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Introduction: As 30 to 50% of deep venous thrombosis (DVT) cases remain idiopathic, an
increased focus on hematologic variables may therefore reveal novel correlates of DVT.
Very few studies have investigated the association of hematological parameters with DVT
and the causal relationship between them is still to be elucidated. Therefore, we aimed to
investigate the association between serial values of hematologic variables and DVT.
Methods: Complete blood count parameters were serially measured at baseline and then at
approximately 3-month intervals for 12 months in 152 adults with the first episode of DVT
and 152 age- and sex-matched controls. The odds ratio (OR) with the 95% confidence inter-
val (95%CI) was calculated as a measure of association between hematological parameters
and DVT.
Results: The red cell distribution width (RDW) was the only hematologic variable which
showed an independent and consistent association with DVT at all time points (multivari-
able-adjusted OR [95%CI] 3.38 [1.28 — 8.91] at baseline, 2.24 [0.85 — 5.92] at 3 months and
2.12 [0.81 — 5.55] at 12 months for RDW > 14.0%). This association was higher for provoked
DVT than unprovoked DVT and for DVT plus pulmonary embolism than DVT alone. No sig-
nificant correlation was found between the high RDW and classical thrombotic risk factors,
except malignancy.
Conclusions: We demonstrated an independent and consistent association of the high RDW
with the first episode of DVT in adult patients. The study was probably underpowered to
evaluate the association between the high RDW and recurrent DVT. Further large studies
with long follow-up are needed to confirm this association.
© 2022 Associagao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by
Elsevier Espaiia, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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persons per year." Patients with DVT have a high risk of devel-
oping pulmonary embolism (PE), a complication that is asso-
ciated with high morbidity and mortality, especially in
bedridden or hospitalized patients. Even though major prog-
ress has been made towards identifying the association of
DVT with several acquired and genetic predisposing factors,?
up to 30 to 50% of the cases remain unexplained.>*

Therefore, there is a need to identify novel laboratory and
clinical correlates associated with DVT that can potentially
predict its occurrence and assist in decisions regarding
thromboprophylaxis. Consequently, during the last few deca-
des, clinical research has focused on the identification of
these correlates and the development of predictive models
for VTE.® Serving this purpose, parameters that are reliable,
inexpensive and readily available in routine practice, such as
hematological variables obtained with complete blood count
(CBC) analysis, seem very promising and should be targeted.
The role played by leukocytes and erythrocytes in the process
of coagulation has been shown in recent studies®” and their
presence is clearly observed in the anatomy of a venous clot,
which consists of a laminar structure of erythrocytes and
fibrin, permeated by large numbers of leukocytes.'” Platelets
are also effective cellular elements in thrombus formation
and play a major role in the pathogenesis of VTE."*

A number of previous studies have convincingly demon-
strated an independent association between the high red cell
distribution width (RDW) and DVT.**"” However, only a lim-
ited number of studies have investigated other hematological
parameters and their association with DVT. An increased
focus on other hematologic variables may therefore be justi-
fied and may reveal novel predictors for DVT. Moreover, to
the best of our knowledge, studies that have investigated the
association of serial values of RDW and other hematologic
variables with DVT have not been reported in the literature
previously. Furthermore, only one previous study has investi-
gated the association of RDW with the recurrence of DVT.®
Therefore, the aim of the present study was to investigate
whether serial values of hematologic variables are associated
with DVT among adult patients and also to evaluate the pos-
sible correlation between these hematologic variables and
classical thrombotic risk factors.

Methods
Study design and study population

This case-control observational study was carried out in the
Department of Hematology, All India Institute of Medical sci-
ences (AIIMS), New Delhi, India over a period of 18 months
before the onset of the COVID-19 pandemic. A total of 152
consecutive adult patients aged between 23 and 69 years with
a symptomatic objectively-confirmed first episode of acute
DVT (including DVT or DVT plus PE), who had been referred
from other centers and presented to the outpatient DVT
clinic, were included as cases in the study. The diagnosis of
DVT was confirmed by duplex ultrasonography and PE, by the
contrast-enhanced spiral computed tomography scan. Acute
DVT was defined when symptoms of DVT had been present
for 14 days or less before the diagnosis and/or duplex

ultrasonography indicated the venous thrombosis having
occurred within 14 days. Patients with a previous history of
DVT and chronic DVT were excluded from the study. A total
of 152 age- and sex-matched healthy individuals, without a
history of DVT, classical risk factors of DVT and comorbid-
ities, were randomly selected from patient attendants or hos-
pital staffs in the same time period and assigned as controls.

The study was approved by the Institutional Ethics Com-
mittee and a written informed consent was obtained from all
participants before inclusion in the study.

Study procedure

A detailed medical history and relevant clinical examination
were attained from all participants to obtain baseline data on
clinical characteristics and anthropometric measures, includ-
ing smoking habits, weight, height, body mass index (BMI)
and obesity rating (BMI > 30 kg/m?). Information from all
patients were also obtained regarding current use of medica-
tions, presence of comorbidities (hypertension, diabetes mel-
litus, coronary artery disease, chronic obstructive pulmonary
disease, cerebrovascular disease, chronic kidney disease, dys-
lipidemia, medication use, and others) and the presence of
classical thrombotic risk factors, including the diagnosis of
malignancy within previous 5 years, recent surgery or trauma
within the previous 3 months, prolonged immobilization
(fracture, plaster cast, hospitalization or bedridden at home >
3 days) within the previous 3 months, history of long air travel
(> 4 hours) within the last 2 months, current pregnancy, post-
partum state and current estrogen (oral contraceptive pills
(OCPs) or hormone replacement therapy (HRT)) use. Unpro-
voked DVT was defined according to the conventional criteria,
if it occurred in the absence of aforementioned classical risk
factors. Recurrent DVT was defined as symptomatic, objec-
tively-confirmed DVT at another location than the first DVT,
or at the same location as the first DVT, in cases where the
recurrence occurred after the initial event and recanalization
of the initial thrombus was documented.

Laboratory assays

All participants underwent serial measurement of CBC
parameters, including red blood cell (RBC) count, hemoglobin,
hematocrit, red cell indices, viz., red cell distribution width
(RDW), mean corpuscular volume (MCV), mean hemoglobin
concentration (MCH) and mean corpuscular hemoglobin con-
centration (MCHC), total leucocyte count (TLC) with differen-
tial leucocyte count, viz., absolute neutrophil count (ANC),
absolute lymphocyte count (ALC) and absolute monocyte
count (AMC) and platelet count and mean platelet volume
(MPV) at baseline on the day of the study inclusion and then
at approximately every 3 months for a period of 12 months.
The CBC was performed from EDTA (ethylene diamine tetra
acetic acid)-anticoagulated peripheral venous blood samples
analyzed using an identical fully automated hematology ana-
lyzer (Celltac F MEK-8222 Hematology analyzer, by Nihon
Kohden) within 4 hours of venipuncture. The C-reactive pro-
tein (CRP) was also measured at all time points by the stan-
dard method, using a hospital auto analyzer.
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Statistical analysis

The normality of distribution for continuous variables was
assessed using the Kolmogorov-Smirnov test. Continuous
variables were expressed as median and interquartile range
(IQR) and categorical variables, as frequency (n) and percent-
age (%). The significance of difference was analyzed using the
Mann-Whitney U-test or Student’s t-test for continuous vari-
ables and the Pearson’s chi-squared (x2) test or Fisher’s exact
test, for categorical values, as appropriate. For statistical pur-
poses, hematological parameters were analyzed at baseline,
at 3-month and at 12-month time points. The logistic regres-
sion analysis was used to calculate the odds ratios (OR) and
corresponding 95% confidence interval (95%CI) as a measure
of the association between hematological parameters and
DVT. As the RDW was the only variable found to be significant
(p < 0.05) in the univariate analysis, it was the only variable
which was finally included in the multivariate analysis to
assess its independent association with the DVT and adjusted
for the following potential confounders: age, sex, BMI, smok-
ing status, other hematologic parameters, including the RBC
count, hemoglobin, hematocrit, platelet count and MPV, clas-
sical thrombotic risk factors (malignancy, surgery/trauma,
immobilization, pregnancy/postpartum state and estrogen
use), comorbidities (obesity, hypertension, diabetes mellitus,
coronary artery disease, chronic obstructive pulmonary dis-
ease, cerebrovascular disease and chronic kidney disease)
and CRP. The RDW was analyzed as a continuous, as well as a
dichotomous, variable. The RDW was categorized into 2
groups to compare participants with a high RDW (> 14%) to
those with a lower RDW (< 14%) and to use the lower RDW as
the reference category. An RDW cut-off value of 14.0% was
used in this study because it was the instrument-specific
upper limit of the reference range (11.6% - 14.0%) at the labo-
ratory our hospital routinely uses. The correlation analysis
between the RDW and classical thrombotic risk factors at the
baseline was performed using the Phi correlation coefficient.
The Phi correlation coefficient is not a classic correlation
between continuous variables. It is a measure of association
between two binary variables (here, RDW > 14.0% and the
presence of classic risk factors). A two-tailed p-value < 0.05
was considered as statistically significant. The statistical
analysis was performed using the Statistical Package for
Social Sciences (SPSS) software version 16.0 for Windows
(Version 16.0 for Windows; SPSS Inc., Chicago, Illinois, USA).

Results

The demographic and clinical characteristics of the study
population at the baseline are depicted in Table 1. There was
no significant difference between the two groups with regard
to age, sex, BMI, frequency of obesity and smoking status (p >
0.05). The median duration (days) of DVT (interval between
diagnosis and enrollment into the study) was 7 (IQR: 5 - 12).
Hematological variables of the study population are sum-
marized in Table 2. Both cases and controls were comparable
with respect to the RBC count, hemoglobin, hematocrit, MCV,
MCH and MCHC at the baseline and all subsequent time
points (p > 0.05). However, the RDW was found to be

Table 1 - Baseline clinical characteristics of the study
population.

Variable Cases Controls p-value
(n=152) (n=152)

Demographic characteristics

Age (years) 415 (31 - 50) 39.0 (32 - 50) 0.212

Male sex 88 (58) 88 (58) 1

Smoking 21 (13.8) 14 (9.2) 0.28

BMI (kg/m?) 24.8(22.9-28.4) 23.5(21.2-26.7) 0.136

Obesity (BMI > 20 (13.1) 11 (7.2)) 0.128
30 kg/m?)

Duration of 7 (5-12) - -
DVT (days)?

Comorbidities” 48 (31.6) - -

DVT subtypes

DVT alone 140 (92.1) - -

DVT plus PE 12 (7.9) - =

Unprovoked 72 (47.4) - -
DVT

Provoked DVT 80 (52.6) - -

Location of DVT

Lower limb 138 (90.8) - -
DVT

-Proximal DVT 132 (95.7) - -

-Distal DVT 6(4.3) - -

-Unilateral DVT 124 (89.9) - -

-Bilateral DVT 14 (10.1) = =

Upper limb 14 (9.2) - -
DVT

Risk factors for DVT

Malignancy 18 (11.8) - -

Surgery 12 (7.9) - -

Trauma 4(2.6) - -

Immobilization 16 (10.5) - -

Air travel 2(1.3) - -

Pregnancy/ 12(7.9) - -
postpartum
state

Estrogen (OCP/ 12 (7.9) = =
HRT) use

Abbreviations: BMI, body mass index; DVT, deep venous thrombo-

sis; OCP, oral contraceptive pill; HRT, hormonal replacement

therapy.

Data are expressed as median (interquartile range) or numbers

(percentages).

# Time interval between diagnosis of DVT and enrollment into the study.

® Hypertension, diabetes mellitus, coronary artery disease, chronic
obstructive pulmonary disease, cerebrovascular disease, chronic kidney dis-
ease, dyslipidemia and others.

significantly higher in cases, compared to controls, at all time
points. No significant differences were evident between the
case and control groups, concerning the TLC, ANC, ALC and
AMC, at any time point (p > 0.05). Similarly, the platelet count
and MPV did not reveal significant differences between the
groups at any time point (p > 0.05).

As the RDW was the only hematologic variable which
expressed a statistically significant difference between cases
and controls at all time points, we determined the percentage
change in RDW levels (A%RDW) only. The median A%RDW
(IQR) of cases vs. controls was 3.92 (0.78 - 7.86) vs. 1.37 (-1.60 -
2.52); p < 0.001 from baseline to 3 months, 0.45 (0.07 - 2.45) vs.
0.99 (-0.73 - 1.13); p = 0.677 from 3 months to 12 months, and
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At 12 months

At 3 months

At baseline

Parameter

=152) p-value

Controls (n

=152)

Cases (n

p-value

Controls (n = 152)

=152)

=152) p-value Cases(n

Controls (n

=152)

Cases (n

0.910

4.79 (4.30 - 5.18)

4.86 (4.20 - 5.30)

0.478

0.498

13.4 (12.7 - 14.2)

13.3 (12.3 - 14.2)

0.188
0.198
0.985

0.749
0.417

42.5 (40.7 - 49.4)

40.0 (36.8 - 42.3)

85.9 (75.6 - 100)

85.1 (78.2 - 90.9)

0.796
0.193
0.011

28.2(27.8 - 29.3)

28.2 (26.5 - 29.9)

0.885

33.1(32.1- 34.3)

32.9 (31.2 - 33.9)

0.715

13.7 (12.8 - 14.5)

14.3 (13.2 - 15.1)

0.001

0.925

7.88 (6.30 - 8.60)

7.40 (6.27 - 8.55)

0.700
0.446

0.634

4.62 (4.34-5.04

4.58 (4.20 - 4.97)
12.9 (12 - 14.0)

0.399
0.179
0.456

4.42 (3.79 - 5.08) 4.63 (3.89 - 5.09)

RBC count (10*%/L)

13.8 (12.6 - 14.2

12.6 (11.5 - 13.9) 13.0 (12.2 - 14.3)

Hemoglobin (g/dL)
Hematocrit (%)

MCV (fL)

41.9 (35.8-43.5

39.8 (35.0 - 42.5)

40.4 (34.1-42.9)

38.2 (33.8 - 41.6)

85.2 (79.4 - 90.6

85.2 (79.4 - 90.9)

0.884
0.359

85.4 (71.9 - 109)

85.5 (75.2 - 92.4)

27.5(25.9 - 30.5

27.7 (25.7 - 30.2)

28.2 (25.4 - 30.8)

27.0 (25.2 - 30.0)

MCH (pg)

32.4(30.8-33.7

32.3(30.7 - 33.6)

0.317
<0.001

32.3(30.6 - 32.7)

31.8 (30.1 - 33.0)

MCHC (g/dL)

RDW (%)

13.7 (12.8 - 14.2

14.5 (134 - 15.5)

13.6 (12.9 - 14.5)

15.4 (13.8 - 16.6)

7.66 (6.78 - 9.30
4.69 (3.93-6.51)

7.33(6.23 - 9.01)

0.476

8.50 (6.30 - 9.19)

8.03 (6.93 - 9.89)

TLC (10°/L)
ANC (10%/L)
ALC (10%/L)

0.824
0.927

4.58 (3.83 - 5.62)

4.30 (3.74 - 54.7)

4.48 (3.65 - 5.46)

0.187
0.866
0.859

5.03 (3.60 - 5.90)

5.31 (3.95 - 6.60)

1.97 (1.90 - 2.19)

1.95 (1.80 - 2.45)

1.99 (1.75 - 2.37)

1.97 (1.60 - 2.37)

2.27 (1.76 - 2.53)

2.16 (1.45 - 2.54)

0.801

0.49 (0.41 - 0.63)
225.5 (168.2 - 312.2)

0.775 0.51 (0.43 - 0.63)

0.62 (0.42 - 0.70)

0.60 (0.48 - 0.70)

0.60 (0.32 - 0.70)

0.61 (0.46 - 0.72)

AMC (10°%/L)

0.761
0.962

229 (170 - 314) 0.670 223.5(136.7 - 311.2)

222 (136 - 310.5)
9.6 (7.4 - 11.0)

0.600
0.294

219.5 (149.7 - 477 .8) 228.5 (173.7 - 338.8)

Platelet count (10%/L)

MPV (fL)

9.7 (8.0 - 11.1)

(7.3-10.9)

9.4

0.435

(7.9-11.1)

9.7

9.6 (7.6 - 10.9)

9.9 (7.7 - 12.5)

Abbreviations: RBC, red blood cell; MCV, mean corpuscular volume; MCH, mean hemoglobin concentration; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; TLC,

total leucocyte count; ANC; absolute neutrophil count; ALC, absolute lymphocyte count; AMC, absolute monocyte count; MPV, mean platelet volume.

Data are expressed as median (interquartile range).

4.21 (1.17 - 7.92) vs. 1.45 (-0.98 - 2.63); p < 0.001 from baseline to
12 months.

The association between hematological parameters and
the DVT was analyzed with logistic regression method and
results of the univariate analysis are shown in Table 3.
The only hematologic variable which showed a statistically
significant association with DVT at all time points was the
RDW.

As the RDW was the only hematologic variable which
exhibited a statistically significant association with the
DVT in the univariate analysis, we focused on the RDW
for further analyses. Results of the univariate and multi-
variate analyses of the RDW are presented in Table 4. The
results obtained in the univariate analysis were not
changed to any major degree in the multivariate analysis
and the RDW showed an independent association with the
DVT at all time points. Moreover, when the RDW was ana-
lyzed as a dichotomous variable, high RDW (> 14.0%) com-
pared to lower RDW (< 14.0%), it even showed a strong
and consistent association with the DVT in both univariate
and multivariate analyses at all time points.

When subgroup analysis was performed, the RDW con-
tinued to be associated with all subgroups of the DVT,
classified according to the etiology and severity of the
event, i.e., unprovoked DVT, provoked DVT, DVT alone and
DVT plus PE in both univariate and multivariate analyses
at all time points, exhibiting even higher odds ratios for
high RDW (> 14.0%), compared to lower RDW (< 14.0%).
Interestingly, the association between high RDW (> 14.0%)
and the DVT at the baseline was found to be nearly 2-fold
for provoked DVT, compared to unprovoked DVT, and also
for DVT plus PE, compared to DVT alone, in both univari-
ate and multivariate analyses (Table 4).

During the 12 months of the follow-up period after the ini-
tial event, 10 (6.6%) patients (8 with unprovoked and 2 with
provoked incident DVT) experienced a recurrent DVT at dif-
ferent time intervals. Three patients among these were on
anticoagulation at the time of recurrence. Interestingly, a sig-
nificantly higher RDW (IQR) (%) was found at the baseline in
patients who developed recurrent DVT during the follow-up
than in patients without recurrence of DVT (16.7 [15.2 — 17.1]
vus. 15.2 [13.6 — 16.4]; p < 0.001). Patients with high RDW (>
14.0%), compared to lower RDW (< 14.0%), at the baseline had
a 2.3-fold increased association with the recurrence of DVT
during the 12-month follow-up.

The median RDW (IQR) (%) at the baseline was 16.4 (15.4 -
16.9) vs. 15.1 (13.7 - 16.4); p < 0.05, 15.8 (14.9 - 16.3) us. 15.1 (13.7
-16.1); p > 0.05, 15.7 (15.4 - 15.9) vs. 15.3 (13.7 - 16.1); p > 0.05,
15.5 (14.8 - 15.9) Us. 15.4 (13.5 - 16.0); p > 0.05, 15.5 (14.0 - 16.2)
vs. 15.4 (13.8 - 16.5); p > 0.05, 15.5 (14.3 - 16.0) vs. 15.4 (13.7 -
16.2); p > 0.05 and 15.9 (15.8 - 16.1) vs. 15.3 (13.7 - 16.4); p > 0.05
in patients with vs. without malignancy, surgery, trauma,
pregnancy/postpartum state, immobilization, estrogen use
and air travel, respectively.

A weak, but statistically significant positive correlation
(r = 0.360; p = 0.001), has been shown at the baseline
between high RDW and malignancy, while a negligible and
statistically insignificant correlation was found between
high RDW and other classic thrombotic risk factors
(Table 5).
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Table 3 - Association between hematological parameters and DVT in univariate logistic regression analysis.

Parameter At baseline At 3 months At 12 months
R (95%CI) p-value OR (95%CI) p-value R ((95%CI) p-value

RBC count (10'%/L) 0.79 (0.47 - 1.35) 0.396 0.78 (0.39 - 1.55) 0.474 1.04 (0.55 - 1.96) 0.910
Hemoglobin (g/dL) 0.83(0.63 - 1.08) 0.180 0.81 (0.60 - 1.10) 0.188 0.88 (0.63 - 1.24) 0.494
Hematocrit (%) 0.97 (0.91 - 1.04) 0.453 0.94 (0.86 - 1.03) 0.198 0.98 (0.89 - 1.09) 0.747
MCV (fL) 1.00 (0.96 - 1.04) 0.883 1.00 (0.95 - 1.06) 0.985 0.98 (0.93 - 1.03) 0.414
MCH (pg) 0.95 (0.84 - 1.06) 0.356 0.99 (0.85 - 1.15) 0.884 0.98 (0.82 - 1.16) 0.794
MCHC (g/dL) 0.90 (0.73 - 1.04) 0.315 0.96 (0.77 - 1.19) 0.712 0.83 (0.63 - 1.09) 0.193
RDW (%) 2.20 (1.48 - 3.26) <0.001 1.85 (1.25 - 2.74) 0.002 1.62 (1.10 - 2.38) 0.014
TLC (10°/L) 1.00 (0.9 - 1.00) 0.472 1.00 (0.99 - 1.00) 0.700 1.00 (0.99 - 1.00) 0.924
ANC (109/L) 1.00 (0.99 - 1.00) 0.188 1.00 (0.99 - 100) 0.442 1.00 (0.99 - 1.00) 0.822
ALC (10%L) 1.00 (0.9 - 1.00) 0.864 1.00 (0.99 - 1.00) 0.631 1.00 (0.99 - 1.00) 0.926
AMC (10%/L) 1.00 (0.9 - 1.00) 0.857 1.00 (0.99 - 1.00) 0.773 1.00 (0.99 - 1.00) 0.799
Platelet count (10%L) 0.96 (0.77 - 1.10) 0.600 0.88 (0.65 - 1.21) 0.761 0.85 (0.61 - 1.19) 0.764
MPV (fL) 1.09 (1.01 - 1.20) 0.382 1.00 (1.04 - 1.12) 0.405 1.00 (0.96 - 1.11) 0.549

Abbreviations: DVT, deep venous thrombosis; OR, odds ratio; CI, confidence interval; RBC, red blood cell; MCV, mean corpuscular volume; MCH,
mean hemoglobin concentration; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; TLC, total leucocyte
count; ANC; absolute neutrophil count; ALC, absolute lymphocyte count; AMC, absolute monocyte count; MPV, mean platelet volume.

independent association between the RDW and the presence
of DVT. In addition, this association remained consistently
strong as the strength of the association was not much atten-
uated when further analyses of the RDW were performed at 3

Discussion

In the present case-control observational study, we demon-

strated that the RDW was the only hematologic variable
which showed a statistically significant association with the
DVT. High RDW (> 14.0%) at the baseline was associated with
the presence of DVT, independently of several potential con-
founders, including clinical and other hematological varia-
bles. Our results confirm and extend what has been reported
previously in several studies, including small retrospective
case-control studies,’®'>” a large population-based case-
control study® and large population-based cohort
studies,'*'® which showed a graded and significant

months and 12 months after the initial DVT event. To the
best of our knowledge, this is the first study to report an asso-
ciation between the DVT and serial values of the RDW at dif-
ferent time points after the initial DVT event. In the majority
of previous case-control studies, blood samples were col-
lected only once after the thrombotic event, which did not
allow for an analysis of potential changes in the RDW over
time, and it was unclear whether high RDW (anisocytosis)
was an actual risk factor or a consequence of the thrombotic
event itself due to the accompanying prolonged inflammatory

Table 4 - Association of RDW with DVT and its subgroups in univariate and multivariate regression analyses.

DVT subgroup  Time point RDW (%) High RDW (> 14.0%)
Univariate analysis ~Multivariate analysis  Univariate analysis Multivariate analysis
OR (95%CI) OR (95%CI)? OR (95%CI) OR (95%CI)?

All cases Atbaseline 2.20 (1.48 - 3.26) 2.05 (1.33 - 3.15) 452 (1.84 - 11.09) 3.38(1.28 - 8.91)

At 3 months 1.85 (1.25 - 2.74) 1.63 (1.11 - 2.40) 3.24(1.33 - 7.88) 2.24(0.85 - 5.92)

At 12 months 1.62 (1.10 - 2.38) 1.48(1.00 - 2.17) 3.04 (1.23 - 7.50) 2.12 (0.81 - 5.55)
Unprovoked DVT  Atbaseline 2.10(1.30 - 3.38) 2.09 (1.30 - 3.35) 3.05 (1.11 - 8.36) 2.78(0.98 - 7.85)

At 3 months 1.64 (1.10 - 2.46) 1.75 (1.16 - 2.64) 2.33 (0.84 - 6.45) 1.95 (0.52 - 7.35)

At12 months  1.49(1.00 - 2.22) 1. 53 (1.02 - 2.30) 2.23 (0.82 - 6.08) 1.57 (0.43 - 5.79)
Provoked DVT At baseline 2.48 (1.57 - 3.92) 44 (1.22 - 4.86) 6.90 (2.36 - 20.20) 5.88 (1.26 - 27.38)

At 3 months 2.31(1.36 - 3.92) 1. 53 (0.77 - 3.04) 4.66 (1.68 - 12.89) 2.32(0.82 - 6.55)

At 12 months 1.89 (1.15 - 3.10) 1.42 (0.77 - 2.60) 3.88 (1.41 - 10.67) 2.16 (0.76 - 6.14)
DVT only Atbaseline 2.12 (1.42 - 3.15) 1.92 (1.24 - 2.95) 4.31(1.74 - 10.68) 3.06 (1.13 - 8.24)

At 3 months 1.77 (1.19 - 2.63) 1.55 (1.06 - 2.28) 3.00 (1.22 - 7.35) 1.99 (0.74 - 5.34)

At12 months  1.56 (1.06 - 2-29) 1.42 (0.97 - 2.09) 2.93 (1.17 - 7.30) 1.92 (0.71 - 5.19)
DVT-+PE At baseline 10.18 (1.56 - 66.28) 10.29 (1.40 - 75.44) 10.00 (1.02 - 97.50) 7.32 (0.67 - 79.43)

At 3 months 4.31(1.28 - 14-44) 412 (1.15 - 14.74) 8.63 (0.89 - 83.74) 6.62 (0.64 - 67.95)

At 12 months 3.14(1.10 - 8.97) 3.26 (0.98 - 10.90) 4.66 (0.72 - 30.22) 3.58 (0.44 - 28.75)

Abbreviations: RDW, red cell distribution width; DVT, deep venous thrombosis; PE, pulmonary embolism; OR, odds ratio; CI, confidence interval.

a

adjusted for age, sex, body mass index, smoking status, red blood cell count, hemoglobin, hematocrit, platelet count, mean platelet volume, classical throm-

botic risk factors (malignancy, surgery/trauma, immobilization, pregnancy/postpartum state and estrogen use), comorbidities (obesity, hypertension, diabetes
mellitus, coronary artery disease, chronic obstructive pulmonary disease, cerebrovascular disease and chronic kidney disease) and C-reactive protein.
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Table 5 - Correlation between high RDW (> 14.0%) and
classic risk factors of DVT at baseline.

Classical risk factor Correlation p-value
Coefficient (r)?
Malignancy 0.360 0.001
Surgery 0.149 0.198
Trauma 0.101 0.375
Pregnancy/postpar- 0.180 0.114
tum state
Immobilization 0.031 0.790
Air travel 0.103 0.367
Estrogen use 0.019 0.871

Abbreviations: RDW, red cell distribution width; DVT, deep venous
thrombosis.

Note: The Phi correlation coefficient is not a classic correlation
between continuous variables. It is a measure of association
between two binary variables (here, RDW > 14.0% and presence of
classic risk factors).

2 Phi correlation coefficient.

response, which is known to influence the RDW. In previous
population-based cohort studies, the RDW was measured
only at the baseline long before the thrombotic event, so it
was not known whether results would be different if the RDW
was measured during the acute phase. Likewise, RDW values
might have fluctuated during the relatively long follow-up
before occurrence of the thrombotic event and such fluctua-
tions would tend to change the observed associations with
the VTE. At variance with previous studies, our study mea-
sured the RDW at the baseline during the acute event and
also serially thereafter at approximately every 3-month inter-
vals for 12 months. Furthermore, the A%RDW was signifi-
cantly higher in cases, compared to controls (p < 0.001), from
the baseline to 3 months and from the baseline to 12 months,
but not from 3 months to 12 months (p > 0.05). This finding
indicated that that the association between the RDW and
DVT was not much influenced by time after the thrombotic
event and persisted even after the acute phase of the DVT
had subsided. We were therefore able to rule out the possibil-
ity that the association between high RDW and the DVT was
only due to the consequence of the thrombotic event itself,
suggesting a possible causal relationship between high RDW
and the DVT.

Moreover, when we performed the subgroup analysis,
the RDW continued to be associated with all the different
subgroups of the DVT, similar to other previous stud-
ies.’®*>"' Interestingly, we found a stronger association in
patients with provoked DVT than unprovoked DVT, as well
as in those with DVT plus PE, than in the DVT alone. Our
findings are partly consistent with a previous study per-
formed by Lippi et al.,, which showed that the association
of increased RDW was greater in patients with provoked
DVT and PE than in those with unprovoked thrombosis,
both in unadjusted analysis.'” Ertop et al. found a signifi-
cantly higher RDW in provoked VTE, compared to unpro-
voked VTE (p < 0.001), and showed that high RDW levels
were related to both provoked and unprovoked VTE, but
more significant in provoked VTE.'® Several studies

showed that increased RDW levels were seen in cardiovas-
cular disease and heart failure, stroke, chronic renal insuf-
ficiency, systemic inflammation, chronic obstructive
pulmonary disease, malignancies, peripheral artery dis-
ease, pulmonary arterial hypertension and with diabetes-
associated complications.”®’® The vast majority of these
risk factors have been associated with provoked VTE. The
patients who have these diseases, in addition to the effect
of VTE itself, have some risk factors that also lead to an
elevated RDW. In unprovoked VTE, elevation of the RDW
could be caused mainly by the VTE itself, whereas in pro-
voked VTE, the elevated RDW might not only be due to
the VTE itself, but also to other concomitant risk factors,
and this coexistence could have a synergy and elevate
RDW levels more than expected.™

Furthermore, in our study, we found that the high RDW
was associated with an increased risk of recurrence of DVT
during the 12-month follow-up after the initial event. To the
best of our knowledge, this is the second study to explore an
association between the RDW and recurrent DVT in patients
with the first episode of DVT. A large population-based cohort
study performed by Ellingsen et al. was the first to investigate
the impact of the RDW on the risk of recurrent VTE after inci-
dent VTE in a general population. The VTE patients were fol-
lowed on average for 4.4 years after the initial event and they
found that the RDW was not associated with the risk of VTE
recurrence during the first year after the initial event.'® Other
previous studies had not consisted of long-term follow-up of
DVT patients to examine the effect of the RDW on the recur-
rence of DVT. Our study was probably underpowered to eval-
uate this association in view of the small number of events.
Further large population-based and prospective studies with
long follow-ups are required to confirm this association. It
was also intriguing that the recurrent DVT, which occurred
mainly in patients with unprovoked DVT (8 out of 10 events),
had a higher RDW at the baseline, while at the same time, the
provoked DVT had a higher RDW than unprovoked DVT. This
could be due to a statistical artefact, or in other words, an
unwanted consequence of a very low sample size in this sub-
group analysis.

Additionally, in the current study, we found a negligible
and statistically insignificant positive correlation between the
high RDW and all classic thrombotic risk factors, except
malignancy, which also showed a weak, although statistically
significant, positive correlation. To our knowledge, this is the
first study to investigate the correlation between the high
RDW and various classic thrombotic risk factors.

We did not observe a statistically significant association
between other CBC parameters and DVT. Various previous
studies revealed contradictory results. Compatible with our
study, Warny et al.”° did not observe a statistically significant
independent association between the hematocrit and VTE.
Braekkan et al. failed to exhibit an association between the
DVT and MCV.?" Rezende et al. failed to show an association
of the TLC, ANC and ALC with the DVT.*® Folsom et al. was not
able to show a significant association between the platelet
count and VTE.?” In contrast to our findings, other previous
studies reported that the DVT was associated with a high RBC
count,”* high hemoglobin level,> high hematocrit level,*"?*
high MCV,"® high MCH"® and high AMC."?
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Study limitations

There were many potential limitations in our study. First, our
study had a relatively small sample size with low numbers of
cases within the DVT plus PE and recurrent DVT subgroups,
so we could not perform the subgroup analysis with a high
statistical power in these subgroups. Future large population-
based and multicenter prospective studies with long follow-
ups are required to confirm our results. Second, as our study
had the case-control design, in which blood samples were col-
lected after the thrombotic event and the baseline RDW was
measured shortly after the VTE, we could not rule out the pos-
sibility that our results suffered by reverse causation, a pro-
cess in which the consequences of an event are mistaken as
the causes. However, since blood samples were also collected
at approximately every 3 months for a period of 12 months
after the thrombotic event, it is unlikely that the reverse cau-
sation played an important role in our findings. Finally,
although age and gender of both case and control groups
were matched, the smoking profile, BMI values and presence
of various comorbidities were not matched between both
groups. As these potential confounders could influence
hematologic parameters with a large impact on the RDW, and
chronic diseases could lead to provoked VTE, we expect selec-
tion bias in this study. However, these variables were
included in multivariable analyses and were adjusted.

Conclusions

In this study, we evaluated the association between serial val-
ues of hematologic variables and the DVT. We demonstrated
an independent and consistent association of high RDW with
the first episode of DVT in adult patients. However, further
investigations are needed to clarify a possible causal relation-
ship between high RDW and the DVT, as reverse causation
was a possibility. The study was probably underpowered to
evaluate the association between high RDW and recurrent
DVT in view of the small number of events. Further large pop-
ulation-based and prospective studies with long follow-ups
are needed to investigate this association. Other hematologic
parameters were not associated with the DVT.
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