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Abstract

Background: Red cell distribution width (RDW) is a risk marker of venous thromboem-
bolism (VTE), myocardial infarction (Ml), stroke, and cancer. Due to interrelations be-
tween these diseases, the association between RDW and VTE may be explained by Ml,
stroke, or cancer.

Objective: To investigate whether the effect of RDW on VTE could be explained by
intermediate development of M, stroke, or cancer.

Methods: RDW was measured in 24 363 participants of the Tromsg Study in 1994-
1995. Incident VTE, M, stroke, and cancer were registered until December 31, 2010.
Conventional and cause-specific Cox-regression models were used to estimate hazard
ratios (HR) for VTE with 95% confidence intervals (Cl) across categories of RDW.
Results: There were 502 first VTEs during a median follow-up of 16 years. In conven-
tional Cox regression analysis, RDW in the highest quartile was associated with a 71%
(HR 1.71, 95% Cl 1.09-2.67) and 27% (HR 1.27, 95% Cl 0.88-1.85) higher risk of VTE
in men and women, respectively, compared to subjects in the lowest quartiles. The risk
of VTE among subjects with RDW in the highest quartile was similar for men and
women of postmenopausal age. In cause-specific analysis, where each individual con-
tributed with person-time until the first occurring event only, the risk estimates were
similar to those of the conventional Cox-regression analysis.

Conclusion: Our findings suggest that the association between RDW and future risk of

VTE is not explained by intermediate development of M, stroke, or cancer.
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Essentials

e Red cell distribution width (RDW) is associated with future risk of venous thromboembolism (VTE).

e Strong interrelations between RDW and other VTE-related diseases may explain this relationship.

e Cause-specific analyses were performed to asses risk estimates of VTE by RDW.

e The association between RDW and VTE was not explained by myocardial infarction, stroke, or cancer.

1 | INTRODUCTION

Red cell distribution width (RDW) is an easy accessible and inexpen-
sive measure of the variation in volume of circulating erythrocytes cal-
culated by most automated blood cell counters as part of the routine
blood cell count analysis.1 RDW and mean corpuscular volume (MCV)
have traditionally been used in a classification system for anemia.? High
RDW is seen in microcytic and macrocytic anemia, but can also result
from conditions that modify the red blood cells due to premature re-
lease of immature cells into the bloodstream such as hemoglobinopa-
thies, hemolysis or hemolytic anemia.® Growing evidence suggest that
RDW may have clinical applications for many disorders.* Recent meta-
analyses have reported associations between high RDW and future risk
of cardiovascular disease, heart failure, and all-cause mortality.s’7
Venous thromboembolism (VTE), including deep vein thrombosis and
pulmonary embolism, is a severe and potentially lethal disease, with se-
rious short and long-term complications. Previously, we® and others”'®
have reported an association between RDW and future risk of VTE. As
RDW is a numerical concept, it is likely to assume that the observed as-
sociations between RDW and various diseases are explained by under-
lying pathological mechanisms. However, the underlying explanation for
the association between RDW and VTE remains unsettled. A relation
between arterial thromboembolic diseases and risk of VTE has been re-
ported in several studies.*"* Moreover, cancer is associated with a four-
to sevenfold increased risk of VTE, and 15% of cancer patients develop
a symptomatic VTE during the course of their disease.r>*® We have re-
cently found associations between high RDW and carotid atherosclerosis
progression,*? as well as future risks of myocardial infarction (MI),2° isch-
emic stroke,?! and cancer? using data from the Tromsg Study. Given the
interrelation between these diseases and VTE, we hypothesized that the
observed association between RDW and VTE could be explained by in-
termediate development of cancer or arterial thromboembolic disorders.
In cause-specific analysis, failure time is calculated to the first occurring
disease, thereby eliminating the possibility that one disease alters the risk
of another. In order to explore whether the apparent association between
RDW and VTE could be explained by intermediate development of M,
stroke, or cancer, we conducted cause-specific analysis of the relation-
ship between RDW and VTE in a general adult population cohort with

follow-up information on all four disease outcomes.

2 | MATERIAL AND METHODS

2.1 | Study population

Study participants were recruited from the fourth (1994-1995)
survey of the Tromsg Study, where the entire population aged

225 years living in the municipality of Tromsg, Norway, were in-
vited to participate. The population is predominately Caucasians
of Norwegian origin, with no known sickle cell disease or thalas-
semia. A detailed description of the study design and population
has been published elsewhere.?® The regional committee of medi-
cal and health research ethics approved the study, and all subjects
gave their written consent to participate. A total of 27 158 persons
aged 25-97 years participated in the study. Persons who did not
give their written consent to medical research (n = 202), those not
officially registered as inhabitants of the municipality of Tromsg at
date of study enrolment (n = 41), persons with missing RDW meas-
urement (n = 632), persons with known VTE (n = 57), Ml (n = 728),
stroke (n = 302), or cancer (n = 682) before baseline were excluded.
Furthermore, we excluded persons diagnosed with cancer within
one year after baseline (n = 110) to avoid that the RDW measure-
ment could be influenced by an occult cancer. Accordingly, 24 363
participants were included in the study. Incident events of VTE,
MlI, stroke, and cancer were recorded from the date of enrolment
through the end of follow-up, December 31, 2010.

2.2 | Baseline measurements

Baseline information was collected by self-administered question-
naires, blood samples, and a physical examination in 1994-1995. For
measurement of blood cell variables (including RDW), 5 mL of blood
was drawn from an antecubital vein into a vacutainer tube containing
EDTA as an anticoagulant and analyzed within 12 hours in an auto-
mated blood cell counter (Coulter Counter, Coulter Electronics, Luton,
UK). RDW was calculated by dividing the standard deviation of MCV
by MCV and multiplying by 100 to express the result as a percentage.24
Height and weight were measured wearing light clothes and no shoes.
Body mass index (BMI) was calculated as weight in kilograms divided by
the square of height in meters (kg/m?). Information on smoking habits

was obtained from standard, self-administered questionnaires.

2.3 | Outcome ascertainment

The University Hospital of North Norway is the only hospital in the
region, and all diagnostic radiology and hospital care is provided exclu-
sively by this hospital. The hospital discharge diagnosis registry covers
both hospitalizations and outpatient clinic visits. Moreover, the unique
Norwegian national 11-digit identification number allowed linkage to
national and local diagnosis registries. The National Causes of Death
Registry covers all subjects registered as inhabitants of Norway at the
time of their death, without regard to whether the death took place

in Norway or abroad.
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All VTE events during follow-up were identified by searching the
hospital discharge diagnosis registry, the autopsy registry and the ra-
diology procedure registry at the University Hospital of North Norway.
Trained personnel reviewed the medical record for each potential case
of VTE. AVTE event was considered verified and recorded when pres-
ence of clinical signs and symptoms of DVT or PE were combined with
objective confirmation tests (by compression ultrasonography, venog-
raphy, spiral computed tomography, perfusion-ventilation scan, pul-
monary angiography, autopsy), and resulted in a VTE diagnosis that
required treatment, as previously described in detail.?> VTE cases from
the autopsy registry were recorded when the death certificate indi-
cated VTE as cause of death or a significant condition associated with
death.

All first-time events of MI were identified by linkage to the diag-
nosis registries at the University Hospital of North Norway and the
National Causes of Death Registry at Statistics Norway. Cases of pos-
sible incident nonfatal and fatal M| were identified by a broad search
for relevant International Classification of Diseases (ICD), 9th and 10th
revision codes. An independent end-point committee validated all
possible events of Ml based on a combination of signs and symptoms,
information from electrocardiograms, cardiac biomarkers and autopsy
reports, as previously described in detail.?°

Stroke was defined according to the World Health Organization
definition as rapidly developing clinical signs of focal or global distur-
bance of cerebral function, with symptoms lasting 24 hours or longer
or leading to death, and with no apparent cause other than vascular
origin. First-ever non-fatal and fatal strokes were identified by a search
for relevant ICD codes. An independent endpoint committee validated
all possible hospitalized and non-hospitalized stroke events, as previ-
ously described.?*

All cancer diagnoses in the Norwegian population are registered
in the Cancer Registry of Norway and information about cancer in the
cohort was obtained by linkage to the cancer registry using the unique
11-digit personal identification number. In a recent evaluation of the
data quality, the Cancer Registry of Norway had a completeness of
98.8% with 94% of the cases being histologically verified.2® The can-
cer registry provided information on the date of diagnosis, location of

disease, and cancer stage, as previously described.??

2.4 | Statistical analyses

Statistical analyses were performed with STATA version 13.0 (Stata
Corporation, College Station, TX, USA). Participants were categorized
into quartiles based on the distribution of baseline RDW. An addi-
tional cut-off point was established at the 95th percentile of RDW.
Age-adjusted baseline characteristics according to quartiles of RDW
were assessed by analyses of variance (ANOVA).

For conventional analysis of the association between RDW and
VTE, person-time of follow-up was calculated from the date of en-
rolment (1994/1995) to the date of an incident VTE diagnosis, to
the date when the participant died or moved from the municipality
of Tromsg, or to the end of the study period (December 31, 2010),
whichever came first. For the cause-specific analysis, person time was
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calculated from the date of enrolment to the date of the first occurring
diagnosis of VTE, M, stroke, or cancer, to the date when the partic-
ipant died or moved from Tromsg, or to the end of the study period,
whichever came first. Crude incidence rates (IR) with 95% confidence
intervals (Cl) were calculated and expressed as number of events per
1000 person-years at risk. Cox proportional hazard regression models
were used to obtain crude and multivariable adjusted hazard ratios
(HR) with 95% CI for VTE according to RDW quartiles. The lowest
RDW quartile was used as reference category in the Cox models, and
age was used as timescale. The multivariable model included BMI,
smoking, white blood cell count and hemoglobin. The proportional
hazards assumption was tested by Schoenfeld residuals, and no vio-
lation was found.

Premenopausal women are prone to iron deficiency anemia, which
might cause elevated RDW without other underlying causes.?*?’
Therefore, we divided the female cohort into two age groups using

f.28 This cut-off age was chosen because

the age of 55 years as cut-of
most women have completed the menopausal transition by the age
of 55.28 Cox regression analysis were used to calculate conventional
and cause-specific HRs of VTE for those with RDW levels in the upper
population-based quartile compared with those with RDW in the three
lower quartiles. The lower quartiles were combined in order to main-
tain statistical power despite a significant reduction of VTE events in
the subgroup analysis. Finally, conventional and cause-specific HRs
were calculated after stratification on anemia (defined as hemoglobin

levels <12.0 g/dL in women and <13.0 g/dL in men).

3 | RESULTS

Mean RDW levels were 12.8% in men and 12.9% in women. The mean
age of participants increased across increasing quartiles of RDW. Age-
adjusted characteristics across quartiles of RDW, as well as above the
95th percentile, are shown in Table 1. The mean white blood cell
count and proportion of smokers and subjects with anemia increased
with higher categories of RDW, whereas the mean hemoglobin con-
centration decreased. The proportion of subjects with anemia was
higher in women than in men in all RDW categories while the pro-
portion of smokers showed a more pronounced increase across RDW
quartiles in men than in women.

In total, there were 502 incident VTEs (IR 1.5 per 1000 person-
years), 1612 Mils (IR 4.8 per 1000 person-years), 956 strokes (IR 2.9
per 1000 person-years), and 2144 cancers (IR 6.6 per 1000 person-
years) during a median follow-up time of 16.0 years (total follow-up
time: 328 732 person-years). IRs and hazard ratios of VTE according
to quartiles of RDW are shown in Table 2. As expected, the num-
ber of events and IRs was lower in the cause-specific analyses com-
pared to the conventional analyses. Moreover, the total follow-up
time decreased to 311 467 person-years. The IRs increased across
increasing quartiles of RDW in men and women. Similar to previous
1’indings,8’10 subjects with RDW in the highest quartile had increased
risk of VTE compared to those in the lowest quartile (HR 1.43, 95%
Cl 1.08-1.91). The risk increased further for study participants with
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TABLE 1 Age-adjusted baseline characteristics of the study population (n = 24 363) by quartiles (Q) and above the 95th percentile (pct) of
red cell distribution width (RDW) stratified by gender. Values are given as percentages with absolute numbers in brackets or as means + one

standard deviation

RDW Q1 Q2

Men
N 2933 3120
RDW range (%) 11.0-12.3 12.4-12.7
Age (years) 39+11 43 +12
BMI (kg/m? 25.5+3.5 25.6+3.7
Smoking (%) 26.1(836) 33.9 (1095)
Hemoglobin (g/dL) 149 +1.1 149 +1.1
WBC (107/L) 6.7+1.8 70+2.1
Anemia (%)? 1.5 (24) 1.4(31)

Women
N 3392 3264
RDW range (%) 10.7-12.3 12.4-12.7
Age (years) 41 +13 45+ 14
BMI (kg/m? 244 +35 247 +3.7
Smoking (%) 31.0(1 124) 34.3 (1 136)
Hemoglobin (g/dL) 135+1.1 134 +£1.1
WBC (10°/L) 7.0+ 1.8 71+21
Anemia (%)* 2.5(118) 3.6 (120)

BMI, body mass index; WBC, white blood cell count.

Q3 Q4 Above 95th pct
3015 2334 368
12.8-13.2 13.3-30.5 14.3-30.5
46 +13 53+14 60+ 14
255+3.9 255+4.2 25244
40.7 (1212) 55.1(1188) 57.7 (183)
148+1.1 146+ 1.4 141+17
7.1+£20 7.6+21 78+21
1.6 (53) 5.4 (155) 18.1 (76)
3136 3169 855
12.8-13.2 13.3-24.5 14.3-24.5
48 £ 15 50+ 16 47 + 15
24.8+3.9 250+4.2 25.1+4.4
41.7 (1 276) 42.5(1277) 37.0(314)
134 +1.1 129+14 122 +1.7
7.3+20 73+21 70+21
5.6 (158) 17.1 (524) 38.5(332)

#Anemia defined as hemoglobin levels <12.0 g/dL in females and <13.0 g/dL in men.

RDW above the 95th percentile (RDW > 14.3%) (Table 2). The as-
sociation between RDW and risk of VTE was stronger in men than
in women. In the cause-specific analysis, subjects with RDW in the
highest quartile had a 54% (HR 1.54, 95% Cl 1.09-2.18) higher risk
of VTE compared to subjects with RDW in the lowest quartile. As in
the conventional analysis, the risk increased further in subjects with
RDW above the 95th percentile (Table 2). In sex-stratified analyses,
the cause-specific risk estimates were essentially identical to those
in the conventional analysis, as the HR for men in the highest RDW
quartile versus men in the lowest quartile was 1.74 and 1.71, re-
spectively (Table 2).

In subgroup analysis, women of postmenopausal age (255 years)
had similar risk of VTE as men (Table 3), as those with RDW in the
highest quartile had a 37% higher risk of VTE (HR 1.37, 95% CI 1.01-
1.86) compared to those with RDW in the three lower quartiles. In
contrast, women younger than 55 years had no increased risk of VTE
(HR upper quartile vs. quartile 1-3: 1.07, 95% CI 0.65-1.74) by RDW.
The results in the cause-specific analysis did not differ from those in
the conventional analysis. Subjects with anemia and high RDW had
no increased risk of VTE (HR quartile 4 vs. quartile 1-3: 0.68, 85%
Cl 0.21-2.20) (Table S1), whereas subjects without anemia had similar
risk of VTE as the entire cohort (HR quartile 4 vs. quartile 1-3: 1.36,
95% Cl 1.12-1.65). Similar results were found in the cause-specific
analysis of subjects with and without anemia (Table S1). However, the
latter results must be interpreted with caution since there were only

13 cases of VTE among subjects with anemia.

4 | DISCUSSION

In this large, population-based cohort study, we found no evidence
that the association between RDW and VTE is explained by inter-
mediate development of MI, stroke, or cancer. In the cause-specific
analysis, where each individual contributed with person-time until
the first occurring event of arterial thrombosis, cancer, or VTE, the
risk estimates for VTE were essentially similar to the results from the
conventional Cox-analysis. Moreover, subgroup analysis of women of
pre- and postmenopausal age, as well as subjects without and with
anemia, showed no difference in risk of VTE between conventional
and cause-specific analysis. These findings suggest that RDW was
associated with VTE regardless of intermediate development of M,
stroke, or cancer. The association between RDW and VTE was similar
in men and women of postmenopausal age, whereas no association
was found between RDW and VTE in women of premenopausal age
or in subjects with anemia.

RDW is calculated from the mean corpuscular volume and is a nu-
merical concept. Hence, the increased variation in red blood size is
likely due to some underlying condition(s).

The mechanisms underlying the observed association between
RDW and VTE remain unsettled, but increased RDW is associated
with several biological and metabolic imbalances related to various
diseases.* Inflammation and oxidative stress might alter iron me-

tabolism, decrease the life span of red cells, and modulate the bone
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TABLE 2 Incidence rates (Irs) and hazard ratios (HRs) with 95% confidence intervals (Cis) for venous thromboembolism (VTE) by quartiles
and above the 95th percentile (pct) of red cell distribution with (RDW) in all subjects and after gender stratification. In conventional analysis,

person-time of follow-up was calculated from the date of enrolment (1994/1995) to the date of an incident VTE diagnosis, to the date when
the participant died or moved from the municipality of Tromsg, or to the end of the study period (December 31, 2010), whichever came first.
For the cause-specific analysis, person time was calculated from the date of enrolment to the date of the first occurring diagnosis of VTE, Ml,

stroke, or cancer, to the date when the participant died or moved from Tromsg, or to the end of the study period, whichever came first

Conventional analysis Cause-specific analysis
RDW Events IR?* (95% Cl) HR® (95% Cl) Events IR?* (95% Cl) HR® (95% Cl)
All subjects
Quartile 1 74 0.9 (0.7-1.1) Reference 52 0.6 (0.5-0.8) Reference
Quartile 2 114 1.3(1.1-1.6) 1.11 (0.83-1.49) 82 1.0(0.8-1.2) 1.20(0.85-1.71)
Quartile 3 134 1.6 (1.4-1.9) 1.11(0.83-1.48) 88 1.1(0.9-1.4) 1.14 (0.80-1.62)
Quartile 4 180 2.5(2.2-2.9) 1.43(1.08-1.91) 118 1.8(1.5-2.1) 1.54 (1.09-2.18)
>95th pct 43 2.8(2.1-3.8) 1.92(1.28-2.87) 26 1.8(1.3-2.7) 1.96(1.19-3.25)
Men
Quartile 1 30 0.8 (0.5-1.1) Reference 22 0.6 (0.4-0.9) Reference
Quartile 2 48 1.1(0.8-1.5) 1.16 (0.73-1.84) 32 0.8 (0.6-1.1) 1.13(0.65-1.95)
Quartile 3 65 1.6 (1.2-2.0) 1.34 (0.86-2.09) 49 1.3(1.0-1.7) 1.54 (0.92-2.57)
Quartile 4 81 2.8(2.2-3.5) 1.71(1.09-2.67) 48 1.9 (1.4-2.5) 1.74 (1.01-3.00)
>95th pct 18 4.7 (2.9-7.4) 2.30(1.21-4.37) 9 2.8(1.4-5.3) 2.15(0.92-5.04)
Women
Quartile 1 44 1.0(0.7-1.3) Reference 30 0.7 (0.5-1.0) Reference
Quartile 2 66 1.5(1.2-1.9) 1.07(0.73-1.57) 50 1.2(0.9-1.5) 1.24(0.79-1.96)
Quartile 3 69 .6 (1.3-2.0) 0.95 (0.64-1.39) 39 1.0(0.7-1.3) 0.85(0.52-1.38)
Quartile 4 99 3(1.9-2.9) 1.27(0.88-1.85) 70 1.8(1.4-2.2) 1.41(0.90-2.22)
>95th pct 25 2(1.5-3.2) 1.74 (1.03-2.93) 17 1.6 (1.0-2.5) 1.88 (1.00-3.56)

?Incidence rates are per 1000 person-years.
PMultivariable model: Sex, body mass index, smoking status, white blood cell count, and hemoglobin levels at baseline. Age is time-scale.

TABLE 3 Number of VTE events and multivariable-adjusted hazard ratios (HRs) with 95% confidence intervals (Cls) for venous
thromboembolism (VTE), by quartiles (Q) of red cell distribution width (RDW). Stratified on gender and age 55 (women only). In conventional
analysis, person-time of follow-up was calculated from the date of enrolment (1994/95) to the date of an incident VTE diagnosis, to the date
when the participant died or moved from the municipality of Tromsg, or to the end of the study period (December 31, 2010), whichever came
first. For the cause-specific analysis, person time was calculated from the date of enrolment to the date of the first occurring diagnosis of VTE,
myocardial infarction (M), stroke or cancer, to the date when the participant died or moved from Tromsg, or to the end of the study period,
whichever came first

RDW VTE events Conventional analysis HR (95%Cl) Cause-specific analysis HR (95%Cl)
Men
Q1-3 143 Reference Reference
Q4 81 1.41 (1.04-1.89) 1.36 (0.94-1.97)
Women
Age < 55
Q1-3 68 Reference Reference
Q4 23 1.07 (0.65-1.74) 1.04 (0.58-1.88)
Age > 55
Q1-3 111 Reference Reference
Q4 76 1.37 (1.01-1.86) 1.56 (1.07-2.25)

Multivariable model: Body mass index, smoking status, white blood cell count, and hemoglobin levels at baseline. Age is time-scale.
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marrow’s response to erythropoietin.??** RDW is positively correlated
with inflammation markers such as high sensitivity C-reactive protein
(hs-CRP), interleukin-6 and sTNF—receptor.31’32 However, studies on
the association between inflammation markers and risk of VTE have

been inconsistent,>3*

and in our study, adjustment for white blood
cell count did not alter the results. RDW is inversely associated with
red blood cell deformability,®> which may lead to erythrocyte aggrega-
tion and altered blood viscosity.%° In turn, this may promote thrombo-
sis.%’ However, there are no studies on the direct effect of RDW on
blood viscosity or the rheological properties of blood.

In the present study, we found no association between RDW and
VTE in women of premenopausal age, while women of postmenopausal
age had similar risk as men. Previous studies have shown a strong asso-
ciation between RDW and iron deficiency anemia.?*%® Moreover, iron
deficiency has recently been associated with increased risk of VTE re-
currence,”? and anemia might be associated with risk of cerebral venous
thrombosis.*® However, a recent case-control study found no associa-
tion between anemia and pulmonary embolism.** Moreover, the pro-
portion of women with anemia was reported to be considerably higher
in those of premenopausal age than in those of postmenopausal age in
our cohort.?? In the present study, we found no association between
RDW and risk of VTE in subjects with anemia. These findings indicate
that conditions other than anemia that causes high RDW are more likely
to explain the link between high RDW and risk of VTE. Future studies
are warranted to explore possible underlying mechanisms.

Major strengths of our study include the clear temporal sequence
between exposure and outcomes, the large number of participants
recruited from a general population, the long-term follow-up and the
well-assessed information on RDW and potential confounders. The
high attendance rate reduces the risk of selection bias and makes
the study population likely to be representative for the general popu-
lation. Since there is only one hospital providing radiological imaging
and hospital care (both in and out-patients) in the region, the chance
of missed outcome events in our study is low. Moreover, the Cancer
Registry of Norway is considered a complete and valid registry.26
Some limitations of the study need to be addressed. The RDW was
measured at baseline only, and could possibly have changed during
the relatively long follow-up. However, this type of non-differential
misclassification generally leads to underestimation of true associa-
tions. Underlying medical conditions such as lung, heart, kidney and
inflammatory diseases may potentially influence RDW. Unfortunately,
we did not have information on all these conditions at baseline, and
residual confounding can therefore not be completely ruled out.

In conclusion, our findings suggest that the association between
RDW and future risk of VTE could not be explained by intermediate
development of arterial thromboembolic conditions or cancer. Future
studies are warranted to elucidate the underlying pathological mecha-
nisms for the association between RDW and risk of VTE.

AUTHOR CONTRIBUTIONS

TSE analyzed the data and drafted the manuscript. JL, TS, EBM and
IN interpreted the results and revised the manuscript. SKB and JBH

designed the study, contributed with data collection, and revised the
manuscript. All authors read and approved the final version of the

manuscript.

ACKNOWLEDGEMENT

The study has used data from the Cancer Registry of Norway. The
interpretation and reporting of these data are the sole responsibil-
ity of the authors, and no endorsement by the Cancer Registry of
Norway is intended nor should be inferred. K.G. Jebsen TREC is
supported by an independent grant from Stiftelsen Kristian Gerhard
Jebsen.

RELATIONSHIP DISCLOSURE

None of the authors have any disclosures relevant to this paper.

REFERENCES

1. Buttarello M, Plebani M. Automated blood cell counts: state of the
art. Am J Clin Pathol. 2008;130:104-16.

2. Bessman JD, Gilmer PR Jr, Gardner FH. Improved classification of
anemias by MCV and RDW. Am J Clin Pathol. 1983;80:322-6.

3. Rodak B. Hematology: clinical principles and applications. St. Louis,
MO: Saunders, Elsevier; 2007.

4. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G. Red blood cell dis-
tribution width: a simple parameter with multiple clinical applications.
Crit Rev Clin Lab Sci. 2015;52:86-105.

5. Huang YL, Hu ZD, Liu SJ, et al. Prognostic value of red blood cell
distribution width for patients with heart failure: a system-
atic review and meta-analysis of cohort studies. PLoS ONE.
2014;9:e104861.

6. Su C, Liao LZ, Song Y, Xu ZW, Mei WY. The role of red blood cell
distribution width in mortality and cardiovascular risk among patients
with coronary artery diseases: a systematic review and meta-analysis.
J Thorac Dis. 2014;6:1429-40.

7. Patel KV, Semba RD, Ferrucci L, et al. Red cell distribution width and
mortality in older adults: a meta-analysis. J Gerontol A Biol Sci Med
Sci. 2010;65:258-65.

8. Ellingsen TS, Lappegard J, Skjelbakken T, Braekkan SK, Hansen JB.
Red cell distribution width is associated with incident venous throm-
boembolism (VTE) and case-fatality after VTE in a general population.
Thromb Haemost. 2015;113:193-200.

9. Rezende SM, Lijfering WM, Rosendaal FR, Cannegieter S.
Hematological variables and venous thrombosis: red cell distribution
width and blood monocytes are associated with an increased risk.
Haematologica. 2014;99:194-200.

10. Zoller B, Melander O, Svensson P, Engstrom G. Red cell distribution
width and risk for venous thromboembolism: a population-based co-
hort study. Thromb Res. 2014;133:334-9.

11. Sorensen HT, Horvath-Puho E, Pedersen L, Baron JA, Prandoni P.
Venous thromboembolism and subsequent hospitalisation due to
acute arterial cardiovascular events: a 20-year cohort study. Lancet.
2007;370:1773-9.

12. Lind C, Flinterman LE, Enga KF, et al. Impact of incident venous
thromboembolism on risk of arterial thrombotic diseases. Circulation.
2014;129:855-63.

13. Sorensen HT, Horvath-Puho E, Sogaard KK, et al. Arterial cardiovas-
cular events, statins, low-dose aspirin and subsequent risk of venous
thromboembolism: a population-based case-control study. J Thromb
Haemost. 2009;7:521-8.



ELLINGSEN ET AL.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Sgrensen HT, Horvath-Puho E, Lash TL, et al. Heart disease may be a
risk factor for pulmonary embolism without peripheral deep venous
thrombosis. Circulation. 2011;124:1435-41.

Agnelli G, Verso M. Thrombosis and cancer: clinical relevance of a
dangerous liaison. Haematologica. 2005;90:154-6.

Heit JA, Silverstein MD, Mohr DN, Petterson TM, O’Fallon W, Melton
L lll. Risk factors for deep vein thrombosis and pulmonary embo-
lism: a population-based case-control study. Arch Internal Med.
2000;160:809-15.

Cronin-Fenton DP, Sondergaard F, Pedersen LA, et al. Hospitalisation
for venous thromboembolism in cancer patients and the general pop-
ulation: a population-based cohort study in Denmark, 1997-2006. Br
J Cancer. 2010;103:947-53.

Timp JF, Braekkan SK, Versteeg HH, Cannegieter SC. Epidemiology of
cancer-associated venous thrombosis. Blood. 2013;122:1712-23.
Lappegard J, Ellingsen TS, Vik A, et al. Red cell distribution width
and carotid atherosclerosis progression. The Tromso Study. Thromb
Haemost. 2015;113:649-54.

Skjelbakken T, Lappegard J, Ellingsen TS, et al. Red cell distribution
width is associated with incident myocardial infarction in a general
population: the Tromso Study. J Am Heart Assoc. 2014;3:e001109.
Lappegard J, Ellingsen TS, Skjelbakken T, et al. Red cell distribution
width is associated with future risk of incident stroke. The Tromso
Study. Thromb Haemost. 2016;115:126-34.

Ellingsen TS, Lappegard J, Skjelbakken T, Braekkan SK, Hansen J-B.
Impact of red cell distribution width on future risk of cancer and
all-cause mortality among cancer patients - the Tromsg Study.
Haematologica. 2015;100:e387-9.

Jacobsen BK, Eggen AE, Mathiesen EB, Wilsgaard T, Njolstad I. Cohort
profile: the Tromso Study. Int J Epidemiol. 2012;41:961-7.

Evans TC, Jehle D. The red blood cell distribution width. J Emerg Med.
1991;9(Suppl 1):71-4.

Braekkan SK, Borch KH, Mathiesen EB, Njolstad I, Wilsgaard T,
Hansen JB. Body height and risk of venous thromboembolism: the
Tromso Study. Am J Epidemiol. 2010;171:1109-15.

Larsen IK, Smastuen M, Johannesen TB, et al. Data quality at the
Cancer Registry of Norway: an overview of comparability, complete-
ness, validity and timeliness. Eur J Cancer. 2009;45:1218-31.
Skjelbakken T, Langbakk B, Dahl IMS, Lachen M-L. Haemoglobin and
anaemia in a gender perspective: the Tromsg Study. Eur J Haematol.
2005;74:381-8.

McKinlay SM, Brambilla DJ, Posner JG. The normal menopause tran-
sition. Maturitas. 1992;14:103-15.

Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med.
2005;352:1011-123.

Ghaffari S. Oxidative stress in the regulation of normal and neoplastic
hematopoiesis. Antioxid Redox Signal. 2008;10:1923-40.

Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G, Guidi GC.
Relation between red blood cell distribution width and inflammatory

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

L] m
research & practice X
in thrombosis & haemostasis

biomarkers in a large cohort of unselected outpatients. Arch Pathol
Lab Med. 2009;133:628-32.

Forhecz Z, Gombos T, Borgulya G, Pozsonyi Z, Prohaszka Z, Janoskuti
L. Red cell distribution width in heart failure: prediction of clinical
events and relationship with markers of ineffective erythropoie-
sis, inflammation, renal function, and nutritional state. Am Heart J.
2009;158:659-66.

Hald EM, Braekkan SK, Mathiesen EB, et al. High-sensitivity C-
reactive protein is not a risk factor for venous thromboembolism: the
Tromso study. Haematologica. 2011;96:1189-94.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-Reactive protein and
other markers of inflammation in the prediction of cardiovascular dis-
ease in women. N Engl J Med. 2000;342:836-43.

Patel KV, Mohanty JG, Kanapuru B, Hesdorffer C, Ershler WB, Rifkind
JM. Association of the red cell distribution width with red blood cell
deformability. Adv Exp Med Biol. 2013;765:211-6.

Vaya A, Suescun M. Hemorheological parameters as independent
predictors of venous thromboembolism. Clin Hemorheol Microcirc.
2013;53:131-41.

Yu FT, Armstrong JK, Tripette J, Meiselman HJ, Cloutier G. A local in-
crease in red blood cell aggregation can trigger deep vein thrombosis:
evidence based on quantitative cellular ultrasound imaging. J Thromb
Haemost. 2011;9:481-8.

Roberts GT, El Badawi SB. Red blood cell distribution width index in
some hematologic diseases. Am J Clin Pathol. 1985;83:222-6.
Potaczek DP, Jankowska EA, Wypasek E, Undas A. Iron deficiency: a
novel risk factor of recurrence in patients after unprovoked venous
thromboembolism. Pol Arch Med Wewn. 2016;126:159-65.
Coutinho JM, Zuurbier SM, Gaartman AE, et al. Association between
anemia and cerebral venous thrombosis—Case-control study. Stroke.
2015;46:2735-40.

Harringa JB, Bracken RL, Nagle SK, et al. Anemia is not a risk factor for
developing pulmonary embolism. Am J Emerg Med. 2017;35:146-9.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the sup-

porting information tab for this article.

How to cite this article: Ellingsen TS, Lappegard J, Skjelbakken
T, et al. The association between red cell distribution width
and venous thromboembolism is not explained by myocardial
infarction, stroke, or cancer. Res Pract Thromb Haemost.
2018;00:1-7. https://doi.org/10.1002/rth2.12073



https://doi.org/10.1002/rth2.12073

ELLINGSEN et al CAUSE-SPECIFIC RISK OF VTE BY RDW

Supplementary table 1: Number of events and multivariable-adjusted hazard ratios (HRs)
with 95% confidence intervals (CIs) for venous thromboembolism (VTE), by quartiles of red
cell distribution width (RDW). Stratified on presence of anemia* at baseline. In conventional
analysis, person-time of follow-up was calculated from the date of enrolment (1994/95) to the
date of an incident VTE diagnosis, to the date when the participant died or moved from the
municipality of Tromsg, or to the end of the study period (December 31, 2010), whichever
came first. For the cause-specific analysis, person time was calculated from the date of
enrolment to the date of the first occurring diagnosis of VTE, M, stroke or cancer, to the date
when the participant died or moved from Tromsg, or to the end of the study period, whichever
came first.

RDW VTE events Conventional analysis HR  Cause-specific analysis HR

(95% CI) (95% CI)
Non-anemic subjects
Q1-3 317 Reference Reference
Q4 172 1.36 (1.12-1.65) 1.41 (1.11-1.79)
Anemic subjects
Q1-3 5 Reference Reference
Q4 8 0.68 (0.21-2.20) 0.60 (0.12-3.08)

Multivariable model: Sex, body mass index, smoking status, white blood cell count, and
hemoglobin levels at baseline. Age is time-scale
* Anemia defined as hemoglobin levels <12.0 g/dL in females and <13.0 g/dL in men
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