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Multiple comorbidities in patients
with long-lasting chronic spontaneous
urticaria”

uuuuuu

Dear Editor,

Chronic Spontaneous Urticaria (CSU) is a mast cell-driven
skin disease, and mast cell degranulation is triggered by the
activation of several receptors on its surface. IgE-FceRl com-
plex appears to be involved in the autoimmune etiology of
CSU, through the presence of 1gG anti-FceRI, anti-IgE or IgE
against autoallergens, but many other receptors can induce
mast cell degranulation, as such as Mas-Related G-Protein-
Coupled Receptor X2 (MRGPRX2)."-3

Several types of comorbidities are associated with CSU
and often lead it to a worse prognosis. One of the most com-
mon comorbidities is an autoimmune disease. CSU, itself
considered an autoimmune disease, is mainly associated
with autoimmune thyroid disease, and the high prevalence
of these autoimmune diseases in patients with CSU sup-
ports that hypothesis. Other comorbidities often associated
with CSU are psychological disorders; infectious diseases,
including viruses, bacteria, and parasites; as well as with
metabolic syndrome (MetS).>””

In this retrospective and observational study, we eval-
uated the association between long-lasting CSU and the
occurrence of multimorbidities in patients followed up (one
year or more) in a tertiary Center - UCARE, between January
2019 and December 2020.

Patients were classified according to the duration of the
CSU: 1 to 2 years; 3 to 5 years; 6 to 10 years; and 11 or
more years. Groups were evaluated for demographic data,
angioedema, and refractoriness to antihistamines. Comor-
bidities assessed were gastrointestinal disorders, obesity,
systemic arterial hypertension, diabetes mellitus, dyslipi-
demia, autoimmune thyroid diseases, respiratory diseases,
and psychological disorders.

MetS comprehends a constellation of cardiovascular
disease risk factors, which includes glucose intolerance, dys-
lipidemia, hypertension, and central abdominal obesity.? At
least three of those four components have to being fulfilled
for MetS diagnosis in CSU patients.

We included 173 patients with CSU, 86.1% were women
with a mean age of 49.8 years. Angioedema was reported
by 112 (64.7%) patients, nonsteroidal anti-Inflammatory
drugs exacerbated CSU was observed in 71 (41.0%), and
45 (26.0%) patients were refractory to antihistamines (four
times daily). When patients with CSU were classified accord-
ing to the duration of the disease, 28 (16.2%) had 1 or 2
years ; 51 (29.5%), 3 to 5 years ; 37 (21.4%) between 6 and
10 years, and 57 (32.7%) had 11 years or more of disease.
General characteristics can be observed in Table 1.

There was no statistical difference in relation to the cur-
rent age of the patients in those different groups (according
to the duration of the CSU), although, the age at onset
of CSU was lower for patients with long-lasting CSU, and
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these patients had more often multimorbidities, including
the components of MetS (p < 0.05).

Eight comorbidities were assessed in this study, the fre-
quency of them in the same patient ranged from 0 to 6
comorbidities (Fig. 1). The most frequent comorbidities
were respiratory disorder (rhinitis and/or asthma) in 82
(47.4%), followed by high blood pressure, in 54 (31.2%), and
dyslipidemia, in 38 (22%) patients. There was a correlation
between the duration of CSU and the frequency of comor-
bidities, r? = 0.043, p = 0.007 (Fig. 2).

Patients with CSU refractory to antihistamine had a
higher frequency of angioedema, gastrointestinal disorders,
and obesity, compared to those patients responsive to anti-
histamine (77.8% versus 60.2%, p = 0.045; 28.9% versus
13.3%, p =0.017; and 26.7% versus 16.4%, p = 0.039, respec-
tively).

In the present study, 16 (9.2%) patients had CSU-
associated autoimmune diseases, a frequency higher than
that observed in the general population (around 5%).° Of
the 16 patients, autoimmune thyroid disease represented
87.5% of them. However, we did not find an increase in
its frequency as CSU lasted longer or with disease sever-
ity. One explanation would be that the mean age in the
studied groups, according to the duration of CSU, was sim-
ilar (mean of 49.8 years), reinforcing that the frequency of
autoimmune diseases increases with age.*

Multimorbidity is associated with a poor quality of life;
patients are at higher risk of severe clinical outcomes.
CSU is nowadays considered a low-grade inflammatory sys-
temic disease. The proposed pathomechanism would be the
constant or continuous activation of mast cells observed in
patients with uncontrolled CSU. In addition to the autoim-
mune mechanism described for mast cell activation in
patients with CSU, several other factors maintain or worsen
the mast cell activation.”'? In the present study, three com-
ponents or more of MetS were observed more frequently in
patients with six years or more of CSU, compared with those
patients with one to five years of disease (15.9% versus 1.3%,
p < 0.001). The most common component of MetS was high
blood pressure (31.2% of 173 patients), and around 10% of
173 patients had at least three of them.

In conclusion, this study showed that patients with early-
onset and long-lasting CSU had more often comorbidities
including three or more components of MetS. The present
study has shown that almost half of the participants had at
least one component of MetS. Three or more components
of MetS had a statistically significant higher frequency in
patients with CSU lasting six or more years. Long-lasting
CSU, and probably, uncontrolled disease, could evolve with
multimorbidities, suggesting that early complete control of
CSU would be essential to prevent this outcome. These
results need further prospective research to highlight the
importance of CSU as a low-grade inflammatory disease. The
present results suggest an association between long-lasting
CSU and MetS, but case-control trial studies should be essen-
tial to confirm the our conclusions, further including a larger
number of participants.

Financial support

None declared.


https://doi.org/
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2022.03.004&domain=pdf
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
https://orcid.org/0000-0001-8322-3856
https://orcid.org/0000-0001-6686-3966
https://orcid.org/0000-0002-4893-3593
https://orcid.org/0000-0001-6554-7005
mailto:mariana@hafner.med.br
https://doi.org/10.1016/j.abd.2021.10.014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2022.03.004&domain=pdf
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
https://orcid.org/0000-0002-0718-7467
https://orcid.org/0000-0002-3797-8198
mailto:shinji.mitsuyama@med.toho-u.ac.jp
https://doi.org/10.1016/j.abd.2022.01.011
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2022.03.004&domain=pdf
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00234-3/sbref0055
https://orcid.org/0000-0001-7299-1710
https://orcid.org/0000-0003-3795-5516
https://orcid.org/0000-0002-2596-9294
https://orcid.org/0000-0002-7975-2429
mailto:cazferreira94@gmail.com
https://doi.org/10.1016/j.abd.2022.02.004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2022.03.004&domain=pdf

LETTER - RESEARCH

Table 1 Demographic and clinical data of patients with CSU according to the duration of disease.

General characteristics Duration of CSU 2
1 and 2 years 3 and 5 years 6 and 10 years 11 or more years

Gender: female 75.0 86.3 89.2 89.5 NS
Current age (year; mean, SD) 47.9 46.9 50.3 52.8 NS
Age at onset of CSU (y; mean, SD) 46.2 43.1 42.5 33.2 <0.001
Duration of CSU 1.8 4.1 7.8 19.5 NA
ClndU (%) 32.1 33.3 43.2 31.6 NS
Angioedema (%) 46.4 70.6 62.6 70.2 NS
NSAID exacerbated CSU (%) 10.7 43.1 43.2 52.6 0.002
Refractoriness to antistamines (%) 14.3 23.5 24.3 35.1 NS

CSU, Chronic Spontaneous Urticaria; SD, Standard Deviation; NA, not applicable; CIndU, Chronic Inducible Urticaria; NSAID, Nonsteroidal

Anti-Inflammatory Drugs, NS, Non-significant

The Kruskal-Wallis test for current age and age at onset of CSU.
x% analysis for gender, CIndU, angioedema, NSAID exacerbated CU, and refractoriness to antihistamine.
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Figure 1 Comorbidities: (A) Co-prevalence of comorbidities (0 to 6) in the same patient; (B) Frequency of each comorbid-
ity in patients with CSU. RD, Respiratory Disorders; HBP, High Blood Pressure; DLP, Dyslipidemia; PD, Psychiatric Disorders; GID,
Gastrointestinal Disorders; DM, Diabetes Mellitus; AID, Autoimmune Diseases.
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Parrot beak nails: a Latin American
case series”™

nnnnnnn

Dear Editor,

Parrot Beak Nail (PBN) deformity consists of a forward over
the curvature of the distal nail plate, which gives the nail
the appearance of this birds beak. Here in, we present three
cases of PBN dystrophy, we describe a new association, and
include a brief literature review.

A 75-year-old man with a medical history of leprosy diag-
nosed 20 years ago, who received complete treatment,
came to the dermatologic clinic due to stasis dermatitis.
On physical examination, as a coincidental finding, several
and significant sequelae were found. He presented PBN with
involvement of all his fingernails, chromonychia and ony-
cholysis on diverse nails, contracture of the fingers sparing
the thumb, and atrophy of the thenar and hypothenar mus-
cles. He denied any symptoms, or history of trauma, and had
not noticed this deformity (Fig. 1).

The second case was a 54-year-old woman with a diag-
nosis of rosacea, who consulted due to a recent flare. As a
coincidental finding, PBN deformity of the fifth left finger-
nail was recognized. She had a history of left-hand trauma
with a knife when she was eight years old (Fig. 2).

The third patient was an 80-year-old man with a per-
sonal history of hypertension, diabetes, and cerebrovascular
disease, hospitalized due to gait disturbance. During his
evaluation, his thumb and second right finger were partially
amputated, and the third fingernail had a PBN deformity.
He stated these changes were caused by the explosion of
homemade fireworks at the age of thirteen (Fig. 3).

Kandil was the first one that described this deformity
back in 1971, naming it due to its resemblance to a par-
rot beak. He reported an idiopathic over the curvature of
two fingernails in a 38-year-old woman." Chen and Cohen
reported a prevalence of 2.1% of 436 patients who consulted
a dermatology clinic. Marie et al. observed this condition in
2.5% of 80 healthy individuals. Other case series have shown
that 31% of patients with systemic sclerosis can present this
nail dystrophy.?* This deformity has been found in 11 to
89-year-old patients, without sex predominance. We found
nine articles reporting this clinical finding, with a total of 78
patients (Table 1).

* Study conducted at the Clinica Universitaria Bolivariana - Uni-
versidad Pontificia Bolivariana and at the Hospital Alma Mater de
Antioquia, Medellin, Colombia.

Its etiology remains unknown. PBN has been associ-
ated with several conditions, including collagen vascular
diseases, such as systemic lupus erythematosus and sys-
temic sclerosis, where it may be the first finding and
has been related to disease activity. Additional associa-
tions include cocaine abuse, and trauma, among other
disorders.*> The most accepted theory proposes that it is
the result of an abnormal phospholipid distribution, which
causes hydrophobic interactions between different zones
of the nail plate." Authors who support this theory claim
the over curvature seen in PBN can be temporarily cor-
rected after submerging the affected nail in water for
some minutes, since it would overcome those hydropho-
bic interactions.? An injury could be the main cause, as in
the present study’s second and third cases. It would gener-
ate a chronic imbalance of growth and alter the content of
hydrophobic phospholipids, leading to a pronounced longi-
tudinal curvature.

Other theories include chronic vasoconstrictive ischemia
as a key factor, based on a case series of eight women with
chronic cocaine abuse who developed this deformity.® Fur-
themore, PBN is common in patients with systemic sclerosis,
when associated with vascular impairment.”-® It could also
be secondary to bone or soft tissue disorders, which may be
congenital.

Repeated trauma is in certain cases the main cause. PBN
dystrophy is found in patients with peripheral neuropathy
who are prone to unnoticed nail bed traumatisms. Digital
amputation and tight surgical closure in fingertip surgery are
causes of pulp atrophy and extensive scarring, which could
lead to a hooked-nail deformity that resembles PBN. Some
surgical techniques have been described for its prevention:
nail relocation, and hypodermic needles for tension-free
closure, among others.’

When it is associated with chronic cocaine abuse,
a triad of PBN, perniosis, and finger pulp atrophy has
been reported.® Other comorbidities mentioned in the lit-
erature, whether they are coincidental or unassociated
findings, include bony dystrophy, coronary artery disease,
lymphoplasmacytic sclerosing pancreatitis, multiple system
atrophy, digit deformity (hammer toe, overlying the fifth
toe), and soft tissue hypoplasia.

Neuropathy-associated cases were previously reported
by Forouzan et al., who described a patient unaware of
his toenail elongation, due to an androgen deprivation
therapy-induced peripheral neuropathy.? Other neuropathy-
associated cases described by Chen et al. include diabetes
and spinal stenosis-induced neuropathy. The present study’s
first patient had leprosy neuropathy; an association not
described to the date in the revisited literature.
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