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Does Reactive Thrombocytosis Observed in Iron
Deficiency Anemia Affect Plasma Viscosity?

Demir Eksikligi Anemisinde Goriilen Reaktif Trombositoz Plazma
Viskozitesini Etkiler mi?
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Abstract

Objective: The accompanying thrombocytosis is referred to as the major factor associated with thromboembolism in
iron deficiency anemia (IDA). Increased viscosity may increase the risk of thrombosis. We hypothesized that increased
platelet count -with reactive thrombocytosis- might also affect plasma viscosity. We planned to evaluate the influence of
normal and high platelet count on plasma viscosity in IDA patients.

Material and Methods: The patient population consisted of fifty-three newly diagnosed and untreated women
aged between 18 and 62 years with IDA. Group 1 consisted of 33 patients, platelet levels below 400 x 10°/L. Group
2 consisted of 20 patients, platelet levels above 400 x 10°/L. Measurements of plasma viscosity were performed using
Brookfield viscometer.

Results: Mean plasma viscosity was found as 1.05 = 0.08 mPa.s. in Group 1, and 1.03 = 0.06 mPa.s. in Group 2. Mean
plasma viscosity was not statistically different. White blood cell count was significantly higher in Group 2. Vitamin B12
levels were significantly higher in Group 2, while folic acid levels were higher in Group 1 (p=0.011 and p=0.033). Plasma
viscosity was correlated with erythrocyte sedimentation rate (r=0.512 p=0.002) in Group 1 and inversely correlated
with vitamin B12 (r=-0.480 p=0.032) in Group 2.

Conclusion: Despite the significant difference between groups in terms of platelet count, no significant difference
was detected in plasma viscosity and this finding could be explained as the following; 1-These platelets were not
thrombocythemic platelets; 2-Similar to the theory about leukocytes, higher platelet counts — even non-thrombocythemic
— may increase plasma viscosity; 3-Evaluating platelet count alone is not sufficient and the associating red-cell
deformability should also be taken into account; and 4-Although other diseases that could affect viscosity are excluded,
some definitely proven literature criteria such as fibrinogen, hyperlipidemia, and the inflammatory process should also
be evaluated by laboratory and clinical measures.
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Ozet

Amac: Demir eksikligi anemisine eslik eden trombositoz, gelisebilecek tromboembolizm i¢cin en énemli etken olarak
goriilmektedir. Artmis viskozite, tromboz riskini de arttirabilir. Buradan hareketle, trombosit sayisindaki artisin da
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-reaktif trombositoz- plazma viskozitesini etkileyebilecegi varsayiminda bulunduk. Demir eksikligi anemisi bulunan
hastalarda, normal ve yitksek trombosit sayisinin, plazma viskozitesi iizerindeki etkisini degerlendirmeyi amacladik.

Gerec ve Yontemler: Yakin zamanda demir eksikligi anemisi tanis1 alip, daha herhangi bir tedavi baslanmayan ve
yaslar1 18 ile 62 arasinda degisen 53 kadin hasta calismaya dahil edilmistir. Grup 1, trombosit sayis1 < 400 x 10%/L olan
33 hastadan olusmaktadir. Grup 2, trombosit sayis1 > 400 x 10°/L olan 20 hastadan olusmaktadir. Plazma viskozite
olciimleri, Brookfield viscometer kullamlarak yapilmistir.

Bulgular: Ortalama plazma viskozitesi, Grup 1’de 1.05 + 0.08 mPa.s. ve Grup 2’de ise 1.03 = 0.06 mPa.s. olarak
bulunmustur. iki grup arasinda, ortalama plazma viskozitesinde istatistiksel bir fark yoktur. Grup 2’de l6kosit sayis1
anlaml olarak yiiksek bulunmustur. Grup 1’de folik asid ve Grup 2’de ise vitamin B12 dizeyleri, diger gruba gore
anlaml olarak yiiksek saptanmistir (p=0.011 ve p=0.033). Plazma viskozitesi, Grup 1’de eritrosit sedimentasyon
hiziyla dogru (r=0.512 p=0.002) ve Grup 2’de ise vitamin B12 diizeyi ile ters korelasyon gostermektedir (r=-0.480
p=0.032).

Sonuc: Her iki grup arasinda trombosit sayis1 bakimindan anlamh bir fark olmasina karsin, plazma viskozitesinde
istatistiksel bir fark bulunamamistir. Bunun nedenleri olarak sunlar sayilabilir: 1- Bu trombositler, “trombositemik”
ozellik tasimamaktadirlar. 2- Lokositlerle alakah teoriye benzer sekilde, belki de ancak cok yiitksek trombosit sayis1
-trombositemik olmasalar bile- plazma viskozitesini arttirabilmektedir. 3- Sadece trombosit sayisin1 degerlendirmek
yeterli olmamakta, ek olarak eritrositlerin yapisal ozellikleri de hesaba katilmahdir. 4- Viskoziteyi etkileyebilecek
baska hastaliklarin dislanmasina karsin, fibrinojen, hiperlipidemi ve enflamatuvar siirecin de laboratuvar ve klinik
olarak degerlendirilmesi uygun olacaktir.

Anahtar Soézcitkler: Demir eksikligi anemisi, Reaktif trombositoz, Trombositemi, Plazma viskozitesi

Introduction ity. In the present study, we planned to evaluate the influ-

Thrombocytosis is frequently encountered as a coinci- €7 of normal and high platelet count on plasma viscosity

dental laboratory finding. The causes of thrombocytosis, 1 IDA patients.

in which the platelet count exceeds the upper limit can be Materials and Methods
categorized as 1- reactive or secondary due to infections,
trauma, surgery, iron deficiency (ID), or occult malignan- Study Population

cy; 2- clonal, including essential thrombocythemia (ET)
and other myeloproliferative disorders; and 3- familial [1].
The clinical features of secondary thrombocytosis are al-
most always a result of the underlying disorder provoking

the reaction. Even though thrombocytosis is benign and . _
self-limiting in most cases and virtually absent in reactive platelet levels below 400 x 10°%/L. Group 2 consisted of 20

thrombocytosis -unless provoked by other features-, this ~ Patients with IDA and platelet levels above 400 x 10°%L.
disorder can result in hemorrhage or thrombosis [2, 3]. Patient characteristics are summarized in table 1.

The accompanying thrombocytosis is frequently referred
to as the major factor associated with thrombembolism in
iron deficiency anemia (IDA) [4].

Plasma viscosity is known to have a close relationship _

The patient population consisted of fifty-three newly
diagnosed and untreated women aged between 18 and 62
years with a demonstrable cause of IDA. There were two
groups. Group 1 consisted of 33 patients with IDA and

Table 1: Patient characteristics

with blood flow. Increased viscosity may increase the risk  Patients 33 20
of thrombosis or thromboembolic events [5]. Many factors Age, years
can affect plasma (and/or blood) viscosity, such as white Viee am 34 45
blood cell and platelet count, hematocrit, immunoglobu- Range 18-55 20.62
lins, and fibrinogen. .
Etiology

We hypothesized that increased platelet count -with Menorrhagia 25 14

reactive thrombocytosis- might also affect plasma viscos- Peptic ulcer 2 3
Hemorrhoid 6 3
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Menorrhagia was the most frequent cause of IDA in
both groups. Patients possessing chronic renal failure, hy-
pertension, coronary vascular disease, diabetes mellitus,
cigarette addiction, hyperlipidemia, coagulopathy, acute
blood loss, infectious disease, connective tissue disorders,
anemia of chronic disease, and cancer were excluded from
the study. Group 2 patients are evaluated for primary
thrombocytosis and other causes of reactive thrombocyto-
sis and those with other disorders causing reactive throm-
bocytosis were also excluded.

The study protocol was approved by the local ethics
committee and written and signed informed consent was
provided by all participants.

Methods

IDA was diagnosed based on hemoglobin (Hb), red
blood cell indexes, serum iron, serum iron binding capac-
ity, serum ferritin, and transferrin saturation test results,
as previously reported [6, 7, 8]. Thrombocytosis was de-
fined as platelet count = 400 x 10°/L in at least two blood
samples.

To measure plasma viscosity, 5 cc of blood samples
were collected from patients into anticoagulated tubes. All

Table 2: Mean of different variables in two groups

samples were frozen because immediate measurement of
plasma viscosity was not possible and the results of fresh
frozen samples and freshly studied blood samples were the
same. By this method, all samples were studied at the same
time and errors that could be due to calibration of the test
machine were minimized. Blood samples taken into anti-
coagulated tubes were first centrifuged at 3000 rpm for 5
min and then the separated plasma was frozen at —40°C.
On the day of measurement, all samples were melted and
recentrifuged and then measured at 37°C in a Brookfield
DV-1I + Cone Plate Viscometer (Brookfield, Stoughton,
MA, USA) machine, which was calibrated with distilled
water. Each sample was measured four times and the aver-
age of the measurements was taken. Some sources indi-
cate that the normal value of plasma viscosity is between
1.3 and 1.65 mPa.s., while others state that itis 1.10-1.30
mPa.s. at 37°C and independent of age and gender [9, 10].

Statistical Analysis

Variables are presented as mean + SD. Analyses of vari-
ance was performed to test the difference between two
groups with respect to viscosity and the other laboratory
measurements according to their platelet count using T-
test and Mann-Whitney U test. The Pearson’s Correlation

| Gowl . Gowp2 P

Viscosity

Platelet count (x 10%L)

MPV (L)

Hemoglobin (g/dL)

White blood cell count (x 10°L)
MCH (pg)

MCV (fL)

Serum iron (pg/mL)

Serum iron binding capacity (ng/dL)
Ferritin (ng/mL)

Transferrin saturation (%)
C-reactive protein (mg/L)

TSH (ulU/mL)

Vitamin B12 (pg/mL)

Folic acid (ng/mL)

ESR (mm/h)

1.05 £ 0.08 1.03 £ 0.06 0.421
277.90 = 54.16 507.45 + 67.70 p<0.001
9.82 +2.31 9.60 £ 3.74 0.795
10.48 = 1.25 8.77 £ 1.66 0.069
6.63 + 1.66 8.04 £ 1.95 0.007
23.98 + 3.63 20.29 + 7.01 0.015

73.62 +8.92 60.30 + 12.63 p<0.001
2242 £ 11.20 20.90 + 12.73 0.650
416.39 + 58.23 434.15 + 59.56 0.291

7.85+4.13 8.94 + 4.52 0.473

7.84+3.97 9.40 £ 4.56 0.198

3.76 £ 2.68 3.73+£2.90 0.956

1.81 £ 0.90 1.76 + 0.94 0.838
307.09 = 105.10 397.30 = 144.20 0.011
8.45+2.75 6.79 £ 2.54 0.033
16.90 = 5.32 19.15 + 4.78 0.129

MPV: Mean platelet volume; MCH: Mean corpuscular hemoglobin; MCV: Mean corpuscular volume; TSH: Thyroid stimulating hormone;

ESR: Erythrocyte sedimentation rate.
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Figure 1: Correlation of plasma viscosity with erythrocyte sedi-
mentation rate in Group 1

was used to describe a correlation between independent
parameters. A P values less than 0.05 were considered to
be statistically significant. All statistical analyses were con-
ducted using SPSS v.15.0 software (SPSS, Inc., Chicago,
IL, USA).

Results

The mean platelet count in Group 1 was 277.90 x
10%/L (range: 155-368 x 10%/L). The mean platelet count
in Group 2 was 507.45 x 10%/L (range: 415-645 x 10°/L)
(p<0.001).

Mean plasma viscosity was found as 1.05 + 0.08 mPa.s.
in Group 1, and 1.03 £ 0.06 mPa.s. in Group 2, (nor-
mal 1.39 = 0.08) [9]. The mean plasma viscosity was not
statistically different. Table 2 shows the mean of different
variables in 53 patients.

Although there was no significant difference between
the two groups in terms of hemoglobin (Hb) and even se-
rum iron, serum iron binding capacity, serum ferritin, and
transferrin saturation, levels of mean corpuscular hemo-
globin (MCH) and mean corpuscular volume (MCV) were
significantly lower in Group 2 (p=0.015 and p<0.001,
respectively). In terms of excluding any associating acute
or chronic condition that could affect viscosity, it is im-
portant that the C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) levels were within the normal
range in both groups (Table 2). However, the white blood
cell (WBC) count, which is known to affect viscosity, was
significantly higher in Group 2.

Vitamin B12 levels were significantly higher in Group
2, while folic acid levels were significantly higher in Group
1 (p=0.011 and p=0.033, respectively).

Plasma viscosity was significantly positively correlated
with ESR (r=0.512 p=0.002) in Group 1 and inversely cor-
related with vitamin B12 (r=-0.480 p=0.032) in Group

Figure 2: Correlation of plasma viscosity with vitamin B12 in
Group 2

2 (Figure 1 and 2). Platelet count, mean platelet volume
(MPV), WBC count, Hb level, red blood cell indexes, iron
indexes, and the others variables such as thyroid stimulat-
ing hormone (TSH), CRP and folic acid levels were not
associated with plasma viscosity in both groups.

Discussion

Markers of platelet activation and haemorrheologi-
cal indices have been demonstrated to play a role in the
pathophysiology of atherosclerosis and cardiovascular
events through thrombosis [11]. Compared to primary
thrombocytosis such as that caused by essential thrombo-
cythemia, reactive thrombocytosis is generally regarded as
benign [3]. Nevertheless, reactive thrombocytosis has been
reported to cause severe and even lethal complications [3,
12]. The mechanism of this possible association between
reactive thrombocytosis-iron deficiency and thrombosis is
unknown. Thus we also wanted to investigate whether or
not the reactive thrombocytosis, the process of triggering
thrombosis occurs by a possible increase in plasma viscos-
ity. We defined the lower limit of thrombocytosis as 400
x 10%L and when we compared the plasma viscosity of
the 20 patients in the group with thrombocytosis with the
other group, no significant difference could be detected.
In a study consisting of 113 patients with diagnosed iron
deficiency anemia, pancytopenia, polycythemia vera, es-
sential thrombocythemia, idiopathic thrombocytopenic
purpura, myelodysplastic syndrome, aplastic anemia, and
thalassemia, thrombocytosis —along with many associat-
ing variables — had a positive effect on blood viscosity
while not affecting plasma viscosity in parallel with our
study [5]. Similarly, in another study comparing 20 cases
with splenectomy (15 trauma related, 4 idiopathic throm-
bocytopenic purpura, 1 splenic cyst) to healthy controls,
although the difference in thrombocyte count between
groups was statistically significant, no significant differ-
ence could be detected in plasma viscosity [13]. In this
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same study, apart from the absence of a significant cor-
relation between viscosity and thrombocyte count, it was
reported that the rapidly increasing thrombocyte count
following splenectomy returned to normal in the follow-
ing weeks while the increase in plasma viscosity persisted.
The researchers stated that the most important factor here
was the decreased red-cell deformability following sple-
nectomy. In the study of Rozenberg et al., patients with
history of myocardial infarct were compared with healthy
controls and no significant correlation could be detected
between blood viscosity and thrombocyte count [14].

The concentration of red cells is the major factor de-
termining the viscosity of normal blood [15]. Leukocytes
have little effect because of their relatively small numbers.
When the leukocyte count is greatly elevated, changes in
viscosity of blood have been noted [15]. WBC count was
increased in Group 2, however, it is meaningful that this
alone did not affect plasma viscosity. In Ho’s study, simi-
lar to increased thrombocyte count, increased WBC count
influenced blood viscosity while no significant relation
could be detected in plasma viscosity [5]. Some authors
suggest that for the leukocyte count be able to affect both
the whole blood and plasma viscosity, the granulocyte
component should be increased, along with the total WBC
count reaching almost 50 x 10°/L [15].

There was not a correlation between MCH, MCV and
plasma viscosity in both groups; but levels of MCH and
MCV were significantly lower in Group 2. The lower levels
of these markers in the group with higher platelet count
could be explained by a longer and deeper iron depletion
in this group.

Folic acid and vitamin B12 levels were within the nor-
mal levels, however, the folic acid level in Group 1 and
the vitamin B12 level in Group 2 were significantly higher
than the other group and this showed that they did not
affect plasma viscosity. Nonetheless, serum vitamin levels
in Group 2 were inversely correlated with plasma viscos-
ity (Figure 2). Remacha et al. compared 326 patients with
thrombosis to 351 control cases and reported that serum
vitamin B12 levels were remarkably decreased in the group
with thrombosis [16]. The researchers stated that this was
related to the hyperhomocysteinemia, which was signifi-
cantly different in the patient group. It was demonstrated
that high plasma homocystein levels were positively corre-
lated with viscosity both in patients with coronary arterial
disease and controls [17]. Thus, although homocystein
levels were not measured in the present study, the relation
between low B12 levels and high viscosity is meaningful.
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In Group 1, the correlation between ESR and plas-
ma viscosity was an expected result [10]. However, it is
doubtful why this same tendency could not be observed
in Group 2. It was reported that ESR was positively cor-
related with plasma viscosity in case groups with pulmo-
nary tuberculosis and malignant lymphomas [18]. In this
same study, no correlation could be detected between ESR
and plasma viscosity in the sickle cell anemia group and
healthy controls and furthermore, ESR was remarkably
lower in patients with sickle cell anemia when compared
with controls. When the more pronounced effect of red
cell deformability on plasma viscosity is taken into ac-
count and the fact that this parameter is not tested in the
patient groups is considered, the non-correlation between
ESR and viscosity in Group 2, in which the platelet count
is higher than Group 1, can be explained.

As a result; in contrast to normal platelets in healthy
individuals, the circulating thrombocythemic platelets
(e.g. chronic myeloproliferative disorders) spontaneously
activate and secrete their products, thus forming aggre-
gates that transiently plug the microcirculation or result
in occlusive platelet thrombi in vessels [19]. In patients
with thrombocythemia associated with chronic myelo-
proliferative disorders, increased hematocrit and viscosity
aggravate the platelet-mediated microvascular ischemic
and thrombotic syndrome of thrombocythemia to ma-
jor arterial and venous thrombotic complications. In the
present study, despite the significant difference between
groups in terms of platelet count, no significant difference
was detected in plasma viscosity and this finding could
be explained as the following; 1-these platelets were not
thrombocythemic platelets; 2-similar to the theory about
leukocytes, much higher platelet counts (e.g. > 1.000 x
10%/L) than observed in Group 2 (mean: 507.45 x 10°/L) —
even non-thrombocythemic— may increase plasma viscos-
ity; 3-evaluating platelet count alone is not sufficient and
the associating red-cell deformability should also be taken
into account; and 4-although other diseases that could af-
fect viscosity are excluded, some definitely proven litera-
ture criteria such as fibrinogen, hyperlipidemia, and the
inflammatory process should also be evaluated by labora-
tory and clinical measures. We hope that further studies
performed on larger number of patients -reactive throm-
bocytosis- and controls, additionally including thrombo-
cythemic disorders, with the possibility of encountering
higher platelet counts and analyzing additional criteria that
could influence viscosity can illuminate the dark spots of
current clinical practice in reactive thrombocytosis which
seems innocent at the present.
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