Characterization of chronic urticaria and
associated conditions in a large
population of adolescents
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Background: Although chronic spontaneous urticaria (CSU) affects all age groups, data regarding CSU in
adolescents is scarce.

Objective: To characterize the epidemiology, demographics, and comorbidities associated with CSU in a
large, cross-sectional nationwide population of adolescents.

Methods: Medical records of 16-year-old candidate conscripts to the Israeli Defense Forces were reviewed.
Data were collected on the prevalence and severity of CSU, as well as the demographics, medical
comorbidities, medication use, and blood test results of affected individuals.

Results: Medical records of 1,108,833 consecutive 16-year-old adolescents were reviewed. A total of 6617
(0.6%) adolescents received CSU diagnoses. CSU was increased in female conscripts (odds ratio [OR] 1.13,
95% confidence interval [CI] 1.07-1.19, P < .001) and adolescents with higher socioeconomic scores (OR
1.92, 95% CI 1.56-2.32, P < .001). Individuals with CSU were significantly more likely to have allergic
diseases, including food allergy (OR 7.31, 95% CI 6.13-8.72), allergic rhinitis (OR 2.9, 95% CI 2.71-3.11),
atopic dermatitis (OR 2.35, 95% CI 2.03-2.72), and asthma (OR 1.46, CI 1.35-1.57).

Conclusion: Our work provides an account of CSU in a large cohort of adolescents. We found a strong link
between CSU and atopic diseases. Further investigation is needed to decipher the mechanism underlying
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this observed association. (J Am Acad Dermatol 2019;81:129-35.)
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hronic urticaria is defined as daily or almost
‘ daily hives that last at least 6 weeks that

might be accompanied by episodes of an-
gioedema.' In chronic spontaneous urticaria (CSU),
the hives are not evoked by physical or environ-
mental stimuli. Although CSU affects all age groups,
most studies on its epidemiology and comorbidities
focus on adults or mixed populations.”” Studies on
CSU in pediatric patients often group children and
adolescents, even though the latter might represent a
distinct population.” ' For example, the results of a
post hoc analysis of 39 adolescents included in trials
of omalizumab for CSU showed high prevalence of
allergic rhinitis and asthma (61.5% and 56.4%,

respectively), and the authors emphasized the need
for larger, controlled studies focusing on adolescents
with CSU. The current guidelines on CSU diagnostic
workup and treatment provides little reference to
children in general or to adolescents in particular.'**
We investigated the epidemiology, demographics,
and comorbidities of CSU in a large, nationwide
population of adolescents.

METHODS
Patient selection and data collection

At the age of 16 years, all Israeli citizens undergo
mandatory medical screening as part of military
conscription. This includes review of medical
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evaluation forms from the primary care physician,
history and physical examination by a military
physician, and specialty consultations and additional
testing as needed. Altogether, the detailed medical
records of ~70% of 16-year-old Israeli adolescents
were available for study; Muslim Arabs and Jewish
women are exempt from military service for religious
reasons, so these populations were not included in
this study.”

The medical records of 16-
year-old conscripts screened
for inclusion in the Israeli
Defense Force during 1996-
2015 were reviewed.
Demographic  information,
medical diagnoses, data on
CSU severity, and medication
history were collected, coded,
and stored in a computerized
database. The research proto-
col was reviewed and
approved by the Human
Trial Committee of the Israeli
Defense Force Medical Corps.

CSU diagnosis and severity

The diagnosis of CSU was made according to
accepted clinical criteria: the spontaneous appear-
ance of well-defined hives with or without angioe-
dema lasting 1-24 hours during most days of the
week for at least 6 weeks.' Patients with urticaria
induced by physical stimuli, environmental factors,
or nonsteroidal anti-inflammatory drugs and indi-
viduals with isolated angioedema were not included
in the study. Diagnosis of CSU was assigned by an
allergist or dermatologist who evaluated the
conscript as part of military intake. Assessment of
urticaria severity was based on the use of antihista-
mines and systemic corticosteroids combined with
specific questions on the duration, severity, and
frequency of symptoms and impact on quality of
life. Quality of life was determined by a local version
of the Dermatology Life Quality Index questionnaire
that shares the same principles (eg, embarrassment
and effect on study, social life, and leisure). Severe
CSU was defined as resistance to high-dose antihis-
tamines, recurrent courses of systemic corticoste-
roids, and a significant effect on quality of life.

Epidemiology and socioeconomic state

Data regarding place of birth, education, and
socioeconomic status were available.
Socioeconomic status was stratified into low, inter-
mediate, or high classes according to prespecified
criteria on place of residence.”

CAPSULE SUMMARY

» Chronic spontaneous urticaria is usually
regarded as an idiopathic entity,
occasionally associated with
autoimmune phenomena. The current
work, however, shows that in
adolescents it is related to atopy.

« Recognition of the association between
atopy and chronic spontaneous urticaria
might provide pathogenic insights and
improve patient management.
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Comorbidities

All medical files were evaluated for the presence of
other medical conditions, with a specific emphasis on
the following diagnoses: atopic dermatitis, asthma,
allergic rhinitis, chronic sinusitis, food allergy, celiac
disease, peptic disease, irritable bowel syndrome,
inflammatory bowel disease, thyroid disorders, dia-
betes mellitus, systemic lupus erythematosus,
Raynaud phenomenon, rheumatoid arthritis, and
psychiatric  disorders.  All
medical conditions were
diagnosed by specialist phy-
sicians in the corresponding
disciplines. Food allergy was
diagnosed by allergy special-
ists on the basis of the
accepted guidelines, which
includes clinical history, skin
tests or radioallergosorbent
test analysis, and food chal-
lenges, when indicated.”’

Blood tests and
medication use

When available, blood
test results were collected, with a specific focus on
complete blood count, thyroid function tests, auto-
antibodies, and inflammatory markers. Post diag-
nosis data regarding prescription of antihistamines
and corticosteroids were collected when available.
Of note, some antihistamines are sold over-the-
counter in Israel.

Statistical analysis

The association between CSU and other diseases
was evaluated using both univariate and multivariate
logistic regression analyses. Odds ratio (OR) and
95% confidence intervals (95% CIs) were calculated.
For the multivariate analysis, all the independent
variables were entered into the model in the first
block by using the forward likelihood ratio method.
Criterion for inclusion into the model was a score
statistic of P =< .05, while the exclusion criterion was
a Wald statistic of P = .05. CSU was entered in the
second block, and a P value of <.05 was considered
as statistically significant. Statistical analyses were
performed by using SPSS version 23.0.

RESULTS
Prevalence and epidemiologic data

The medical records of 1,108,833 consecutive 16-
year-old potential conscripts to the Israeli Defense
Force were reviewed. Of them, 6617 individuals
(0.6%) had CSU. Within this group, 1958 (29.6%) had
severe CSU. The yearly prevalence of CSU ranged
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Abbreviations used:

CI: confidence interval
CSU: chronic spontaneous urticaria
OR:  odds ratio

0.4%-0.8% during the 20-year study period, with no
evidence of an overall trend. Epidemiologic and
demographic data are summarized in Table I.

Multivariate analysis demonstrated a relationship
between CSU and female sex (OR 1.13, 95% CI 1.07-
1.19, P < .00D), high socioeconomic score (OR 1.92,
95% CI 1.56-2.32, P < .001), and level of education
(OR 1.21, 95% CI 1.00-1.51, P = .07 for 12 years of
education).

Medical prescriptions were reviewed as part of the
CSU severity score. The mean number of prescrip-
tions per year for antihistamines (CSU 1 = 2.1 vs
control 0.28 = 0.9) and oral corticosteroids (CSU
0.14 = 0 vs control 0.03 * 0.3) was significantly
higher in the CSU group than the control group
(P < .001, for both comparisons). Also, the mean
number of prescriptions per year for antihistamines
(CSU 1.43 = 2.6 vs control 0.78 * 1.43) and oral
corticosteroids (CSU 0.25 * 0.9 vs control 0.09 * 0.4)
was significantly higher in persons with severe CSU
than mild CSU (P < .001 for both).

Comorbidity

Allergic diseases and biomarkers for
atopy. Patients with CSU had significantly more
food allergy (3% vs 0.3%, P <.001), atopic dermatitis
(3.9% vs 1%, P < .001), allergic rhinitis (24.1% vs 8%,
P < .001), and asthma (18.5% vs 9%, P < .001) than
the control population (Table II, Fig 1). Although not
an allergic disease, chronic sinusitis is considered a
common  complication of allergic rhinitis.
Accordingly, we found this condition to be signifi-
cantly more prevalent in patients with CSU (CSU
0.4% vs control 0.2%, P < .001).

Eosinophil count was available for 337,547
(30.4%) people in the control group and 2403
(36.3%) people in the study group. Eosinophilia
(eosinophil count >500 cells/uL), was more com-
mon in CSU patients (5.2%) than controls (4.4%,
P =.05). Total IgE count was available for a minority
of patients. High total IgE (>100 IU) was more
common in CSU patients, albeit not reaching statis-
tical significance (Table IID).

Multivariate analysis (Table IV) further demon-
strated a robust linkage between CSU and allergic
diseases, including food allergy (OR 7.31, 95% CI
6.13-8.72, P < .001), allergic rhinitis (OR 2.9, 95% CI
2.71-3.11, P <.001), chronic sinusitis (OR 2.8, 95% CI
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1.87-4.2, P < .001), atopic dermatitis (OR 2.35, 95%
CI 2.03-2.72, P < .001), and asthma (OR 1.46, 95% CI
1.35-1.57, P <.00D).

Autoimmune diseases and inflammatory
markers. Single and multivalent analysis showed
that CSU patients had a high prevalence of both
thyroid disease (CSU 1.3% vs control 0.8%, P <.001)
and Raynaud phenomenon (CSU 0.2% vs control
0.1%, P =.003; Table II). Other autoimmune diseases
were comparable in both groups (Table II). No
significant differences between the 2 groups were
noted for C-reactive protein level, erythrocyte sedi-
mentation rate, thyroid-stimulating hormone level,
and antinuclear antibody (Table IID).

Gastrointestinal diseases and
markers. Irritable bowel syndrome was found to
be more prevalent in the study group than in the
control group in both the univariate (CSU 1.3% vs
control 0.6%, P < .001) and multivariate models (OR
1.51, 95% CI 1.18-1.95, P < .001). Peptic disease,
celiac disease, and positive testing for antitissue
transglutaminase were more prevalent in the study
group than the control group (Tables II-IV).

Psychiatric comorbidity. Psychiatric comor-
bidities, including depression and psychosis but
not anxiety disorders, were found to be less preva-
lent in the study group (Table 1D). The multivariate
analysis further confirmed these findings (depres-
sion OR 0.38, 95% CI 0.21-0.68, P < .001; psychosis
OR 0.06, 95% CI 0.02-0.15, P < .001; Table V).

DISCUSSION

Our study reveals a strong linkage between CSU
and atopic diseases, including food allergy, asthma,
allergic rhinitis, chronic sinusitis, and atopic derma-
titis. These associations were even more prominent
in patients with severe CSU. Limited data has been
published on associations between CSU and atopy;
most research has focused on adult patients in the
Far East.”””’ The few small studies focusing on
pediatric patients have found atopic diseases in
13.5%-35% of children with chronic urti-
caria.'”'#1921% Goldstein et al published the only
direct reference to teenagers, describing a high rate
of co-existing asthma and allergic rhinitis in 39
adolescents with severe CSU.'*

The current literature regards atopic diseases as T-
cell helper 2 (Ty2) mediated and CSU as a Tyl
disease associated with autoimmunity.
Approximately 40%-50% of children and adults
with CSU have pathogenic mast cell— and
basophil-activating  autoantibodies.”’  However,
autoimmune comorbidities are less well-recognized
in children with CSU than in adults.'”*"***” Our data
for adolescents points toward selected associations,
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Table 1. Epidemiology and demographic data
Control, Chronic urticaria, Univariate Multivariate
Characteristic N = 1,102,216, n (%) N = 6617, n (%) P value OR (95% CI) P value
Female sex 441,401 (40) 2882 (43.6%) <.001 1.13 (1.07-1.19) <.001
Socioeconomic score
Low 46,907 (4.3) 107 <.001 NA NA
Medium 561,818 (51.2) 2553 (46.6) NA NA
High 489,191 (44.6) 2820 (51.5) 1.92 (1.56-2.32) <.001
=12 years of education 1,056,148 (95.8) 6413 (96.9) <.001 1.21 (1.00-1.51) .07
Place of birth
Israel 893,879 (81.8) 5231 (79.6) <.001 NA NA
Eastern Europe 154,522 (14.1) 1095 (16.7) 1.006 (0.99-1.02) 4
Ethiopia 39,064 (3.6) 218 (3.3) NA NA
Cl, Confidence interval; NA, not analyzed; OR, odds ratio.
Table II. Comorbidities and chronic urticaria univariate analysis
Control, Chronic urticaria, Severe chronic urticaria,
Comorbidity N = 1,102,216, n (%) N = 6617, n (%) P value N = 1958, n (%) P value*
Asthma 99,249 (9) 1222 (18.5) <.001 449 (22.9) <.001
Allergic rhinitis 88,669 (8) 1594 (24.1) <.001 540 (27.6) <.001
Food allergy 2758 (0.3) 198 (3) <.001 137 (7) <.001
Atopic dermatitis 10,557 (1) (3.9 <.001 104 (5.3) <.001
Chronic sinusitis 1795 (0.2) (0.4) <.001 14 (0.7) <.001
Thyroid disease 8929 (0.8) (1.3) <.001 33 (1.7) <.001
Raynaud phenomenon 1156 (0.1) (0.2) .003 9 (0.5) <.001
Rheumatoid arthritis 4273 (0.4) (0.5) .19 16 (0.8) .005
Lupus erythematosus 712 (0.1) (0.1 1 4 (0.2) .04
Irritable bowel syndrome 6976 (0.6) (1.3) <.001 32 (1.6) <.001
Inflammatory bowel disease 3251 (0.3) (0.1) .009 2 (0.1) .
Celiac 2598 (0.2) (0.3) 7 7 (0.4) 2
Psychosis 21,175 (1.9) (0.4) <.001 9 (0.5) <.001
Depression 6901 (0.6) (0.4) .02 6 (0.3) .08
Anxiety 17,514 (1.6) (1.4) .35 28 (1.4) .35

*P for comparison between severe chronic urticaria and control group.

in particular thyroid disease. Although a statistical
association was found between CSU and clinical
thyroid dysfunction, its magnitude was lower than
that previously described in adults.”

Atopic diseases are more prevalent in highly
educated individuals of higher socioeconomic sta-
tus.”” Thus, it is not surprising that we, as well as
others, found that individuals from upper socioeco-
nomic classes and persons with higher education
levels were more prevalent in the CSU cohort than
the control cohort.””*"

The underlying mechanisms that connect atopy
and urticaria are likely to consist of factors such as
mast cell activation that are common to both entities.
Nonetheless, it is unknown whether the present
findings suggest an underlying Ty2-mediated path-
ogenesis or whether the physiologic and hormonal

changes inherent to this age group mediate this
effect.

In addition to physical comorbidities, emotional
conditions have been suggested to affect the occur-
rence or exacerbation of CSU.'”' Herguner et al
found that anxiety and depression were more
frequent in 27 children with CSU than matched
controls.”® Staubach et al recommend screening
patients with CSU for mental disorders as a routine
clinical practice.”’ Surprisingly, our data on adoles-
cents does not lend support to this concept. We
found no association between teenagers with CSU
and emotional conditions including anxiety, depres-
sion, and psychosis. Interestingly, schizophrenia and
depression were found to occur significantly less in
patients with CSU. Because this age group is more
susceptible to emotional lability and morbidity, the
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Fig 1. The prevalence of atopic diseases in the chronic urticaria, severe chronic urticaria, and
control populations. All comparisons displayed are significant (2 <.001). CU, Chronic urticaria.

Table III. Blood tests

Blood test result Control, n/total (%) Study, n/total (%) P value
Eosinophil count >600 cells/uL 14,976/337,547 (4.4) 124/2403 (5.2) .05
IgE >100 IU 2085/3809 (54.7) 50/80 (62.5) A
Erythrocyte sedimentation rate >20 mm/h 17,470/96,922 (18) 116/749 (15.5) .08
C-reactive protein >0.5 mg/L 20,649/101,913 (20.3) 144/803 (17.9) A
Mean platelet volume >13 fL 50,039/346,708 (14.4) 358/2460 (14.6) 4
Anitnuclear antibody positive 739/21,939 (3.4) 12/283 (4.2) 2
Hemoglobin <12 mg/dL 41,663/350,908 (11.9) 261/2495 (10.5) .01

lack of a correlation between psychosocial condi-
tions and CSU is even more striking. A possible link
between the low incidence of emotional illness and
CSU found in our study might be explained by the
relatively high socioeconomic status of the adoles-
cents with CSU. This finding is in accordance with
the recent evidence that social inequalities
contribute to the pathogenesis of depressive disor-
ders.” These findings seem to represent another
unique feature of CSU in adolescents, which might
distinguish them from other age groups.

The data presented herein also sheds light on the
epidemiology and demography of CSU in adoles-
cents. The few reports that pertain to the epidemi-
ology of this disease entity in children estimate its
prevalence as 0.1%-0.7% of the population, similar to
the estimated prevalence in adults
(0.6%). 1421299435 Accordingly, the prevalence of
CSU in our cohort was found to be 0.6%, with yearly
prevalences of 0.4%-0.8%.

One strength of this study was the analysis of a
large national registry; its size and nature render the
data unbiased by patient origin, socioeconomic
status, and place of residence or insurance status.
Furthermore, medical records are based on special-
ists in relevant medical fields who diagnosed all
comorbidities, including CSU, using well-defined
diagnostic criteria. However, one should note that
significant associations found in studies with
extremely large numbers of patients must be inter-
preted carefully to determine their clinical relevance.

Because of its cross-sectional nature, this study
does not provide information regarding the evolu-
tion of CSU over time or the emergence of new
comorbidities. Moreover, despite the large sample
size, the study excludes populations that are not
obligated to serve in the military. This might
compromise the diversity of the cohort, thereby
restricting the applicability of its conclusions with
respect to these populations.
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Table IV. Comorbidities and chronic urticaria multivariate analysis
Comorbidity Chronic urticaria, OR (95% CI) P value Severe chronic urticaria, OR (95% CI) P value
Food allergy 7. 31 (6.13-8.72) <.001 16.16 (12.9-20.25) <.001
Allergic rhinitis 9 (2.71-3.11) <.001 3.07 (2.71-3.47) <.001
Chronic sinusitis 8 (1.87-4.2) <.001 4.05 (2.22-7.38) <.001
Atopic dermatitis 2. 35 (2.03-2.72) <.001 2.61 (2.04-3.34) <.001
Asthma 1 46 (1.35-1.57) <.001 1.66 (1.45-1.88) <.001
Thyroid disease 4 (1.09-1.79) <.001 1.87 (1.27-2.75) .002
Raynaud phenomenon 2. 06 (1.19-3.57) .01 4.82 (2.4-9.35) <.001
Rheumatoid arthritis NA* NA* 2 (1.1-3.55) .01
Lupus erythematosus NA* NA* 3 (0.59-9.6) 2
Irritable bowel syndrome 1.51 (1.18-1.95) <.001 8 (1.2-2.7) .004
Inflammatory bowel disease 0.34 (0.14-0.82) .01 NA* NA*
Depression 0.38 (0.21-0.68) <.001 NA* NA*
Psychosis 0.06 (0.02-0.15) <.001 0.18 (0.05-0.74) .02

Cl, Confidence interval; NA, not analyzed; OR, odds ratio.

*Depression and inflammatory bowel disease were found to be nonsignificantly associated with severe chronic urticaria; hence, they were
not inserted in the multivariate model. Rheumatoid arthritis and lupus erythematosus were found to be nonsignificantly associated with
chronic urticaria; hence, they were not inserted in the multivariate model.

Another caveat that is inherent to our study
includes the criteria for evaluation of disease
severity. Whereas the Urticaria Activity Score
summed over 7 days is commonly used in clinical
trials, severity was assessed in this work by a
different method; military allergy specialists instead
focused on consumption of medications and on a
medical interview. We strongly believe that this
approach could also distinguish between mild and
severe disease activities. Although antihistamines
can be obtained as over-the-counter drugs in Israel,
we expect that most antihistamines were purchased
with prescriptions because these can be purchased at
a reduced price and pharmacies are not allowed to
sell high-dose antihistamines without a specialist-
provided justification. Last, the biomarker informa-
tion available in the database for our retrospective
study were limited.

In conclusion, this study provides a comprehen-
sive account of the epidemiology, demographics,
and comorbidities associated with CSU in a nation-
wide cohort of adolescents. The present data estab-
lish a strong link between CSU in adolescents and
atopic diseases with a less dominant role for Tyl-
related diseases. Considering these new findings, we
propose that atopy is associated with CSU in this age
group. Further investigation into the association of
atopy with chronic urticaria in this age group might
provide pathogenic insights and improve manage-
ment of these conditions.

The authors thank Maya Stein for her assistance in
editing this paper.
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