (200 vs. 160

cells/mcL). The mixedColdU differs from sColdU in some

laboratory parameters. The mixedCIndU group had significantly

higher levels of total IgE (160 vs. 64.3 IU/ml). Moreover, in the

mixedColdU total IgE is higher than the reference values, and the

significance of these data remains to be determined. Another

interesting difference is the difference in eosinophils, which are

significantly higher in the mixedColdU group (220 vs. 100.00 cells/
TABLE 4 Comparative analysis of mixedColdU vs. sColdU.

Features ColdU (n=68) P
value

Standalone
(n=38)

Mixed (n=30)

Age, years 43.68 (15.19) 36.79 (13.8) 0.063

Gender:
Female

30 (78.9%) 25 (83.3%)
0.761

Age of onset, years 36.84 (16.78) 29.34 (16.17) 0.073

Duration, months 30.00 [12.75; 84] 54.00 [23.50; 125.25] 0.317

Rate of
comorbid CSU

1 (2.6%) 12 (42.9%) < 0.001

AE 14 (36.8%) 14 (46.7%) 0.414

AE presence due to: 2 (66.7%) 1 (33.3%) 0.256

CSU 2 (100.0%) 0 (0.0%)

CholU
ColdU

10 (43.5%) 13 (56.5%)

Systemic reactions 4 (10.5%) 3 (10.7%) 1.000

AD: 11 (36.7%) 13 (34.2%) 0.833

ARC 12 (31.6%) 10 (35.7%) 0.725

BA 3 (7.9%) 1 (3.6%) 0.631

AtD 6 (15.8%) 0 (0.0%) 0.035

AI 6 (20%) 7 (18.4%) 1.000

Family history
of urticaria

3 (7.9%) 2 (7.1%)
1.000

Total IgE, IU/ml 64.30 [35.20; 85.50] 160.00 [90; 325] 0.020

Eosinophil count,
cells/mcL

100.00 [37.5; 200] 220.00 [180; 300] 0.002

Basophil count,
cells/mcL

42.00 [10; 100] 30.00 [10.04; 30] 0.054
ColdU, Cold Urticaria; CSU, Chronic Spontaneous Urticaria; CholU, Cholinergic Urticaria;
ARC, Allergic Rhinoconjunctivitis; BA, Bronchial Asthma; AtD, Atopic Dermatitis; AI,
Autoimmune disease; AD, allergic diseases; AE, angioedema.
The bold values are statistically significant.
TABLE 5 Comparative analysis of mixedCholU vs. sCholU.

Features CholU (n=76) P
value

Standalone
(n=47)

Mixed (n=29)

Age, years 27 [22; 33] 26 [22; 38] 0.692

Gender:
Male

40 (85.1%) 16 (66.7%)
0.122

Age of onset, years 17.80 (3.20) 24.39 (14.93) 0.048

Duration, months 60 [34.50; 115.50] 54.50 [36; 105] 0.616

Rate of
comorbid CSU

9 (19.1%) 14 (48.3%)
0.007

Angioedema 7 (14.9%) 8 (33.3%) 0.146

AE presence due to: 0.056

CSU 1 (20.0%) 4 (80.0%)

CholU 6 (75.0%) 2 (25.0%)

ColdU 0 (0.0%) 2 (100.0%)

Systemic reactions 10 (21.3%) 5 (21.7%) 0.965

Atopic diseases: 26 (55.3%) 7 (24.1%) 0.008

ARC 23 (48.9%) 4 (16.7%) 0.008

BA 4 (8.5%) 0 (0.0%) 0.292

AtD 7 (14.9%) 0 (0.0%) 0.087

AI comorbidity 3 (10.3%) 3 (6.4%) 0.669

Family history
of urticaria

1 (2.2%) 2 (8.3%)
0.269

Total IgE, IU/ml 154,00 [66.80; 271] 144.50 [48.5; 291] 0.886

Eosinophil count,
cells/mcL

150.00 [107.50; 222.50] 170.00 [100; 240] 0.483

Basophil count,
cells/mcL

30.00 [27.50; 40.00] 30.00 [30.00; 40.00] 0.653

Anti-TPO-IgG 4 (11.1%) 2 (10.5%) 1.000
front
SD, Symptomatic Dermographism; CholU, Cholinergic Urticaria; ColdU, Cold Urticaria;
CIndU, Chronic Inducible Urticaria; CSU, Chronic Spontaneous Urticaria; AI, Autoimmune
disease; AD, allergic diseases; AE, angioedema.
The bold values are statistically significant.
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mcL). A trend towards lower levels of basophils is also noted. The

role of these cells in the pathogenesis of ColdU is currently

poorly understood.

CIndU frequently coexists with CSU, especially SD, which

affects up to 35% of CSU patients (38). The presence of CIndU in

CSU patients generally predicts a more severe, prolonged disease

course with lower remission rates, as indicated by various studies (6,

39–41). Findings from this study also suggest that mixedCIndU,

particularly combinations with ColdU and CholU, is associated

with an increased risk of CSU, with higher CSU rates in

mixedCIndU patients compared to sCIndU cases.

As for the prevalence of the presence of AE, it is significantly

more frequent in the mixedCIndU group (36.5% vs. 20%). The same

is observed in the SD group (37.0% vs. 10.0%). AE was also

prevalent in mixedColdU and mixedCholU, but the difference

between these groups was not statistically significant. Given the

high prevalence of CSU in the mixed CIndU groups, it was

important to understand the potential source of AE. Potential risk

factors such as comorbid CSU and 1 of the CIndUs (CholU, ColdU,

DPU) were analyzed. It appeared that there was no difference

between groups in the causes of AE, which may suggest that it is

the combination of two urticaria that influences AE development,

especially in the SD group. Interestingly, in our previous study,

patients with CSU+CIndU were less likely to have AE than patients

with standalone CSU (53% vs. 72%) (9). This may be explained by

the fact that the majority of patients in the previous study had a

standalone type of CIndU (85.4%).

Another important aspect was the analysis of urticaria onset in

all groups. It is noteworthy that in the mixedCIndU (n=63), more

than a third of patients (37.5%) reported a simultaneous onset of

CSU+CIndU, and almost all patients (10 of 12) had a simultaneous

onset of all three urticaria. When comparing the 3 mixed groups

with each other, in mixedSD and mixedColdU almost half of the

patients (44% and 43% respectively) had simultaneous CSU+CIndU

onset, and in mixedCholU a quarter (25%) of the patients had a

simultaneous onset. In our previous study comorbid CIndUs most

commonly started together with CSU, rather than before or after

(9). In standalone groups, simultaneous onset of CSU+CIndU

occurred in 42.4% of cases, while the sSD (43.45%), sColdU (n=1,

100%), and sCholU (44.4%) groups did not differ significantly. This

high percentage of simultaneous onset may suggest a common

pathogenetic mechanism involving autoimmunity and/or

autoallergy. For example, it was previously reported that type I

autoimmunity, also known as autoallergy, is believed to play an

important role in the pathogenesis of not only CSU, but also

CIndU (36).

When we examined the onset of each CIndU in mixedCIndU

cases, 68.2% had a simultaneous onset - a proportion that was even

higher than observed in CSU+CIndU combinations. This suggested

that the pathogenic pathways of two coexisting CIndUs were more

closely interconnected compared to those involving CSU. The

pathogenesis of each CIndU remains unclear, but evidence

suggests autoallergens play a role, such as sweat acting as an
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autoallergen in CholU. Studies have shown that CholU patients

may experience a type I allergy to their own sweat (42, 43),

potentially triggered by the fungal protein MGL_1304 from

Malassezia globosa (44, 45). Although autoallergens in ColdU

have not yet been identified, immunological mechanisms are

likely involved (46–48), and Omalizumab’s effectiveness across

CIndUs supports an IgE-dependent pathway (49–53).

However, whether there are common autoallergens for CIndU

and CSU and for different types of CIndU is a subject of

further investigation.

Although the efficacy of therapy was not evaluated in our study,

according to the literature, the recommended therapy with non-

sedating H1-antihistamines (nsH1-AH), even in escalated doses,

can be ineffective in some patients with CIndU. Kocatürk et al. (35)

showed with standard doses of nsH1-AH the response of patients

with CIndU was lower compared to CSU (20.9% vs. 37.9%,

respectively), and 79.1% of patients with CIndU did not achieve

control (UCT≥12). In the study by Maurer et al (7), of 19.3% of

patients with CIndU on standard doses of nsH1-AH, only 10.3% of

them were able to continue the same dose of therapy after 2 years.

This fact may suggest that although histamine is one of the major

mediators released during mast cell activation, it is only one of a

broad spectrum of proinflammatory mediators (54, 55). Thus,

treatment targeting the mast cell as a major player in the

pathogenesis of CIndU may be more effective than treatment of

nsH1-AH targeting the mediator alone. For example, the use of

anti-IgE therapy with omalizumab has been shown to be effective,

including patients with mixedCIndU. For example, a study by

Vieira et al. (32) showed a positive effect of omalizumab in a

patient with a combination of CSU, DPU and SD. In the study by

Nettis et al. (56), omalizumab was effective in a patient with CSU,

ColdU, SD and CholU. Since experience of treatment with

omalizumab in patients with mixedCIndU is limited to single

clinical cases, further study is needed.

Our study has several strengths and limitations. As for the

former, for the first time, the question of the incidence of urticaria

in standalone and mixedCIndU groups was raised. and features of

urticaria in mixed and standalone CIndU as well as in subgroups

(sSD, sColdU, sCholU, mixedSD, mixedColdU, mixedCholU) were

assessed. As for limitations, this study does not evaluate the efficacy

of therapy. There was also no comparison of the level of thresholds

in different groups. Future studies could aim in determining the

dominant urticaria type in mixedCIndU cases, offering an

opportunity to compare patient profiles and understand how this

dominant type shapes the disease experience.
5 Conclusion

The results of the study showed that SD, CholU, ColdU are the

most common urticaria, both in standalone and mixed forms.

MixedCindU may be a risk factor for the development of

comorbid CSU and AE. There may also be a protective effect of
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two forms of urticaria on the development of AtD. Each of the

mixed and standalone CIndU groups differs in a number of features.

The high prevalence of simultaneous onset of CSU+CIndU and two

CIndUs may suggest a common pathogenesis, which requires

further investigation to determine the specific mechanisms that

trigger the other urticaria. This study shows for the first time that

each combinations of mixedCIndU represent a distinct phenotype

with its own features. These phenotypes require special attention of

specialists. Data accumulation is required to understand not only

the clinical picture and course of the disease, but also the response

to therapy.
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features of chronic spontaneous urticaria that predict disease prognosis and
refractoriness to standard treatment. Acta Derm Venereol. (2018) 98:641–7.
doi: 10.2340/00015555-2941
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