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Background
Hematocrit above the normal range for the population, such as in primary or secondary
erythrocytosis, predisposes to both arterial and venous thrombosis. However, little is
known about the association between hematocrit and risk of venous thromboembolism
in a general population. 

Design and Methods
Hematocrit and related hematologic variables such as hemoglobin, red blood cell count,
mean corpuscular volume, and baseline characteristics were measured in 26,108 subjects,
who participated in the Tromsø Study in 1994-1995. Incident venous thromboembolic
events during follow-up were registered up to September 1st, 2007. 

Results
There were 447 venous thromboembolic events during a median of 12.5 years of follow-
up. Multivariable hazard ratios per 5% increment of hematocrit for the total population,
adjusted for age, body mass index and smoking, were 1.25 (95% CI: 1.08-1.44) for total
venous thromboembolism and 1.37 (95% CI: 1.10-1.71) for unprovoked venous throm-
boembolism. In category-based analyses, men with a hematocrit in the upper 20th per-
centile (≥46% in men) had a 1.5-fold increased risk of total venous thromboembolism
(95% CI: 1.08-2.21) and a 2.4-fold increased risk of unprovoked venous thromboembolism
(95% CI: 1.36-4.15) compared to men whose hematocrit was in the lower 40th percentile.
The risk estimates were higher for men than for women both in continuous and catego-
ry-based analyses. The findings for hemoglobin and red blood cell count were similar to
those for hematocrit, whereas mean corpuscular volume was not associated with venous
thromboembolism. 

Conclusions
Our findings suggest that hematocrit and related hematologic variables such as hemoglo-
bin and red blood cell count are risk factors for venous thromboembolism in a general pop-
ulation. 
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Introduction

Venous thromboembolism (VTE), manifested as deep
vein thrombosis or pulmonary embolism, is a common,
multifactorial disease with serious short- and long-term
complications and potentially fatal outcome.1 Although
increasing age, obesity, surgery, trauma, malignancy,
immobility, pregnancy, and acute medical conditions are
well-known risk factors for VTE,1,2 up to 30-50% of cases
of VTE have no obvious predisposing factors.3

As Virchow postulated, the risk of VTE is primarily
related to hypercoagulability, altered blood flow, or
endothelial vascular lesions.4 Hematocrit, the proportion
of blood volume occupied by red blood cells (RBC), is one
of the major determinants of blood viscosity. An increase
in the hematocrit is associated with increased blood vis-
cosity,5 reduced venous return,6 and increased adhesive-
ness of platelets.7 It is well known that subjects with
hematocrit levels above the normal range for the popula-
tion, such as in primary or secondary erythrocytosis, are
predisposed to both arterial cardiovascular disease and
venous thrombosis.8-12 Hematocrit has also been associat-
ed with an increased risk of cardiovascular disease and all-
cause mortality in a general population.13

The impact of hemoconcentration on the risk of VTE in
a general population has, to our knowledge, not been
extensively investigated in prospective studies. We, there-
fore, wanted to examine whether hematocrit and related
hematologic variables, such as hemoglobin, RBC count
and mean corpuscular volume (MCV), were associated
with the incidence of VTE. To address these questions, we
performed a prospective, population-based study in
26,108 adults, followed for a median of 12.5 years, and
assessed the impact of hematocrit and related hematolog-
ic variables on the risk of VTE. 

Design and Methods

Study population
Participants were recruited from the fourth survey of the

Tromsø study (conducted in 1994-1995), a single-center prospec-
tive, population-based study, with repeated health surveys of
inhabitants in Tromsø, Norway. The main focus of the Tromsø
study is cardiovascular risk factors and disease. All inhabitants
aged over 24 years old were invited to participate, of whom
27,158 agreed to do so (77% of the eligible population). The study
was approved by the regional committee for research ethics, and
all participants gave their informed, written consent to participa-
tion. Subjects who did not consent to medical research (n=300)
and subjects not officially registered inhabitants of the municipal-
ity of Tromsø (n=43) were excluded from the study. Furthermore,
subjects with a known history of VTE (n=47), and subjects for
whom values of hematocrit, hemoglobin, RBC count, smoking
status, or body mass index (BMI) were lacking (n=660) were
excluded. A total of 26,108 subjects were enrolled in the study in
1994-1995, and all first lifetime events of VTE during the follow-
up were registered through to the end of the study period,
September 1st, 2007. 

Measurements
Baseline information was collected from physical examination,

blood samples, and self-administered questionnaires. Non-fasting
blood samples were collected from an antecubital vein, and ana-
lyzed at the Department of Clinical Chemistry, University
Hospital of North Norway. For measurements of hematocrit,
hemoglobin, RBC count, and MCV, 5 mL of blood were drawn
into Vacutainer tubes, containing EDTA as an anticoagulant (K3 –
EDTA 40 µL, 0.37 mol/L per tube), and analyzed within 12 h in an
automated blood cell counter (Coulter Counter®, Coulter
Electronics, Luton, UK). Body height and weight were measured,
with subjects wearing light clothing and no shoes. BMI was calcu-
lated as weight in kilograms, divided by the square of height in
meters (kg/m2). Information on current smoking was collected
from a self-administered questionnaire. The smoking questions
were “Do you smoke: cigarettes or cigars/cigarillos or a pipe
daily?” (Yes= yes to any of these questions, No = No to all of these
questions).

Records of venous thromboembolism
All first lifetime events of VTE were identified by searching the

hospital discharge diagnosis registry, the autopsy registry, and the
radiology procedure registry at the University Hospital of North
Norway, from date of enrollment in the Tromsø study, to
September 1st, 2007. The University Hospital of North Norway is
the only hospital in the region, and all hospital care and relevant
diagnostic radiology procedures in the Tromsø municipality are
provided exclusively by this hospital. The hospital discharge diag-
nosis registry includes records on both outpatient clinic visits and
inpatient hospital admissions. The relevant discharge codes were
ICD-9 codes 325, 415.1, 451, 452, 453, 671.3, 671.4, 671.9 for the
period 1994-1998 and ICD-10 codes I80.0-I80.3, I80.8, I80.9, I81,
I82.0-I82.3, I82.8, I82.9, I67.6, O22.3, O22.5, O87.1, O87.3, I26.0
and I26.9 for the period 1999-2007. An additional search through
the computerized index of autopsy diagnoses was conducted, and
cases diagnosed with VTE, either as a cause of death, or as a sig-
nificant condition, were identified. We also searched the radiolo-
gy database in order to identify cases of objectively confirmed
VTE that had been missed because of coding errors in the hospi-
tal discharge diagnosis registry. All relevant diagnostic procedures,
performed at the Department of Radiology to diagnose VTE dur-
ing the 13-year period, were systematically reviewed by trained
personnel and cases with objectively confirmed VTE were identi-
fied. 

The medical records for each potential case of VTE, derived
from the hospital discharge diagnosis registry, the autopsy reg-
istry, or the radiology procedure registry, were reviewed by
trained personnel. For cases identified from the hospital discharge
diagnosis registry and the radiology procedure registry, an episode
of VTE was verified and recorded as a validated outcome when all
four of the following criteria were fulfilled; (i) objectively con-
firmed by diagnostic procedures (compression ultrasonography,
venography, spiral computed tomography, perfusion-ventilation
scanning, pulmonary angiography or autopsy); (ii) the medical
record indicated that a physician had made a diagnosis of deep
vein thrombosis or pulmonary embolism; (iii) signs and symptoms
consistent with deep vein thrombosis or pulmonary embolism
were present; and (iv) the patient received therapy with anticoag-
ulants (heparin, warfarin, or a similar agent) or thrombolytics, or
underwent vascular surgery. For cases identified from the autopsy
registry, a venous thromboembolic event was recorded as an out-
come when the autopsy record indicated VTE as cause of death or
as a significant condition. 

A venous thromboembolic event was further classified as
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unprovoked or provoked, based on the presence of provoking fac-
tors at the time of the diagnosis of the VTE. A VTE occurring with-
out any provoking factor was defined as unprovoked, whereas a
VTE occurring in the presence of one or more provoking factors
was defined as provoked. The following were regarded as provok-
ing factors: recent surgery or trauma (within 8 weeks preceding
the event), an acute medical condition (acute myocardial infarc-
tion, acute ischemic stroke, major infectious disease), cancer,
marked immobilization (bed rest >3 days, wheelchair, long dis-
tance travel ≥4 h within the last 14 days), or other provoking fac-
tor specifically described by a physician in the medical records
(e.g. intravascular catheter).

Statistical analyses
For each participant, person-years of follow-up were accrued

from the date of enrollment in 1994-95 through to the date a
venous thromboembolic event was first diagnosed, the date the
participant died or moved from the municipality of Tromsø, or
through to the end of the study period, September 1st, 2007. 

Statistical analysis was carried out using SPSS version 15.0 (SPSS
Inc. Chicago, IL, USA). Cox-proportional hazards regression mod-
els were used to estimate hazard ratios, with 95% confidence
intervals (95% CI), for total (unprovoked + provoked) and unpro-
voked VTE. Hazard ratios for hematocrit, hemoglobin, RBC
count, and MCV were estimated in analyses adjusted for age, and
in a multivariable model including age, smoking, and BMI as
covariates. There were no statistical interactions between the
hematologic variables and gender. However, gender-specific
analyses were carried out for the sake of interest, because the nor-
mal ranges of hematocrit, hemoglobin, and RBC count are gener-
ally higher in men than in women.13 In order to explore the impact
of various levels of hematocrit and hemoglobin on the risk of total
VTE, hematocrit and hemoglobin were modeled into three inter-
vals representing the lowest 40th, the middle 40th and the highest
20th percentiles (hematocrit: <39, 39-41, and ≥42 % in women and
<43, 43-45, ≥46% in men; hemoglobin: <13.2, 13.2-14.0, ≥14.1
g/dL in women and <14.7, 14.7-15.5, ≥15.6 g/dL in men). In these
analyses, the lowest interval was used as the reference group. The
proportional hazard assumption was verified by evaluating the
parallelism between the curves of the log-log survivor function for
quartiles of the hematologic variables.

Results

There were 447 validated first venous thromboembolic
events during 282,494 person-years of follow-up (median
12.5 years). The overall crude incidence rate of VTE was
1.58 per 1,000 person-years. The baseline characteristics
of the men and women enrolled in the study are shown in
Table 1. 

The characteristics of the VTE patients at the time of
their venous thromboembolic event are shown in Table 2.
Sixty-four percent had deep vein thrombosis and 36% had
pulmonary embolism with or without concurrent deep
vein thrombosis. A total of 187 (42%) venous throm-
boembolic events were classified as unprovoked (Table 2).
Cancer was the most common provoking factor, and
23.3% of the VTE patients had active cancer at the time of
the diagnosis of VTE (Table 2). 

Hematocrit was significantly associated with an
increased risk of VTE (Table 3). A 5% increase in hemat-

ocrit resulted in an age-adjusted hazard ratio of total VTE
of 1.27 (95% CI: 1.01-1.60) in women, 1.46 (95% CI: 1.15-
1.84) in men, and 1.35 (95% CI: 1.17-1.55) in both genders
pooled together (Table 3). In men, the association
remained significant in the multivariable model adjusted
for age, smoking, and BMI (hazard ratio: 1.33, 95% CI:
1.05-1.70). When analyzing the related hematologic vari-
ables, hemoglobin and RBC count were significantly asso-
ciated with increased risk of VTE, whereas MCV did not
show any association with VTE (Table 3). For hemoglo-
bin, a 1 g/dL increase was associated with an age-adjusted
hazard ratio of total VTE of 1.16 (95% CI: 1.01-1.32) in
women, 1.23 (95% CI: 1.07-1.41) in men, and 1.19 (95%
CI: 1.09-1.29) in the total population. An increase in RBC
count of 0.5×1012/L resulted in a hazard ratio of total VTE
of 1.23 (95% CI: 1.02-1.48) in women and 1.29 (95% CI:
1.08-1.55) in men. When adjusted for age, smoking, and
BMI in the multivariable model, the hazard ratios for
hematocrit, hemoglobin, and RBC count were all slightly
attenuated, but remained statistically significant in men
and in both genders pooled together, whereas they were
no longer statistically significant in women only. A similar
tendency was apparent in separate analyses of unpro-
voked VTE. In these analyses, the estimated hazard ratios
were slightly higher than for total VTE, and hematocrit
and hemoglobin were significantly associated with unpro-
voked VTE in men and in the total population, but not in
women. No association was found between MCV and
either total or unprovoked VTE (Table 3). 

Crude incidence rates and age-adjusted hazard ratios for
total and unprovoked VTE by categories of hematocrit
and hemoglobin are shown in Table 4. The incidence rate
of total VTE increased across categories of hematocrit
from 1.11 to 2.57 per 1,000 in women, and from 1.47 to
1.90 in men. Women with a hematocrit of 42% or more
had an age-adjusted 1.51-fold higher risk of total VTE
(95% CI: 1.08-2.12) and 1.62-fold higher risk of unpro-
voked VTE (95% CI: 0.98-2.69) compared to women with
a hematocrit less than 39% (P for trend: 0.02 and 0.07,
respectively) (Table 4). Similarly, men with a hematocrit of
46% or more had a 1.54-fold higher risk of total VTE (95%
CI: 1.08-2.21) and 2.37-fold higher risk of unprovoked
VTE (95% CI: 1.36-4.15) compared to those with a hema-
tocrit less than 43% (P for trend: 0.01 and 0.002, respec-
tively). 
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Table 1. Baseline characteristics of subjects enrolled in the Tromsø
study 1994-95. 

Women Men
n=13714 n=12394

Age (years) 47±15 47±14
Smoking (current) 36.5 (4999) 37.4 (4635)
Body mass index (kg/m2) 24.8±4.2 25.6±3.3
Hematocrit (%) 39±3 43±3
Hemoglobin (g/dL) 13.3±1.0 14.8±0.9
Red blood cell count (10-12/L) 4.4±0.3 4.9±0.4
Mean corpuscular volume (fL) 88.7±4.5 88.8±3.8

Values are means with one standard deviation,or percentages with numbers in
brackets.



Similar patterns for risk of VTE were found for hemo-
globin. Women with a hemoglobin concentration of 14.1
g/dL or more had a 1.45-fold (95% CI: 1.05-2.00) higher
risk of total VTE compared to women with a hemoglobin
level less than 13.2 g/dL (P for trend: 0.03), and men with
a hemoglobin 15.6 g/dL or more had a 1.6-fold (95% CI:
1.14-2.24) higher risk of total VTE and 2.2-fold higher risk
of unprovoked VTE compared to men with whose hemo-
globin concentration was less than 14.7 g/dL (P for trend:
0.01 and 0.003, respectively) (Table 4). 

Discussion

The purpose of our prospective cohort study was to
investigate the impact of hematocrit and related hemato-
logic variables on the risk of VTE in a general population.
The risks of total and unprovoked VTE were significantly
associated with hematocrit in both continuous and cate-
gory-based analyses. Risk estimates were higher for men
than for women. In the multivariable model treating
hematocrit as a continuous variable, hematocrit remained
significant in men but not in women, suggesting that
hemorheological factors might contribute more to the risk
of VTE in men than in women. Similar findings were
found for hemoglobin and RBC count, whereas MCV was
not associated with VTE. In category-based analysis, men
and women whose hematocrit values were in the upper
20th percentile had a 1.5-fold higher risk of total VTE and
a 2.4-fold and 1.6-fold, respectively, higher risk of unpro-
voked VTE compared to subjects whose hematocrit was
in the lowest 40th percentile. Our findings suggest that
hematocrit is preferable to other related hematologic vari-
ables for assessing risk of VTE because of stronger risk
estimates in both genders.

The risk of VTE by hematocrit has not been extensively
examined in prospective studies of general populations.
The LITE study,14 a prospective cohort of 19,923 subjects
aged 45 years and above, which primarily investigated the
association between traditional cardiovascular risk factors
and VTE, found no increased risk of VTE by increasing ter-

tiles of either hematocrit or hemoglobin. However, the
cut-off levels for the highest tertile were 43.5% for hema-
tocrit and 14.5 g/dL for hemoglobin, and further levels of
these variables were not explored.14 In a small case-control
study by Vaya et al.,15 the proportion of subjects with a
hematocrit above 45% was significantly greater among
VTE cases than among healthy controls. 

Recent studies have suggested a link between VTE and
arterial cardiovascular disease.16-18 Whether this apparent
association is caused by sharing of common traditional
cardiovascular risk factors or through other yet unknown

Hemorheological factors and VTE

haematologica | 2010; 95(2) 273

Table 2. Characteristics of VTE patients (n= 447). The Tromsø study,
1994-2007. 

Women Men Total
(n=232) (n=215) (n=447)

Deep vein thrombosis 64.7 (150) 63.3 (136) 64.0 (286)
Pulmonary embolism 35.3 (82) 36.7 (79) 36.0 (161)
Unprovoked VTE 41.4 (96) 42.3 (91) 41.8 (187)
Clinical risk factors

Estrogens (HRT, OC) 14.2 (33) − 7.4 (33)
Heredity 3.0 (7) 1.9 (4) 2.5 (11)
Pregnancy 0.8 (2) − 0.4 (2)
Other medical condition* 24.6 (57) 18.6 (40) 21.7 (97)

Provoking factors
Surgery 18.1 (42) 15.8 (34) 17.0 (76)
Trauma 7.3 (17) 5.6 (12) 6.5 (29)
Acute medical condition 13.8 (32) 17.2 (37) 15.4 (69)
Cancer 24.1 (56) 22.3 (48) 23.3 (104)
Immobilization 17.7 (41) 16.3 (35) 17.0 (76)
(bed rest >3 days, wheelchair)
Other† 3.4 (8) 4.7 (10) 4.0 (18)

Values are percentages with numbers in brackets.HRT/OC: Hormone replacement 
therapy/oral contraceptives.*Other diseases within the previous year (myocardial
infarction, ischemic stroke,heart failure, inflammatory bowel disease, chronic
infections, chronic obstructive pulmonary disease or myeloproliferative disorders).
†Other provoking factor described in the medical record, (e.g intravascular catheter).

Table 3. Gender-specific hazard ratios (HR) with 95% confidence interval (CI) for total and unprovoked VTE. The Tromsø study 1994-2007.
Women Men Total

Age-adjusted Multivariable* Age-adjusted Multivariable* Age-adjusted Multivariable*
HR (95 % CI) HR (95 % CI) HR (95 % CI) HR (95 % CI) HR (95 % CI) HR (95 % CI)

TToottaall VVTTEE

Hematocrit (5 %) 1.27 (1.01-1.60) 1.11 (0.88-1.40) 1.46 (1.15-1.84) 1.33 (1.05-1.70) 1.35 (1.17-1.55) 1.25 (1.08-1.44)
Hemoglobin (g/dL) 1.16 (1.01-1.32) 1.07 (0.93-1.23) 1.23 (1.07-1.41) 1.17 (1.01-1.35) 1.19 (1.09-1.29) 1.13 (1.04-1.23)
RBC count (0.5×1012/L) 1.23 (1.02-1.48) 1.09 (0.90-1.32) 1.29 (1.08-1.55) 1.20 (1.00-1.45) 1.27 (1.13-1.42) 1.18 (1.05-1.33)
Mean corpuscular volume (5 fL) 0.96 (0.83-1.11) 0.98 (0.84-1.13) 1.04 (0.87-1.23) 1.06 (0.89-1.27) 1.00 (0.89-1.11) 1.02 (0.91-1.15)
UUnnpprroovvookkeedd VVTTEE

Hematocrit (5 %) 1.37 (0.96-1.96) 1.16 (0.81-1.67) 1.84 (1.29-2.64) 1.66 (1.15-2.41) 1.50 (1.21-1.87) 1.37 (1.10-1.71)
Hemoglobin (g/dL) 1.25 (1.01-1.54) 1.14 (0.92-1.41) 1.40 (1.13-1.73) 1.31 (1.05-1.63) 1.27 (1.12-1.44) 1.21 (1.06-1.37)
RBC count (0.5×1012/L) 1.24 (0.93-1.65) 1.06 (0.78-1.43) 1.44 (1.09-1.90) 1.30 (0.97-1.73) 1.32 (1.11-1.58) 1.20 (1.00-1.44)
Mean corpuscular volume (5 fL) 1.02 (0.81-1.28) 1.07 (0.84-1.36) 1.15 (0.88-1.49) 1.21 (0.93-1.58) 1.08 (0.91-1.29) 1.15 (0.96-1.37)

*Multivariable model adjusted for age, smoking,and BMI.



risk factors or mechanism(s) is unknown. Hematocrit lev-
els above the normal range are associated with increased
risk of both arterial and venous thrombosis.8-12 High levels
of hematocrit have also shown significant associations
with coronary heart disease in some studies of general
populations,19 implying that hematocrit, a factor that
affects hemorheology, might contribute to the observed
link between arterial and venous thrombosis.

Several studies support the concept that hematocrit has
an influence on hemostasis and thrombosis. Low hemat-
ocrit is associated with an increased risk of bleeding, and
this effect can be corrected by transfusion.7 Furthermore,
studies of thrombocytopenic patients have shown
improvement in bleeding times after transfusion, despite a
lack of increase in platelet count.20 Increased hematocrit
has been the only predictive factor of venous and arterial
thrombosis in subjects with polycythemia vera, whereas
high platelet counts and abnormal platelet function were
not significantly linked to polycythemia vera-associated
thrombosis.9,11,12 Rheological therapies, including compres-
sion devices21 and hemodilution with dextran,22 have been
shown to reduce the risk of deep vein thrombosis in
patients with polycythemia vera. 

Hematocrit is one of the major determinants of blood
viscosity,5 and increases in the hematocrit might favor clot
formation by increasing the residence time of circulating
platelets and coagulation factors adjacent to dysfunctional
endothelium. Furthermore, elevated hematocrit has been

shown to promote the transport of platelets towards the
vessel wall, thereby increasing the interaction with the
vasculature.23 Blood clotting is also dependent on the
velocity gradient at which the clotting takes place. The
influence of the hematocrit on blood viscosity increases
when the shear rate decreases.5,24 Under low-flow condi-
tions, such as in the venous system, increases in hemat-
ocrit may have a strong influence on blood flow and,
thereby, clinical outcome. 

RBC mass may also have a direct effect on thrombotic
mechanisms. A recent experimental study investigating
the effect of RBC on thrombin generation, showed that
the total amount of thrombin activity generated, and the
maximum concentration of thrombin achieved, was pro-
portional to the hematocrit.25 RBC may also take part in
thrombus formation by other mechanisms, such as stimu-
lation of platelet aggregation through ADP release,26-28 or
possibly through the exposure of phosphatidylserine.29

The main strengths of our study are its prospective
design, the large number of participants recruited from a
general population with high attendance rate, the long-
term follow-up, and the validation of the venous throm-
boembolic events. All hospital care and radiological imag-
ing in the region is provided exclusively by a single hospi-
tal, which enhances the possibility of a complete VTE reg-
istry. However, the study has some limitations.
Modifiable risk factors, such as hematocrit and related
hematologic variables, are a potential weakness of cohort

S.K. Braekkan et al.

274 haematologica | 2010; 95(2)

Table 4. Gender-specific crude incidence rates (IR) and age-adjusted hazard ratios (HR) with 95% confidence interval (CI), by levels of hemat-
ocrit and hemoglobin. The Tromsø study, 1994-2007.

Total VTE Unprovoked VTE
Person-years IR (95 % CI) HR (95 % CI) Person-years IR (95% CI) HR (95% CI)

HHeemmaattooccrriitt ((%%))

Women
<39 58337 1.11 (0.87-1.42) 1.00 58100 0.48 (0.33-0.70) 1.00
39-41 62442 1.49 (1.22-1.83) 1.12 (0.82-1.54) 62032 0.56 (0.41-0.79) 0.99 (0.60-1.63)
≥42 28776 2.57 (2.05-3.23) 1.51 (1.08-2.12) 28520 1.16 (0.82-1.63) 1.62 (0.98-2.69)
P for trend 0.02 0.07

Men
<43 47629 1.47 (1.16-1.86) 1.00 47290 0.49 (0.32-0.73) 1.00
43-45 57404 1.60 (1.31-1.97) 1.35 (0.98-1.84) 56999 0.72 (0.53-0.98) 1.81 (1.08-3.03)
≥46 27907 1.90 (1.45-2.49) 1.54 (1.08-2.21) 27741 0.97 (0.67-1.42) 2.37 (1.36-4.15)
P for trend 0.01 0.002

HHeemmoogglloobbiinn ((gg//ddLL))

Women
<13.2 61523 1.19 (0.94-1.49) 1.00 61246 0.51 (0.36-0.72) 1.00
13.2-14.0 56247 1.44 (1.16-1.79) 1.04 (0.76-1.42) 55892 0.54 (0.38-0.77) 0.91 (0.55-1.50)
≥14.1 31785 2.45 (1.97-3.06) 1.45 (1.05-2.00) 31513 1.11 (0.80-1.55) 1.58 (0.97-2.56)
P for trend 0.03 0.07

Men
<14.7 55015 1.58 (1.28-1.95) 1.00 54619 0.62 (0.44-0.87) 1.00
14.7-15.5 49935 1.46 (1.16-1.84) 1.14 (0.83-1.56) 49577 0.54 (0.37-0.79) 1.08 (0.65-1.79)
≥15.6 27990 1.96 (1.51-2.56) 1.60 (1.14-2.24) 27835 1.08 (0.75-1.54) 2.20 (1.34-3.61)
P for trend 0.01 0.003



studies, especially when the time between exposure and
disease manifestation is long. However, this type of non-
differential misclassification generally leads to underesti-
mation of the true associations. In our study, smoking was
assessed as a dichotomous variable (current smoker:
yes/no). Thus, we were unable to take into consideration
the potential dose-dependent effect of smoking on hema-
tocrit, and thereby unable to remove all possible con-
founding by smoking. Underlying medical conditions
such as lung, heart and kidney diseases can influence the
level of hematocrit. In our study, information on other
medical conditions was only available for those who
developed VTE. In men, the presence of other medical
conditions did not differ across various levels of hemat-
ocrit (data not shown). In women, the presence of other
medical conditions was slightly higher among those
whose hematocrit was in the upper 20th percentile. Since
there was no available clinical information on underlying
disease during follow-up in the reference group, we did
not have sufficient clinical information for the total popu-
lation to consider underlying disease as a possible cause of
high hematocrit and risk of thrombosis in detail. 

In conclusion, hematocrit and the related variables
hemoglobin and RBC count were identified as risk factors
for VTE in our prospective, population-based study. The
size of red blood cells, expressed as MCV, was not associ-
ated with VTE. Our findings may suggest that hematocrit
should be taken into consideration for risk assessment in
VTE. 
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