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Coagulation/fibrinolysis and inflammation markers are associated

with disease activity in patients with chronic urticaria

Chronic urticaria (CU) is characterized by spontaneously
appearing wheals and pruritus anywhere on the body
over 6 weeks or longer (1). As each wheal disappears
within a few hours or a day, physicians may not directly
observe wheals, which may seriously disrupt the daily life
of patients. The EAACI/GA2LEN/EDF guideline rec-
ommends to evaluate the disease activity of urticaria as
well as to classify subtypes of urticaria for its manage-
ment (2). For the assessment of disease activity of CU, the
guideline proposes a scoring system based on urticarial
symptoms such as wheals and pruritus (2). However, it
largely relies on subjective descriptions by patients, and
may not be so accurate and quantitative. Therefore,
reliable biomarkers for disease activity of CU should be
of great value for proper management of this disease.

Recently, Asero et al. have evaluated markers of blood
coagulation associated with CU (3–5). They showed that
plasma levels of prothorombin fragment 1 + 2 (PF1+2)

and d-dimer in patients with CU were higher than those
of normal controls and associated with disease severity
(3, 5). PF1+2 is generated from prothrombin together
with thrombin. Once thrombin is produced, it acts on
fibrinogen and generates fibrin, which is then stabilized by
factor XIIIa and is finally degraded by the plasmin
pathway, fibrinolysis. The degradation of stabilized fibrin
produces fibrin degradation products (FDP) and d-dimer.
The activation of such a coagulation cascade is initiated
by the tissue factor (TF)–VIIa–Xa complex. Asero et al.
showed the expression of TF by eosinophils in skin
biopsy specimens of patients with CU, but none in
normal controls (4, 6). They argued that the activation of
the TF pathway triggered the activation of the blood
clotting cascade, resulting in the production of thrombin
and d-dimer in CU (4). The elevation of d-dimer levels
reflects the formation and digestion of stable fibrin,
namely the activation of both coagulation and fibrinolysis
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(7). On the other hand, the amount of FDP reflects the
degradation of fibrinogen as well as that of stable fibrin,
and therefore may increase even without the formation of
stable fibrin (7). Thus, a profiling of FDP and d-dimer
may reveal whether the activation of fibrinolysis involved
in CU is �primary� without the formation of fibrin clot, or
�secondary� and a compensatory response to the increase
of fibrin clot.
In general, coagulation and inflammation are tightly

related to each other (8). For instance, inflammatory
cytokines, such as interleukin-6 (IL-6), induce the expres-
sion of TF (9), while TF–VIIa complex binds to protease-
activated receptor (PAR)-2 and up-regulates inflamma-
tory responses (10). Therefore, it is feasible that the levels
of C-reactive protein (CRP), a widely used marker of
inflammatory responses, might be associated with disease
activities of CU as well as markers of blood coagulation.
In this study, we measured levels of FDP, d-dimer
and CRP in patients with CU at various time points,
and studied their relation to each other and disease
activities.

Methods

Patients

Eighty-two subjects (males : females = 22:60; mean age = 39.5
years; range 4–80 years) with CU were studied retrospectively.
Chronic urticaria (CU) was diagnosed on the basis of the appear-
ance of spontaneous wheals anywhere on the body with or without
angioedema for more than 6 weeks (1). We also enrolled six patients
with acute urticaria (AU), 10 patients with idiopathic angioedema
without wheals (AE), and 21 patients with inducible types of
urticaria (IU) [i.e., four patients with mechanical urticaria, eight
patients with cholinergic urticaria, one patient with nonsteroidal
anti-inflammatory drugs (NSAIDs)-induced urticaria, two patients
with food-induced urticaria, four patients with food-dependent
exercise-induced anaphylaxis (FDEIA) and two patients with solar
urticaria]. They were diagnosed on the basis of clinical history and
appropriate investigations, such as physical tests, skin prick tests
and/or specific IgE determinations in their sera (1).
Patients were treated with histamine H1-receptor antagonists

(antihistamines) with or without histamine H2-receptor antagonists,
leukotriene antagonists, corticosteroids, and/or immunosuppressive
agents. Twenty-six out of 82 patients with CU were also treated
with tranexamic acid, seven patients with warfarin, one patient with
heparin and 12 patients with protease inhibitors. Three patients
with angioedema and two patients with IU were treated with both
antihistamines and tranexamic acid. Patients complicated with
diseases such as myocardial infarction, atrial fibrillation and
thrombosis treated with anticoagulants or antiplatelet agents were
not recruited to this study.
This study was approved by the ethics committee at Hiroshima

University Hospital. All subjects gave informed consent before
participation.

Assessment of disease activity of CU

The disease severity of CU was assessed according to the mean
number of wheals, which had appeared during a week before blood

sampling as previously described (11): 1–10 small (<3 cm in
diameter) wheals = grade 1 (slight); 10–50 small wheals or 1–10
large wheals = grade 2 (moderate); >50 small wheals or >10 large
wheals = grade 3 (severe). We considered that patients got better
or worse if their severity grade had decreased or increased by the
second visit.

Measurement of plasma FDP, D-dimer and serum CRP

Na citrate-anticoagulated plasmas were obtained from blood
collected by venipuncture of cubital vessels. The levels of plasma
FDP and d-dimer were measured with Latex Immunoassay kits
purchased from Sysmex co, Kobe, Japan. The level of serum CRP
was measured by a Latex Agglutination Assay kit purchased from
Eiken co, Tokyo, Japan. Normal ranges of FDP, d-dimer and CRP
levels were determined as <3.3 lg/ml, <1.0 lg/ml and <0.2 mg/dl
respectively, according to the 95% confidence intervals of healthy
Japanese controls provided by respective manufacturers (FDP:
0.21–3.25 lg/ml; n = 124, d-dimer: 0.051–0.967 lg/ml; n = 92,
CRP: 0.005–0.183 mg/dl; n = 478).

Autologous serum skin test

Autologous serum skin test was performed as previously described
with a slight modification (12), with 50 ll of autologous serum,
20 ll of 10 lg/ml histamine and 50 ll of 0.9% sterile saline. Fifty-
two out of 64 patients who received autologous serum skin test
(ASST) had not stopped antihistamines, as a result of the restriction
by the ethics committee. Therefore, we determined the skin reaction
as positive if the serum-induced flare diameter was ‡ 5mm than
saline control or larger than the flare induced by histamine at
30 min (13). Although wheal diameter has well been established as a
parameter to assess reactions in ASST (12), the margin of wheal
becomes obscure under an administration of antihistamines. On the
other hand, the margin of flare becomes clearer in spite of the
reduction of its size by antihistamines.

Statistics

The statistical analysis was performed by graphpad prism and
graphpad instat (GraphPad Software, Inc., San Diego, USA). The
statistical significance of difference among two groups was deter-
mined by the Mann–Whitney test or the Wilcoxon signed rank test.
Comparisons of three or more groups were analysed by the Krus-
kal–Wallis test, followed by Dunn�s multiple comparison post hoc
test. A P-value of <0.05 was considered significant.

Results

Plasma FDP, D-dimer and serum CRP in patients with CU

Median concentrations of plasmaFDP,d-dimer and serum
CRP in patients with CU were within their normal ranges
[median and interquartile range; 1.50 lg/ml (0.95–3.00 lg/
ml), 0.70 (0.40–1.65 lg/ml), 0.10 mg/dl (0.10–0.20 mg/dl)]
(Fig. 1). However, the levels of FDP in 17 of 81 (21%)
patients with CU exceeded the normal range, and 29 of 82
(35%) patients including all 17 patients with elevated FDP
levels showed the increase of plasma d-dimer. The CRP
levels also increased beyond upper limit of the normal
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range in 17 of 74 (23%) patients with CU, while those in 51
patients were below the detection limit, namely <0.2 mg/
dl. These three parameters in patients withCU significantly
correlated to each other (Fig. 2).

Based on the scale of disease severity, 47 of 82 patients
with CU were evaluated as severe, 15 as moderate and 20
as slight. Patients with severe urticaria displayed signif-
icantly higher levels of FDP, d-dimer and CRP than

Figure 1. Levels of plasma fibrin degradation products (FDP), d-dimer and serum C-reactive protein (CRP) in patients with chronic
urticaria (CU) and patients with acute urticaria (AU), idiopathic angioedema (AE) or inducible types of urticaria (IU). Median
concentrations of FDP, d-dimer and CRP in patients with CU were not significantly different from those in patients with AU, AE or
IU, except for FDP in patients with IU which were significantly lower than those in patients with CU. (Horizontal solid lines and
broken lines represent median values and upper limits of normal for parameters, respectively.).

Figure 2. Relationship among levels of plasma FDP, d-dimer and serum CRP in patients with CU. Regression analysis revealed that
these three parameters correlated with each other.
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patients with moderate and slight disease (Fig. 3).
Regarding responses to autologous sera, we could not
find significant differences between the autologous serum
skin test (ASST) positive group and the negative group in
terms of the levels of FDP, d-dimer and CRP (Fig. S1).
Some patients with AU, AE or IU also exhibited an

elevation of FDP, d-dimer and CRP as patients with CU
(Fig. 1). Levels of FDP in patients with IU were
significantly lower than those in patients with CU, but
otherwise, no difference was observed among patients
with subtypes of urticaria. Inducible types of urticaria
(IUs) of patients with high levels of FDP or d-dimer were
mechanical urticaria, cholinergic urticaria, solar urticaria,
and FDEIA.

Relationship of clinical disease activity to FDP, D-dimer and CRP

Levels of FDP, d-dimer and CRP of 37 patients with CU
were measured with the evaluation of their disease
severities before and after treatments in our hospital.
The median duration between two visits was 29.0 days
(interquartile range; 21.0–64.0 days).
We observed a significant reduction of FDP, d-dimer

and CRP levels when the disease severity improved
(Fig. 4A), while these parameters significantly increased
when the disease became worse (Fig. 4B). It is notewor-
thy that FDP levels increased and decreased in accor-
dance with the exacerbation and relief of symptoms even
within the normal range (Fig. 5).

Discussion

In this study, we have demonstrated that levels of FDP,
d-dimer and CRP were elevated in patients with severe
CU and that they might have been associated not only
with disease �severity� among patients, but also with
disease �activity� of CU in each patient.

The levels of plasma d-dimer in 29 (35%) out of 82
patients with CU were higher than the normal range,
indicating the production and degradation of stable
fibrin by the activation of coagulation and fibrinolysis in
CU. This result supports the suggestion by Asero et al.
that the activation of coagulation is involved in the
pathogenesis of CU (3–5). Although they reported that
plasma from only two of 21 (10%) patients with CU
showed the increase of d-dimer level (4), our study
revealed that 35% of patients with CU displayed
elevated levels of d-dimer. However, the former study
included only three patients with severe urticaria among
37 total patients. On the other hand, urticaria in 47 out
of 82 patients in this study was severe. Moreover, levels
of plasma d-dimer of patients with severe CU were
significantly higher than those of patients with moder-
ate/slight CU, in agreement with the finding by Asero
et al. that levels of d-dimer correlated to disease severity
of CU (5). Therefore, the difference of the levels of
d-dimer between the two studies may be as a result of
the difference of severity of urticaria in patients recruited
in each study.

Figure 3. Levels of plasma FDP, d-dimer and serum CRP in patients with severe CU and patients with moderate/slight CU. Patients
with severe CU displayed higher levels of FDP, d-dimer and CRP than patients with moderate/slight CU. (Horizontal solid lines and
broken lines represent median values and upper limits of normal for parameters respectively.).
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Serum CRP levels were higher than the normal range in
17 (23%) out of 74 patients with CU and significantly
correlated with levels of FDP and d-dimer. Three (50%)
of six patients with AU also showed an increased levels of

CRP. The production of many acute-phase proteins,
including CRP, was stimulated by interleukin-6 (IL-6),
and Kasperska-Zajac et al. (14) reported that patients
with CU showed higher levels of IL-6 than those in

Figure 4. Relationship between disease activity of CU and levels of plasma FDP, d-dimer and serum CRP. A and B represent levels of
FDP, d-dimer and CRP before and after a subsidence and an exacerbation of CU, respectively. Levels of FDP, d-dimer and CRP were
significantly reduced when the disease severity improved (A), while all parameters significantly increased when disease became worse
(B). (Horizontal broken lines represent upper limits of normal for parameters).
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healthy controls. Moreover, Fujii et al. (15) showed the
increase of both plasma IL-6 and serum CRP in patients
with severe AU, who were refractory to antihistamines
and required corticosteroids. Thus, certain populations
with severe idiopathic urticaria may show the increase of
CRP caused by IL-6. The correlation between CRP and
coagulation markers suggests an interrelation between
inflammation and coagulation in the pathogenesis of CU.
Cugno et al. reported that eosinophils expressed TF in
patients with CU, which could be induced by IL-6 and act
as an initiator of coagulation cascade (4, 6, 8).
The assessment of disease �severity� and �activity� of CU

are important processes in the management of CU.
Various symptom-scoring systems have been employed to
evaluate disease �activity� in the time course of CU and
several biomarkers have been suggested to reflect disease
�severity� of urticaria (16). Tedeschi et al. (17) reported
that serum IL-18 was associated with disease �severity� in
patients with ASST-positive CU. Asero et al. revealed
that PF1+2 and d-dimer correlated with disease �severity�
in patients with CU (5). They also found the association
between disease �activity� and PF1+2 and d-dimer in two
followed-up patients, suggesting that coagulation mark-
ers may be useful for monitoring disease �activity�. In this
study, we have demonstrated that levels of FDP, d-dimer
and CRP significantly correlated with disease �activity� in
patients with CU in the course of individual patients. The
increase of d-dimer was observed in 35% of patients with
CU, whereas that of FDP and CRP was found in only
21% and 23% of patients respectively. In all patients with
elevated FDP, levels of d-dimer were also higher than the
normal range, suggesting that d-dimer is superior to FDP
and CRP in terms of sensitivity. On the other hand, the

level of FDP correlated well with disease �activity� even
when it dropped within the normal range. Taken
together, d-dimer may be the most sensitive biomarker
to detect the abnormality of the coagulation in patients
with CU, and FDP may be the most useful biomarker to
evaluate disease �activity� among these biomarkers.

Our observation that the sensitivity of d-dimer to
detect urticarial conditions is better than that of FDP,
suggests that the increase of stable fibrin degradation (the
�secondary� fibrinolysis) is more characteristic to CU than
that of whole fibrinolysis. However, the better correlation
of FDP levels to disease activities than levels of d-dimer
suggests that the �primary� fibrinolysis rather than the
formation of stable fibrin is more closely associated with
the pathogenesis of CU. Asero et al. have suggested that
the formation of thrombin by blood coagulation may
induce dermal edema through an increase in vascular
permeability and generate C5a leading to mast cell
degranulation, which is critical in the pathomechanism
of urticaria (18). However, it has not been clear whether
the increase of coagulation and/or fibrinolysis are the
primary cause of wheal formation or the secondary events
by histamine release or other reactions of mast cells in
CU. The former possibility is supported by findings that
anticoagulants such as warfarin and heparin relieved
symptoms of some patients in CU (19, 20). On the other
hand, some patients with AU, AE or IU also exhibited an
elevation of plasma FDP, d-dimer and serum CRP as did
patients with CU. We could not find significant differ-
ences in levels of FDP and d-dimer among patients with
CU, with AU and with AE. Fujii et al. also reported the
elevation of plasma d-dimer in patients with severe AU
(21). These observations suggest that the activation of

Figure 5. Relationship between disease activity of CU and levels of plasma FDP, d-dimer within their normal ranges. A and B
represent levels of FDP, d-dimer before and after a subsidence and an exacerbation of CU respectively. FDP levels increased and
decreased in accordance with an exacerbation and a relief of symptoms even within the normal range, whereas d-dimer levels shifted
variously regardless of symptoms. (Horizontal broken lines represent upper limits of normal for parameters.).
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coagulation cascade is rather a common phenomenon in
urticaria than specific to CU, and therefore might be a
secondary event caused by the activation of mast cells.
However, levels of FDP and d-dimer were not correlated
with plasma histamine concentrations in patients with
CU (data not shown). Moreover, levels of FDP in
patients with CU were significantly higher than those in
patients with IU. Therefore, these parameters may be
more closely associated with a condition that predisposes
to spontaneous wheal formation than a transient condi-
tion or the sensitization to specific stimuli. We should
keep in mind that levels of FDP, d-dimer and CRP might
be directly affected by medications, such as tranexamic
acid, warfarin and corticosteroids, which were adminis-
tered to patients in this study. However, some patients
showed increase of FDP, d-dimer and/or CRP without a
change of such medications. Moreover, the administra-
tion of a drug to different patients resulted in either the
increase or the decrease of FDP and/or d-dimer levels.
Further studies without the use of these drugs may reveal
more clear relationships between urticarial disease activ-
ities and these parameters.
Regarding autoantibodies that activate mast cells in the

pathogenesis of CU, we could not find any relationship
between cutaneous responses to ASST and levels of FDP,
d-dimer and CRP. Results of ASST performed in this
study under the use of antihistamines might underesti-
mate skin reactions to autoantibodies, as only 18 out of
64 (28.1%) were determined as positive by this test.
Moreover, no significant relationship was found between
results of ASST and urticarial disease severities of the
patients (Fisher�s exact test; P = 0.78), not as previously
reported (22, 23). Indeed, the sensitivity and specificity of
our method for ASST determined by basophil histamine
release test in 17 patients with antihistamines were 67%
(ASST+ patients/HRT+ patients = 6/9) and 38%
(ASST) patients/HRT) patients = 3/8), whereas those
in 19 patients without antihistamines were 82% (ASST+
patients/HRT+ patients = 9/11) and 50% (ASST)
patients/HRT) patients = 4/8) respectively. However,
Asero et al. also reported that PF1+2 and d-dimer levels
were not associated with the histamine-releasing activity
of patients� sera (5). Taken together, the activation of the

coagulation cascade and histamine-releasing autoanti-
bodies might independently contribute to the pathogen-
esis of CU.

Finally, the measurement of FDP, d-dimer and CRP
levels may be useful for the assessment of disease activity
of CU. These biomarkers, in combination with symptom
scores, would enable evaluation of the effectiveness of
medicines and/or comparing results of various clinical or
epidemiological studies. Further studies, especially con-
cerning longer and detailed time courses of these param-
eters in relation to wheal formation, disease activities and
mast cell activation, may reveal their role in the patho-
genesis of urticaria.
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