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ARTICLE INFO ABSTRACT

Introduction: Red cell distribution width (RDW) has been associated with venous thromboembolism (VTE), but
whether RDW is a predictor of first event of VIE is unknown. We investigated the association between RDW and
incidence of first event of VTE in a population-based cohort.

Materials and Methods: RDW was measured in 27 042 subjects (aged 45-73 years, 60.6% women), without previous
history of VTE or cancer within 5 years before follow-up, who participated in the Malmo Diet and Cancer study dur-
ing 1991-1996. Incidence of VTE was identified from the patient register and the cause of death register during a
mean follow-up of 13.8 years and studied in relation to RDW.

Results: During follow-up, 991 subjects (57.5% women) were affected by VTE (pulmonary embolism or deep venous
thrombosis of the lower limbs). After adjustment for potential confounding factors the hazard ratios (HR) for VTE
for the second, third and fourth RDW quartiles 1.15 (95% confidence interval 0.94-1.41), 1.41 (1.14-1.73), 1.74
(1.38-2.21), respectively, were compared with the bottom quartile of RDW. In the multivariate model subjects
with the top 5% of RDW values compared with the bottom quartile had an even higher risk (HR = 2.51,
1.78-2.54). In receiver operating characteristic (ROC) analysis, the male specific area under the ROC curve (AUC)
for RDW was 0.57 (95% CI 0.54-0.59). The female specific AUC was 0.56 (95% CI 0.53-0.58).

Conclusions: RDW was found to be associated with long-term incidence of first event of VTE among middle-aged
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Introduction

Venous thromboembolism (VTE) is the third most common cause of
death from cardiovascular disease after coronary heart disease and
stroke [1]. Although a number of acquired and genetic risk factors for
VTE have been identified, in 30-50% of cases VTE is idiopathic [1].
During the last few decades research has therefore concentrated on
identifying new VTE risk factors and creating predictive models for
VTE [2].

Erythrocytes, or red blood cells (RBCs), are constituents in clots and
thrombi formed in vivo [3]. RBCs play a prothrombotic role in blood
coagulation by increasing blood viscosity and forcing platelets towards
the vessel wall [3]. Incorporation of RBCs into a fibrin clot affects
clot structure and mechanical properties [3]. Even small structural
differences of RBCs may have a large influence on pathophysiology [3].
Moreover, RBCs actively participate in thrombin generation [4]. A sub-

Abbreviations: Cl, confidence interval; HR, Hazard ratio; RDW, Red cell distribution
width; VTE, venous thromboembolism; DVT, deep venous thrombosis; PE, pulmonary em-
bolism; MDC, Malmo Diet and Cancer study; CHD, coronary heart disease.
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fraction of red blood cells expresses phosphatidylserine on their surface.
Unlike platelets, RBCs produce thrombin through the meizothrombin
pathway, which has consequences in the context of clot formation and
stabilization [4]. Polycythemia Vera has been associated with VTE [5],
and hematocrit variations in the general population have been associat-
ed with VTE [6]. An increased focus on RBCs may therefore be justified,
and may reveal novel mechanisms and risk factors for VTE.

Red cell distribution width (RDW) is a measure of the size vari-
ation as well as an index of the heterogeneity of the erythrocytes
(i.e. anisocytosis) [7-9]. RDW is part of routine hematology labora-
tory tests and is used for classification of anemia [7-9]. Recent stud-
ies have shown that RDW is associated with increased mortality in a
number of cardiovascular disorders such as coronary artery disease,
stroke, peripheral artery disease, heart failure, pulmonary embolism, and
pulmonary arterial hypertension, reviewed by Montagnana et al. [10]. It is
however unclear whether anisocytosis might be the cause, or a simple
epiphenomenon due to conditions such as inflammation, impaired kid-
ney function, malnutrition, or oxidative damage [10]. Two studies have
determined RDW in patients with pulmonary embolism (PE) [11,12].
Both studies found that a high RDW level, i.e. anisocytosis, was an inde-
pendent predictor of early PE-related mortality [11,12]. Recently, RDW
has been associated with venous thromboembolism (VTE) in two case-
control studies [13,14]. These case-control studies cannot exclude the
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possibility that anisocytosis was the result of the thrombotic event itself.
To the best of our knowledge, there are no prospective studies on the
association between RDW and risk of first event of VTE, i.e. deep venous
thrombosis (DVT) and PE.

The purpose of the present study was to determine whether RDW is
an independent predictor of first event of VTE in asymptomatic middle-
aged subjects in the Malmo Diet and Cancer Study (MDC), which is a
prospective cohort study in Malmé.

Materials and Methods
Study Population

The Malmo Diet and Cancer study (MDC) is a prospective cohort
study from the city of Malmo in the south of Sweden. Sample character-
istics, data collection, and clinical definitions for MDC have been
described previously [15-22]. Briefly, 28 449 men (n = 11 246, born
1923-1945) and women (n = 17 203, born 1923-1950) attended a
baseline examination between March 1991 and September 1996.
Participants underwent sampling of peripheral venous blood, measure-
ment of blood pressure and anthropometric measures and filled out a
self-administered questionnaire. Information on RDW was available in
28 363 subjects [19]. Subjects with previous VTE (n = 360 subjects)
at the baseline examination were excluded. Patients with diagnosis of
cancer within 5 years before baseline were excluded (n = 448). Of
the remaining 27 563 subjects (8 patients were diagnosed with both
VTE and cancer before baseline), 521 subjects were excluded due to
missing information on blood pressure, smoking habits, alcohol con-
sumption, education level, civil status, hemoglobin value, and body
mass index (BMI). Thus, the final study population in the analysis
consisted of 27 042 (10 660 [39.4%] men and 16 382 [60.6%] women)
subjects, aged 45-73 years.

Measurements and Definitions

Information on current use of statins, blood-pressure-lowering and
anti-diabetic medications, physician-treated cancer, smoking habits, al-
cohol consumption, leisure-time physical activity, education level, and
civil status were obtained from a self-administered questionnaire
[15-22]. Weight and height were measured to the nearest 0.1 kg and
0.5 cm, respectively, with subjects wearing light clothing and no
shoes. Current BMI was calculated as weight in kilograms divided by
height in meters squared (kg/m?). Blood pressure was measured using
a mercury-column sphygmomanometer after 10 min of rest in the su-
pine position. Hyperglycemia was defined as fasting whole blood glu-
cose level greater than 109 mg/dL (i.e. 6.0 mmol/L), self-reported
physician’s diagnosis of diabetes or use of anti-diabetic medications.
History of atrial fibrillation and also history of cardiovascular disease
(CVD) at baseline was defined as diagnosis of atrial fibrillation and
coronary heart disease (CHD) or stroke, respectively, in the Swedish Na-
tional Hospital Discharge Register (SNHDR) [15,21,23]. Cancer during
follow-up among individuals with first event of VTE (during follow-
up) was obtained from Swedish Cancer Register. Subjects were catego-
rized as current smokers (i.e. those who smoked regularly or occasion-
ally) or non-smokers (i.e. former smokers and never smokers). High
alcohol consumption was defined as >40 g alcohol per day for men
and >30 g per day for women [15,19]. High education level was defined
as completed secondary school and at least one year of education from
college, university or higher (e.g. >12 years education), modified from
reference [19] and [21]. Civil status was categorized into married or
not [20]. Low level of physical activity was defined as the lowest tertile
of a score revealed through 18 questions covering a range of activities in
the four seasons. The evaluation of the questionnaire has been previous-
ly reported [19,22].

Red cell distribution width, mean corpuscular volume (MCV),
hemoglobin, platelet and leucocyte concentrations were analyzed

consecutively in fresh heparinized blood. Erythrocyte diameter
was measured using a fully automated assay (SYSMEX K1000).
Red cell distribution width was calculated as the width of the
erythrocyte distribution curve at a relative height of 20% above
the baseline. The intra-assay CV was 2.2%. Reference values were
36.4-46.3 fL in women and 35.1-43.9 fL in men [24].

Ascertainment of Venous Thromboembolic Events

All subjects were followed from the baseline examination until a first
event of VTE, emigration, death or end of follow-up (December 31,
2008), whichever came first. VTE was defined as International Classifi-
cation of Diseases - 8th revision (ICD-8 used before 1987), code 450
(PE), and 451 (DVT of the lower limbs) (ICD-9 used 1987-1996), code
415B (PE), and 451 (DVT of the lower limbs); and (ICD-10 used
1997-2008) 126 (PE), and 180 (DVT of the lower limbs) as the primary
diagnosis. Patients with superficial thrombophlebitis were excluded
(ICD-9 code 451A and ICD-10 code 180.0). The inpatient register, the
outpatient register and the cause of death register were used to identify
cases with VTE. All these registers have 100% coverage in Malmo during
the whole follow-up time. A validation study has shown that a diagnosis
of VTE in the SNHDR has a validity of 95% [25]. Such high validity has
also been found for other cardiovascular disorders such as myocardial
infarction (94%), stroke, heart failure, and atrial fibrillation
[21,23,26-28]. The overall validity of the SNHDR is 87% [29]. A previous
population-based prospective study was performed at the Malmé Uni-
versity Hospital in 1998-2006, of all in- and outpatients diagnosed
with VTE in Malmé [30], i.e. at the same study center as the present
study and with partially overlapping study periods. Among 1140 VTE
patients, virtually all were diagnosed with an objective method such
as phlebography, ultrasound or computer tomography [30]. Similar re-
sults were reported in another Swedish study that found that most
Swedish patients with VTE are objectively diagnosed [31].

Statistical Analysis

Detailed information on the statistical analysis is found in the supple-
mentary material. P-values were calculated with two-sided Student’s t-
test for continuous variables and with two-sided Fischer’s exact test for
dichotomized variables. Confidence interval for incidence rates were cal-
culated with the OpenEpi version 2.3.1 according to Rothman/Greenland
as described [32,33]. Cox proportional hazards regression was used to ex-
amine the association between RDW and incidence of VTE. Hazard ratios
(HR) with 95% confidence interval (CI) were calculated [32]. The area
under the ROC (receiver operating characteristic) curve (AUC) was
used as a measure of the overall performance of the ROC curve because
it reflects the probability that the diagnostic test will classify correctly
[34]. Positive [sensitivity/(1-specificity)] and negative [(1-sensitivity)/
specificity] likelihood ratios were also calculated to express the odds
that a given value of a screening test outcome would be expected in a
subject with or without VTE, respectively. Analyses were performed
using IBM SPSS 21 (IBM, Armonk, New York, USA).

Ethical Approval

All participants provided written informed consent, and the study
was approved by the ethics committee at Lund University, Lund,
Sweden (LU 51/90). The MDC is registered in the US Library of Medicine
as trial number NCT 01216228 (http://www.clinicaltrials.gov).
Results

Baseline Characteristics

Cardiovascular risk factors at the baseline examination for the
middle-aged MDC cohort in relation to the sex-specific quartiles of
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RDW have previously been published (not shown) [19]. Instead, cardio-
vascular risk factors at the baseline examination in relation to incident
VTE during follow-up and sex between 1991 and 2008 are presented
in Table 1 and Supplementary Table S1, respectively. Mean baseline
RDW (+ standard deviation, SD) was 40.5 (4+3.6) in men and 40.9
(£3.3) in women (Supplementary Table S1). Totally 991 (3.7%) of the
included 27 042 individuals were affected by VTE during follow-up. Of
hematological parameters at baseline, VTE during follow-up was associ-
ated with increased RDW, hemoglobin, and mean corpuscular volume
(MCV) (Table 1). Sex, age, BMI, systolic blood pressure, diastolic blood
pressure, hyperglycemia, use of blood pressure medication, low educa-
tional level, history of coronary heart disease (CHD) or stroke, and his-
tory of atrial fibrillation were associated with VTE during follow-up
(Table 1).

Incidence of First Event of VTE in Relation to Red Cell Distribution width and
Known Cardiovascular Risk Factors

During a median follow-up of 14.2 years (interquartile range
12.9-15.7 years), a total of 991 (3.7%) individuals were affected by
VTE. The sum of follow-up time was 370 468 years corresponding to a
VTE incidence rate of 2.7 (95% CI 2.5-2.8) per 1000 person years.
Among the 991 VTE patients during follow-up 571 (57.6%) VTE events
were coded as DVT, 382 (38.5%) as PE and 38 (3.8%) as both DVT and
PE. The mean time between baseline and first event of VTE was
8.7 years (+4.2 SD).

The RDW variable was divided into sex-specific quartiles as previous-
ly described (Table 2) [19]. The number of VTE cases in each quartile was
186 (2.8%) for the lowest quartile (Q1), 222 (3.3%) for the second quartile
(Q2),270 (3.9%) for the third quartile (Q3), and 313 (4.7%) for the highest
quartile (Q4). The corresponding VTE incidence rates per 1000 person
years were 2.0 (95% CI 1.7-2.3), 2.4 (95% CI 2.1-2.7), 2.9 (95% CI

Table 1
Baseline characteristics of subjects enrolled in the MDC study 1991-96 according to inci-
dent VTE during follow-up 1991-2008.

No VTE Incident VTE p-value*
(n = 26051) (n=991)

Sex (men/women) 10239/15812 421/570 0.047
(39%/61%) (42%/58%)

Age (years) 580 + 7.6 61.1 + 74 <0.001

Smoking (current, yes/no) 7390/18661 277/714 0.800
(28%/72%) (28%/72%)

Body mass index (kg/m?) 257 £ 39 27.0 £ 43 <0.001

Hemoglobin (g/L) 141.7 + 12.0 1433 £ 122 <0.001

Mean corpuscular volume (fL) 894 4+ 42 89.8 + 4.2 0.003

Red cell distribution width 40.7 + 34 414 £33 <0.001

Leucocyte count (10°/L) 64 + 23 6.6 + 24 0.063

Platelet count (10%/L) 2304 + 59,0 23042 4+ 7899  0.989

Systolic blood pressure (mmHg) 141.03 4+ 19.98 145.2 + 198 <0.001

Diastolic blood pressure (mmHg) 85.5+ 99 86.8 + 9.9 <0.001

Hyperglycemia (yes/no) 766/25285 46/945 0.003
(3%/97%) (5%/95%)

Blood pressure medication (yes/no) 4588/21463 231/760 <0.001
(18%/82%) (23%/77%)

Statin medication (yes/no) 558/25493 20/971 0.898
(2%/98%) (2%/98%)

Low educational level (yes/no) 19982/6069 816/175 <0.001
(77%/23%) (82%/18%)

Unmarried (yes/no) 9019/17032 364/627 0.174
(35%/65%) (37%/63%)

High alcohol consumption (yes/no)  1134/24917 33/958 0.134
(4%/96%) (3%/97%)

Stroke or CHD (yes/no) 750/25301 44/947 0.005
(3%/97%) (4%/96%)

Atrial fibrillation (yes/no) 242/25809 19/972 0.004
(1%/99%) (2%/98%)

Values are means with one standard deviation, or percentages with numbers in brackets.
*P-values calculated with two-sided Student’s t-test for continuous variables and with
two-sided Fischer’s exact test for dichotomized variables.

2.6-3.3), and 3.6 (95% CI 3.2-4.0), respectively. In the age- and sex-
adjusted model subjects in the two top quartiles (Q3 and Q4) compared
to the bottom quartile (Q1) had significantly higher risk of VTE: HR 1.35
(95% C11.12-1.62) and HR 1.61 (95% CI 1.34-1.94), respectively. The risk
for subjects in the second quartile (Q2) was not significantly increased,
HR 1.13 (95% CI 0.93-1.38). In the age- and sex-adjusted model RDW,
age, smoking, BMI, hemoglobin, MCV, leucocyte count, diastolic blood
pressure, hyperglycemia, use of blood pressure medication, low educa-
tional level, being unmarried, history of CHD or stroke, and history of atri-
al fibrillation were all associated with an increased risk of VTE (Table 2).

In the multivariate model subjects in the top (Q4) compared to the
bottom quartile (Q1) of RDW had a significantly higher risk of VTE, HR
1.74 (95% CI 1.38-2.21) (Table 2 and Fig. 1). Subjects in Quartile 3
(Q3) had also a significantly higher risk of VTE, HR 1.41 (95% CI
1.14-1.73), while the risk for subjects in the second quartile (Q2) was
not significantly increased HR 1.15 (95% CI 0.94-1.41). No other hema-
tological variable than RDW was associated with an increased risk in the
multivariable model. In the final multivariable model RDW, age, BMI,
hyperglycemia, and being unmarried were independently associated
with an increased risk of VTE (Table 2). In the multivariate model sub-
jects with the top 5% RDW values (>46.6 fL) compared with the bottom
quartile had an even higher risk of VTE (HR 2.51, 95% CI 1.78-2.54,
P < 0.001). If RDW was entered as a continuous variable into the final
multivariable model the HR per fL was 1.05 (1.03-1.07, P < 0.001). No
significant interaction was observed between RDW and other risk fac-
tors (age, BMI, hyperglycemia, unmarried) or hematological parameters
for incidence of VTE (data not shown in Table).

In a subanalysis we also determined the risk of DVT and PE separately.
In the multivariable model the HR for PE for the quartiles Q2, Q3, and Q4
compared to Q1 was 1.29 (95% C10.95-1.75), 1.40 (95% CI 1.02-1.93) and
1.61 (95% CI 1.11-2.32), respectively. In the multivariable mode the HR
for DVT for the quartiles Q2, Q3, and Q4 compared to Q1 was 1.05 (95%
CI 0.81-1.36), 1.40 (95% CI 1.08-1.81) and 1.87 (95% CI 1.39-2.51),
respectively.

RWD, Sex and ROC Analysis

No interaction was observed between RDW and sex. We neverthe-
less performed stratified analysis according to sex. In the multivariate
model male subjects in the two top quartiles (Q3 and Q4) compared
to the bottom quartile (Q1) had significantly higher risk of VTE: HR
1.44 (95% CI1 1.04-1.99) and HR 1.70 (95% CI 1.16-2.47), respectively.
The risk for male subjects in the second quartile (Q2) was not signifi-
cantly increased, HR 1.13 (95% CI 0.87-1.67). In the multivariate
model female subjects in the two top quartiles (Q3 and Q4) compared
to the bottom quartile (Q1) had significantly higher risk for VTE: HR
1.40 (95% CI 1.07-1.83) and HR 1.79 (95% CI 1.32-2.42), respectively.
The risk for female subjects in the second quartile (Q2) was not signifi-
cantly increased, HR 1.13 (95% CI 0.87-1.47). The calculated male spe-
cific AUC for RDW was 0.57 (95% CI 0.54-0.59, p < 0.001). The female
specific AUC for RDW was 0.56 (95% CI 0.53-0.58, p < 0.001). Cut-offs
were derived from ROC analysis to maximize the sum of sensitivity
and specificity. In males, a RDW cut-off point of 40.15 fL had sensitivity
of 0.60 and specificity of 0.50, whereas in females a cut-off value of
40.55 fL had sensitivity of 0.58 and specificity of 0.50. The correspond-
ing positive and negative likelihood ratios for both males and females
were 1.2 and 0.8, respectively.

Sensitivity and Additional Analysis

In sensitivity analysis, inclusion of the 521 subjects with missing
values in a sex- and age-adjusted model did not change the result: the
HR for VTE for quartiles Q2, Q3, and Q4 compared to Q1 was 1.13 (95%
(I 0.93-1.37), 1.35 (95% CI 1.12-1.62) and 1.60 (95% CI 1.34-1.92),
respectively. We also excluded patients with personal history of atrial
fibrillation, coronary heart disease, stroke, hyperglycemia, statin



B. Zoller et al. / Thrombosis Research 133 (2014) 334-339 337

Table 2
Age- and sex-adjusted and multivariable hazard ratios (HR) with 95% confidence interval (CI) and p-values for first event of VTE during follow-up in the MDC cohort 1991-2008.
Age- and sex- adjusted HR (95% CI) p-value Multivariable HR (95% CI) p-value
RDW Q1 (men <38.2 fL, women <38.6 fL, n = 6689) reference reference
RDW Q2 (men 38.2-40.0 fL, women 38.6-40.5 fL, n = 6782) 1.13 (0.93-1.38) 0.210 1.15 (0.94-1.41) 0.161
RDW Q3 (men 40.1-42.4 fL, women 40.6-42.7 fL, n = 6868) 1.35(1.12-1.62) 0.002 141 (1.14-1.73) 0.001
RDW Q4 (men >42.4 fL, women >42.7 fL, n = 6703) 1.61(1.34-1.94) <0.001 1.74 (1.38-2.21) <0.001
Male sex 1.10 (0.97-1.25) 0.132 1.09 (0.93-1.27) 0.277
Age (per 1 year) 1.06 (1.06-1.07) <0.001 1.06 (1.04-1.07) <0.001
Smoking (current) 1.21 (1.05-1.39) 0.009 1.13 (0.97-1.31) 0.128
Body mass index (per kg/m?) 1.07 (1.06-1.09) <0.001 1.08 (1.06-1.09) <0.001
Hemoglobin (per 1 g/L) 1.01 (1.00-1.01) 0.025 1.00 (0.99-1.01) 0.837
MCV (per fL) 1.02 (1.01-1.04) 0.009 1.00 (0.98-1.02) 0.688
Leucocyte count (per 10°%/L) 1.02 (1.01-1.03) 0.002 1.01 (0.99-1.03) 0.520
Platelet count (per 10°/L) 1.00 (1.00-1.00) 0.126 1.00 (1.00-1.00) 0.330
Systolic blood pressure (mmHg) 1.00 (1.00-1.01) 0.062 1.00 (1.00-1.01) 0.668
Diastolic blood pressure (mmHg) 1.01 (1.00-1.01) 0.041 1.00 (0.99-1.01) 0.805
Hyperglycemia (yes/no) 1.54 (1.15-2.08) 0.004 141 (1.04-1.91) 0.026
Blood pressure medication (yes/no) 1.23 (1.06-1.43) 0.007 1.06 (0.90-1.24) 0513
Statin medication (yes/no) 0.81 (0.52-1.26) 0.341 0.69 (0.44-1.09) 0.110
Low educational level (yes/no) 1.19 (1.01-1.40) 0.042 1.10 (0.94-1.31) 0.220
Unmarried (yes/no) 1.19 (1.04-1.36) 0.009 1.16 (1.02-1.32) 0.027
High alcohol consumption (yes/no) 0.88 (0.62-1.25) 0.485 0.80 (0.56-1.14) 0.220
Stroke or CHD (yes/no) 141 (1.04-1.92) 0.028 1.30 (0.95-1.79) 0.103
Atrial fibrillation (yes/no) 1.79 (1.13-2.82) 0.012 1.57 (0.99-2.49) 0.056

medication, and hypertension medication at baseline. The results ob-
tained in a multivariate model were not changed to any major degree:
the HR for VTE for the quartiles Q2, Q3, and Q4 compared to Q1 was
1.16 (95% CI 0.92-1.47), 1.39 (95% CI 1.09-1.76) and 1.77 (95% CI
1.34-2.33), respectively. We also performed stratified analysis with re-
gard to follow-up time. In a multivariate model for the first 8 years of
follow-up the HR for VTE for the RDW quartiles Q2, Q3, and Q4 com-
pared to Q1 was 1.22 (95% CI 0.89-1.66), 1.44 (95% CI 1.05-1.99) and
1.60 (95% CI 1.11-2.31), respectively. In the multivariate model with
follow-up between 8 and 18 years the HR for VTE for the RDW quartiles
Q2, Q3, and Q4 compared to Q1 was 1.11 (95% CI 0.86-1.45), 1.39 (95%
C11.06-1.81) and HR 1.86 (95% CI 1.37-2.53), respectively.

Since cancer is a major risk factor for VTE, we performed a subanalysis
in which all VTE cases with cancer prior to, or up to 180 days after the
VTE event, were excluded. A total of 648 VTE cases remained in the anal-
ysis. In the multivariable model, the HR for VTE for quartiles Q2, Q3, and
Q4 compared to Q1 was 1.14 (95% C1 0.89-1.45), 1.44 (95% CI 1.12-1.86)
and 1.79 (95% CI 1.34-2.38), respectively. Physical activity data were
available for 26 106 of the included individuals. Low physical activity
was not associated with VTE in a sex- and age-adjusted model 1.02
(95% C10.88-1.18, p = 0.82), and when entered into the multivariate
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Fig. 1. First VTE event free survival in relation to sex-specific quartiles (Q1-Q4) of RDW.

model it did not affect the association between RDW and VTE (results
not shown in Table).

Discussion

Previous studies have found an association of RDW with early PE-
related mortality in patients with acute pulmonary embolism [11,12].
RDW has also been associated with VTE in two recent case-control
studies [13,14]. The present study is the first prospective cohort study
to determine whether RDW is a predictor of first event of VTE. The pres-
ent large, population-based cohort study shows a graded independent
association between RDW and risk of first event of VTE among
middle-aged subjects. This relationship was independent of potential
confounders, including hematological parameters, multiple biological,
lifestyle, and socioeconomic factors. The association was robust and
remained significant in all different analysis performed. The results sug-
gest that increased RDW is a novel independent risk factor for first event
of VTE. The ROC analysis indicates that RDW as a sole marker is not use-
ful for clinical prediction of VTE in the present study population. It is
possible that RDW performs better as a prognostic marker in high-risk
individuals such as patients with PE [11,12].

The mechanism underlying the relationship between RDW and VTE
is unclear. Red cell distribution width has been associated with low-
grade systemic inflammation [35]. In a previous study, RDW was associ-
ated with leucocyte count and hsCRP, e.g. classic markers of inflamma-
tion [36]. In the present study the relationship between RDW and risk of
VTE remained unchanged when leucocyte count was taken into account
(Table 2). This suggests that inflammation is not the major mechanism
for the increased incidence of VTE in the present study. However, ad-
justment for leukocyte count is not sufficient to draw firm conclusions
on inflammation, but CRP data were not available. Red cell distribution
width has been associated with several other risk factors, e.g. age, waist
circumference, BMI, smoking, high alcohol consumption, diabetes,
blood pressure, history of CHD, leucocyte count, and being unmarried
[19,37]. RDW remained significant after adjustment for such risk factors,
and there were no interactions between RDW and other risk factors or
hematological parameters for the incidence of VTE. Malnutrition and
deficiency of vitamin B, and folic acid are other factors that have
been associated with high RDW, because of their role in erythropoiesis
[10]. We did not have information on plasma levels of these vitamins,
and it therefore remains unclear whether these factors contributed to
the relationship between RDW and incident VTE in our study.
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What is the relevance of an association between RDW and VTE in
the present study and in the four previously published studies
[11-14]? If RDW by itself is not the cause of the association with
VTE, then RDW will just be another biomarker for VTE reflecting a
moderate hypercoagulability. As RBCs are constituents of in vivo
clots and thrombi it is possible that anisocytosis could increase the
prothrombotic role of the RBCs [3]. Recently, a genome-wide associ-
ation study among African Americans has identified two variants
(rs1050828 and rs10493739) on chromosomes Xq28 (G6pD gene)
and 1p31.1, respectively, that were associated with RDW [38]. Men-
delian randomization studies may therefore be an important possi-
bility in order to generate estimates for a causal effect of RDW on
VTE [39].

It is worth pointing out the association between civil status and VTE
risk confirming a recent study [40]. This is consistent with the growing lit-
erature about socioeconomic factors and VTE risk [25,40-42]. Moreover,
an association between hyperglycemia was also observed in the present
study, confirming previous studies [31,43-45].

Strengths and Limitations

The study cohort included a large numbers of subjects and events dur-
ing a long follow-up period [15-22]. The cardiovascular endpoints were
obtained from national registers covering all Sweden [21,23,25-29]. Val-
idation studies of cases obtained from the Swedish hospital discharge
register have shown a 95% validity of VTE [24]. A previous study from
Malmo has shown that virtually all VTE patients are diagnosed with an
objective method such as phlebography, ultrasound or computer tomog-
raphy [30], confirming that the majority of cases (91%) with VTE in
Sweden are diagnosed with an objective method [31].

The present study focuses only on VTE coming into medical attention.
Cases with subclinical VTE with minor symptoms not leading to a medi-
cal contact were not included. The registry does not allow for identifica-
tion of proximal and distal deep venous thrombosis, which is a limitation
of the study. However, only 28% of DVT of the lower limbs in Malmé are
distal DVT [30]. Moreover, RDW was not only a risk factor for DVT but
also for PE. The MDC is a population-based study with an attendance
rate of 40%. Similar to most population-based studies, the incidence of
disease in the MDC was higher in non-participants. The incidence of
first VTE event in the present study (subjects aged 45-73 years and
60.6% women) was 2.7 per 1000 person-years, which is within limits re-
ported from other studies [46-48]. It is well established that high-risk in-
dividuals are less likely to participate in population-based studies
[49,50]. A potential underestimation of first VTE due to the “healthy
cohort effect” is therefore not evident in the present study as the inci-
dence of VTE was high. It seems likely that the “healthy cohort effect”
is non-differential regarding RDW-associated VTE risk. Another major
limitation of the present study is the lack of information on genetic risk
factors for VTE and VTE-precipitating risk factors such as hormone re-
placement therapy, surgery or trauma. Though inherited factors are sig-
nificant risk factors for VTE in the present age group, inherited factors are
relatively more important at younger ages [48]. Thus, it will be important
to verify the present results in studies with information about major
genetic and circumstantial risk factors. Previously none of the established
genetic risk factors for VTE have been reported to be associated with
RDW [11-14], and it is not obvious how genetic variants like factor V
Leiden GIn506 (rs6025) and prothrombin G20210A (rs1799963) could
affect RDW [2]. All patients with self-reported physician-treated cancer
during the last 5 years were excluded. We also excluded all cases with
a cancer diagnosis prior to, or within 180 days after the VTE event,
with essentially the same results. The association between RDW and
VTE was observed among both men and women, and also after exclusion
of patients with different metabolic and cardiovascular comorbidities.
Still residual confounding is possible by various comorbidities or con-
comitant drugs not adjusted for in the analysis.

In conclusion, RDW among middle-aged subjects was associated
with long-term incidence of first event of VTE. The possible mechanism
underlying the association between RDW and incident VTE needs fur-
ther investigation.
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