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Blood Rheological Properties in Patients with Atopic

Dermatitis (AD)
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Abstract—Inflammatory processes and psychological states may mutually enhance each other as
well as contribute to haemorheological alterations. The objective of the recent study was to deter-
mine blood rheological profile in patients with AD at different clinical stages. Blood rheology, as
estimated by blood viscosity as well as deformability (elongation index—EI) and aggregation of
erythrocytes (aggregation half time (AT1/2)—expressing the kinetic aspects and syllectogram am-
plitude (AMP)—representing total aggregation extent) were measured in 25 female AD patients,
who showed clinical features of mild to severe AD and in 14 healthy subjects. There were no
significant differences in blood rheological properties between patients with mild AD and the co-
ntrols. A significant decrease in erythrocytes AT1/2 and AMP as well as EI were observed in severe
AD patients as compared to other groups. Whole blood and plasma viscosity were similar in all
groups. Both erythrocytes deformability and aggregation may be affected by pathophysiological
processes associated with AD. Only AD patients with severe skin changes showed increased agg-
regability and decreased deformability of erythrocytes, suggesting that the phenomenon might be
related to the disease activity.

KEY WORDS: atopic dermatitis (AD); blood rheology.

INTRODUCTION

Atopic eczema/dermatitis syndrome (AD) is a
chronic inflammatory skin disease which develops as a
result of complex interrelationships of environmental,
immunologic, and genetic factors [1]. Also psychosocial
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factors, including stress and anxiety, play an important
role in the course of chronic inflammatory skin diseases,
including AD [2—4]. A link between psychological stress
and aggravation or maintenance of the disease symptoms
has been suggested [2]. Interestingly, blood rheology has
been reported to be altered in various physiopathological
conditions, including chronic inflammatory processes [5,
6] as well as psychological states, such as anxiety,
depression, and stress [7, 8]. However, scarce informa-
tion has been delivered regarding blood flow in patients
with AD [9, 10].

Investigation of blood rheological properties may
appear essential for comprehensive understanding of the
circulatory system function, including the microcircula-
tion flow and tissue oxygenation in AD patients. In order
to characterize the rheological profile of AD patients
with various degrees of clinical disease activity, the
present study comprised determination of whole blood,
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plasma viscosity, red blood cells (RBCs) aggregability
and deformability.

MATERIALS AND METHODS

Subjects

Twenty-five female AD patients (the median age
was 21; range: 18-25 years) were enrolled for the study.
The diagnosis had been established upon Hanifin and
Rajka criteria [11]. The patients were divided into two
groups according to their disease severity as determined
by Rajka and Lageland’s score [12]. The scoring system
comprises an assessment of extent, course, and intensity,
each on a scale of 0 to 3, giving a maximum score of 9
(score summation: 3—4=mild, 4.5-7.5=moderate, 8-9=
severe). Our patients were subdivided into two groups:
mild (score 3—4, n=13) and severe AD (score 9, n=12).
They did not suffer from any concomitant inhalatory
allergy.

Only small amounts of topically applied emollients
and/or steroids were used to control the symptoms.

The control group included 14 healthy women (the
median age was 22 years, range 19-24).

Individuals were not accepted into the study if they
suffered from concomitant disorders, which would affect
blood rheology; those included obesity, hypertension and
diabetes. None of the patients or normal volunteers were
smokers. BMI (below 25 kg/m?), total cholesterol,
triglycerides and other lipids levels were similar in all groups.

All the subjects submitted respective written con-
sent and the study was approved by the University
Committee of Ethics.

Blood Collection

Blood samples were obtained in the morning
(7.00 AM. to 8.00 AM; in the fasting state) after at
slight or no stasis from the antecubital vain and
anticoagulated with K3EDTA for rheological tests. The
samples were taken during the early to mid-follicular
phase of the menstrual cycle.

Methods

Whole blood viscosity (BV) measurements were
performed with the use of cone-plate Brookfield’s
viscometer at shear rate 150 s and also corrected to
a standard hematocrit 0.45 1/1 according to the
Guidelines for measurement of blood viscosity [13].

Plasma viscosity (PV) was measured using capillary
Ubbelohd’s viscometer. The measurements were taken
at 37°C.

Changes in red blood cells (RBC) deformability,
expressed by elongation index (EL%) were measured by
Laser-assisted Optical Rotational Cell Analyzer
(LORCA) [14] at different shear stresses (18.49, 33.20,
and 60.03 Pa); due to correlation coefficient between
these values, only results obtained at 60.03 Pa are
demonstrated.

Red blood cell aggregation was also determined by
LORCA. The following parameters were estimated:
syllectogram amplitude (AMP) and aggregation half-
time (t 1/2).

In vitro IgE Tests

Serum total IgE was determined with ELISA kit
(Allergopharma, Germany) according to the manufac-
turers’ instructions.

Statistical Analysis

Data were delivered as medians and ranges.
Kruskal-Wallis variance analysis was used for screening
differences between the groups. Mann—Whitney U test
was used to compare data between the patient groups
and the healthy controls. Correlation coefficient was
obtained by Spearman test. P values lower than 0.05
were considered statistically significant.

RESULTS

There were no significant differences in blood
rheological properties (hematocrit, whole blood viscos-
ity, plasma viscosity, aggregation half time, syllectogram
amplitude, elongation index) between patients with mild
AD and the controls (Table 1).

Statistically significant decrease in aggregation half
time and syllectogram amplitude, (indexes of RBCs
aggregability) as well as significant decrease in elonga-
tion index (a marker of RBCs deformability) were
observed in severe AD patients as compared to other
groups (Table 1). Plasma, whole blood viscosity and
hematocrit were not statistically significantly different in
patients with severe AD as compared with other groups.

The median value of serum total IgE was 556 kU/I
(total range: 326—875) in severe AD group. No significant
correlation occurred between total IgE value and RBCs
aggregability indices or RBCs deformability marker in
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Table 1. Rheological and Biochemical Parameters in Patients with Atopic Dermatitis (AD) and the Healthy Subjects

Controls (n=14)

AD mild (n=13)

AD severe (n=12)

Statistical

Analysed parameters (unit) median range median range median range significance
Hematocrit (%) 40.5 42 40 NS
3644 35-46 37-44.5
Plasma viscosity (mPas) 1.5 1.54 1.59 NS
1.29-1.65 1.38-1.61 1.45-1.7
Blood viscosity (mPas) 3.8 4.20 4.15 NS
3.32-431 3.44-5.16 3.1-5.47
Corrected blood viscosity to 43 4.49 4.55 NS
hematocrit 45% (mPas)
3.48-4.87 3.9-54 3.2-5.15
Aggregation half time (s) 2.06* 2.30%* 1.64 P=0.038*
1.28-5.1 1.58-3.92 1.22-2.06 P=0.042%**
Syllectogram amplitude (au) 9.77* 10.0%** 4.84 P=0.014*
0.1-14.2 4.2-12.4 2.47-9.6 P=0.023%*
Elongation index (EI%) 0.52* 0.5%* 0.44 P=0.0062*
0.41-0.61 0.42-0.57 0.33-0.49 P=0.0085%*

*Significant differences between controls vs. severe AD patients; **significant differences between mild vs. severe AD patients

the severe AD group. There was no relationship between
the parameters and disease severity as determined by
Rajka and Lageland’s score.

DISCUSSION

Decreased values of both, the sylectogram ampli-
tude representing total aggregation extent and the
aggregation half time expressing the kinetic aspects in
severe AD as compared to the other groups (mild AD
and healthy subjects), observed in the recent study,
suggested increased RBCs aggregability. Also, we have
shown that RBCs deformability, expressed by elongation
index, is decreased in patients with severe AD, as
compared to patients with less severe clinical disease
activity as well as the healthy controls. Only AD patients
with severe skin changes showed increased aggregability
and decreased deformability of RBCs, suggesting that
enhanced inflammatory process might have resulted in
alterations of the rheological parameters. Blood rheo-
logical alterations might be either the cause or the effect
of the pathophysiological processes [6]. RBCs rheolog-
ical properties (aggregation and deformability), sensitive
to changes in local and general homeostasis as well as
different factors, including inflammatory proteins, ab-
normal local tissue metabolism, oxidative state, or
activated leukocytes, may affect these properties [6].
We suggest that such factors might be responsible for
significant alternations in RBCs properties observed in
AD patients with severe inflammatory skin changes. For

example, it has been suggested that increased oxidative
stress is involved in the pathophysiology of AD [15],
which is known to alter RBCs membrane [16]. More-
over, AD patients show abnormalities related both to
metabolism of essential fatty acids and to their incorpo-
ration into red cell membranes [17, 18]. Changes in fatty
acid profile of RBCs may also have affect membrane
structures and enzyme kinetics [19]. Apart from cellular
factors, RBCs aggregation depends on plasma factors,
including immunoglobulins and acute phase proteins,
which can induce those cells aggregation [20-22]. No
correlation was found between total serum IgE levels
and parameters of RBCs aggregability in AD patients
with severe skin changes.

Impaired red blood cell (RBCs) deformability has
been found in patients with eczema [23]. The intracel-
lular accumulation of calcium in the cells may play a key
role in the events leading to the loss of membrane
deformability [23].

It is known that blood viscosity is determined by
hematocrit, plasma viscosity, and, to a lesser extent, on
red cell deformability and aggregation [6, 24]. Plasma
and whole blood viscosity did not differ significantly
between the three groups.

Blood rheology is one of the determinants of
perfusion whereas its main components are flow,
deformability, and aggregability. Increased aggregation
and decreased deformability of RBCs result in increased
flow resistance and hampers the microvascular bed flow
[25-27], which may lead to suppression of oxygen
release from erythrocytes [28]. Similarly to other
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immune-inflammatory diseases [29-31], AD is associat-
ed with increased aggregation and decreased deforma-
tion of RBCs, which could impair microcirculatory
blood flow and tissue oxygenation.

Abnormalities in blood rheological properties are
considered as an independent risk factor for cardiovas-
cular diseases and play a role in atherothrombogenesis.
The possible relationship among the blood rheology
pattern and increased risk for cardiovascular disorders in
patients with severe AD should be investigated.

CONCLUSIONS

Chronic inflammatory processes in AD is associat-
ed with changes in blood rheology (an increased
aggregability and a decreased deformability of erythro-
cytes). Considering that only AD patients with severe
skin changes showed some alternation in blood rheo-
logical properties, we suggest that severity of the skin
lesions may influence blood rheology. Interpretation of
the results, however, requires care because of the
relatively small number of patients.

Whether haemorheological alternations in some
patients with AD contribute to higher risk of cardiovas-
cular complications is still an open question.
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