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Abstract

Introduction—There are conflicting results whether elevated hematocrit is associated with an
increased risk of thromboembolic events in individuals without polycythemia vera. To assess the
risk of vascular events in relation to hemoglobin concentration, we conducted a large population-
based cohort study based on Scandinavian health registers.

Materials and Methods—We included 1,538,019 Swedish and Danish blood donors between

1987 and 2012. Hazard ratios (HRs) of arterial and venous thrombosis were estimated using Cox
regression. Additionally, we fitted person-stratified models where each donor was compared only
to him-/herself.

Results—The risk of myocardial infarction and ischemic stroke increased with higher
hemoglobin concentration in both men and women. The HRs for myocardial infarction and
ischemic stroke in men with hemoglobin concentration =17.5g/dL were 3.52 (95% confidence
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interval [CI], 2.85-4.36) and 2.36 (95% CI, 1.63-3.43), respectively, compared to the reference
group. The corresponding HRs for women with hemoglobin concentration =16.0 g/dL were 3.22
(2.12-4.89) and 2.35 (1.37-4.02) for myocardial infarction and ischemic stroke, respectively. The
risk of venous thrombosis was highest in men with subnormal hemoglobin concentration (<13.0g/
dL), HR 1.69 (95% ClI, 1.40-2.04). In the person-stratified model, the association between
elevated hemoglobin concentration and risk of myocardial infarction was attenuated but remained
significant.

Conclusions—In this large cohort of Scandinavian blood donors, elevated hemoglobin
concentration was associated with an increased risk of vascular events, primarily arterial events.
Even though associations were weakened when each person served as their own control, a high
hemoglobin concentration may serve as a cardiovascular risk marker.
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Introduction

In patients with polycythemia vera (PV), there is a clear relationship between elevated
hemoglobin concentration or elevated hematocrit and risk of thromboembolic events.[1] In
PV, the abundance of red cells, activated leukocytes and platelets, as well as a
hypercoagulative state contribute to the increased risk of thrombosis.[1-3] Whether an
elevated hemoglobin concentration in individuals without PV, and thus presumably without
PV-related procoagulative changes, is associated with an increased risk of vascular events is
less clear. Several authors have reported increased risks of both arterial thrombosis and
venous thrombosis in individuals with elevated hematocrit in large prospective cohort
studies.[4-11] For example, Wannamethee et al. reported that men with an elevated
hematocrit >50% were at a 2.5—fold higher risk of ischemic stroke and Kunnas et al.
reported that a hematocrit of > 50% was an independent risk factor for cardiovascular
disease and was also associated with a poorer overall survival. [5-12] Overall, results from
previous studies are conflicting and elevated hematocrit has not always been found to be an
independent risk factor for arterial or venous vascular events.[6, 7, 13] To elucidate whether
an elevated hemoglobin concentration is associated with an increased risk of thrombosis also
in relatively healthy individuals, we assessed thrombatic risks in relation to hemoglobin
concentration in over 1.5 million Swedish and Danish blood donors.

Materials and Methods

Data sources and study design

The study is based on the Scandinavian donations and transfusions (SCANDAT?2) database,
which contains all electronically recorded data on blood donors, donations, blood
transfusions, and transfused patients in Sweden and Denmark since 1968 and 1982,
respectively.[14] Hemoglobin concentration is routinely measured at each donation and the
database holds information on more than 25 million hemoglobin measurements for a total of
1.6 million blood donors. The database, and its contents, has been described in detail
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previously.[14] Using unique national registration numbers that are assigned to all
inhabitants of both countries, the database has been linked with the respective country’s
nationwide Patient Registers (inpatient care throughout follow-up and outpatient care since
2001 and 1995 in Sweden and Denmark, respectively), Cause of Death Registers, and
Cancer Registers.[15-18]

We conducted a register-based cohort study among all blood donors who had performed at
least one whole blood, plasma, or platelet donation in or after 1987. The analyses were
restricted to this time period as the Swedish Patient Register reached nationwide coverage
this year. Donors were followed for the occurrence of myocardial infarction (coded
according to the international classification of disease [ICD] revision 8: 410; revision 9: 410
or revision 10: 121 or 122), ischemic stroke (ICD-8: 433 or 434; ICD-9: 434 or 435; and
ICD-10: 163) or VTE (ICD-8: 450 or 451.00; ICD-9: 415.1 or 451.1; ICD-10: 126, 180.1, or
180.2), recorded in the Swedish and Danish Patient and Cause of Death Registers. Donors
with a previous vascular event were excluded, as were donors with a previously known
myeloproliferative neoplasm (MPNSs, ICD-7: 207.9, 208 or 209; ICD-10: D45, D47.1,
D47.3, D47.4), as ascertained using the respective country’s Cancer Register. To limit the
influence of the known association between elevated hemoglobin concentration seen in
MPN and risk of vascular events, we censored individuals with an incident MPN diagnosis.
The MPN diagnosis date was antedated two years to account for possible diagnostic delay.

Follow-up was extended from the first donation after January 1st 1987 until date of first
vascular event (of any type), death, emigration, or end of follow-up (December 31st, 2012).
Because the relevance of a given hemoglobin measurement can be assumed to decrease with
time since that measurement, follow-up was terminated after two years of no additional
donation activity (i.e. with no additional hemoglobin measurements). For donors who began
donating again after at least two years of no donations, follow-up was resumed.

Statistical analyses

First, a standard model was performed where the relative rates of vascular events —
expressed as hazard ratios [HR] — comparing donors with different hemoglobin
concentrations, were estimated using Cox proportional hazards regression, with time-
dependent covariates. The standard model, which did not account for the fact that the
repeated hemoglobin concentration measurements were from the same individuals, included
parameters for most recent hemoglobin concentration, attained age, calendar period of
observation, geographical region, and country of birth (born in Sweden/Denmark, or
immigrated), with time since most recent hemoglobin measurement/donation as time scale.
In separate analyses we also added binary variables for a series of comorbid diagnoses (type
2 diabetes mellitus, chronic obstructive pulmonary disease, obstructive sleep apnea
syndrome, atrial fibrillation, cancer, angina pectoris, or hypertension, as ascertained in the
Patient Registers) to the model. Hemoglobin concentration, attained age, calendar period,
and comorbidity were treated as time-dependent, allowing subjects to move between
categories with time. Attained age, calendar period and time since most recent measurement
were fitted as restricted cubic splines with five evenly placed knots. Separate analyses were
performed for men and women. For men, hemoglobin concentration was categorized as 8.0—
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12.9, 13.0-14.4, 14.5-15.9, 16.0-17.4, or 217.5 g/dL and for women as 8.0-11.9, 12.0-13.4,
13.5-14.9, 15.0-15.9, or 216.0 g/dL. Men with a hemoglobin concentration of 13.0-14.4
g/dL and women with a hemoglobin concentration of 12.0-13.4 g/dL were used as
reference. To depict the association between hemoglobin concentration and risk of vascular
events, we also performed analyses where the former was fitted as a restricted cubic spline
with 5 evenly spaced knots.

In addition to the standard model, a within-person model using a stratified Cox proportional
hazards regression was also performed, where each individual comprised a separate stratum
and was thus only compared to her-/himself. Although this analysis should effectively adjust
for confounding factors that do not vary in a given individual (e.g. genetic factors and sex)
or confounding factors that on average only change only slowly (e.g. smoking habits), it
does not fully account for factors where within-subject variation is more dynamic (e.g.
comorbidity). To allow adjustment also for factors that are either highly correlated in a given
individual (age and calendar period), these models were conducted in two steps. We first
fitted a non-stratified Cox proportional hazards model which included all factors that were
included in the standard adjusted model, above, except hemoglobin concentration. We then
extracted the log-linear predictor estimated from this model, and used this as an offset in a
second model where we added hemoglobin concentration as a time-dependent factor and
where we included donor identity as a stratifying factor.

All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). All
statistical tests were two-sided. P values <0.05 were considered statistically significant. The
conduct of this study was approved by ethics committees in both countries.

In total, 1,537,246 blood donors with a total of 20.2 million hemoglobin measurements were
included. Fifty percent were men and 64% of all blood donors were from Sweden. The
median age at first donation was 32 years in men and 29 years in women. Altogether, 190
donors were diagnosed with MPNSs, including PV, during follow-up (Table 1).

The risk of myocardial infarction was significantly increased in both men and women with
elevated hemoglobin concentration. In men with hemoglobin concentration of 217.5 g/dL
and 16.0-17.4 g/dL, the HRs of myocardial infarction were 3.52 (95% ClI, 2.85-4.36) and
2.15 (95% CI 1.99-2.31), respectively, compared to men with hemoglobin concentration of
13.0-14.9 g/dL (Table 2, Figure 1). Also, men with a hemoglobin concentration of 14.5—
15.9¢g/dL, thus within the normal reference range, had a significantly increased risk of
myocardial infarction, HR=1.37, 95% CI 1.29-1.45, compared to the reference group.
Similarly, there was a three-fold risk increase of myocardial infarction in women with
hemoglobin concentration 216.0 g/dL, HR=3.22; 95% CI 2.12-4.89, and women with
hemoglobin concentration of 15.0-15.9 g/dL had a HR of 2.73, 95% CI 2.19-3.38,
compared to those with hemoglobin concentration of 12.0-13.4g/dL. In the person-stratified
model, men with hemoglobin >17.5 g/dL and women with hemoglobin of >16.0 g/dL had
HRs of 1.72 (95% CI 1.24-2.38) and 1.78 (95% CI 0.94-3.38), respectively, compared to
the corresponding reference groups (Table 2).
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A similar pattern with an increased risk of ischemic stroke was observed in individuals with
elevated hemoglobin concentration (Table 3, Figure 2). The adjusted HRs for ischemic
stroke were 2.36 (95% Cl 1.63-3.43) and 1.55 (95% CI 1.38-1.75) in men with hemoglobin
concentration of >17.5¢g/L and 16.0-17.4 g/dL, respectively, compared to the reference
group. Comparable effects were observed in women where females with hemoglobin
concentration >16.0 g/dL and 15.0-15.9 g/dL had adjusted HRs for ischemic stroke of 2.35
(95% C1 1.37-4.02) and 1.66 (95% CI 1.27-2.16), respectively. In the person-stratified
models, the dose response effect was largely removed in both men and women, with HRs for
ischemic stroke of 1.08 (95% CI, 0.57-2.03) in men with a hemoglobin concentration of
>17.5¢/L, and 1.14 (95% CI, 0.51-2.55) in women with hemoglobin concentrations of =16.0
g/dL as compared to the respective reference group.

There was a moderate increase in the risk of VTE in men with elevated hemoglobin
concentrations, however, associations were not consistently significant across all groups.
The adjusted HRs for VTE in men with hemoglobin concentrations of >17.5, 16.0-17.4, and
14.5-15.9 g/dL were 1.51 (95% CI 0.97-2.35), 1.23 (95% CI 1.09-1.38), and 1.12 (95% ClI
1.03-1.21), respectively, compared to the reference group. Moreover, men with a subnormal
hemoglobin concentration were at an increased risk of VTE; the HR was 1.69 (95% ClI
1.40-2.04, Table 4) in men with hemoglobin concentration of 8.0-12.9 g/dL compared to
men with a hemoglobin concentration of 13.0-14.4 g/dL. In women, there was no clear
pattern in the association between hemoglobin concentration and risk of VTE. The adjusted
HRs for VTE in women with hemoglobin concentrations of 216.0, 15.0-15.9, 13.5-14.9,
and 8.0-11.9 g/dL were 0.97 (95% CI 0.50-1.88), 1.26 (95% CI 1.01-1.58), 1.13 (95% ClI
1.02-1.24), and 0.90 (95% CI 0.75-1.08), respectively, compared to females with a
hemoglobin of 12.0-13.4 g/dL (Table 4). As in the analyses of myocardial infarction and
ischemic stroke, the person-stratified analyses led to attenuated HRs for men with elevated
hemoglobin concentrations. However, we also observed that the HR in men with a
hemoglobin concentration of 8.0-12.9 g/dL was strengthened (HR, 2.00; 95% CI 1.51-
2.66). In women, results from the person-stratified model were very similar to the results
from the standard models.

Discussion

In this large study including 1.5 million blood donors with over 20 million hemoglobin
concentration measurements over a period of 26 years, we found a distinct association
between elevated hemoglobin concentration and increased risk of arterial vascular events. A
threefold increased risk of myocardial infarction was observed in individuals with the
highest hemoglobin concentrations and the risk was also significantly elevated in individuals
with moderately increased hemoglobin concentrations. Conversely, for VTE, the highest
risks were seen in men with subnormal hemoglobin concentrations. With the exception of
VTE, the person-stratified models, where individuals served as their own controls, generally
returned attenuated risk estimates. Irrespectively, our findings indicate that an elevated
hemoglobin concentration can be used as a marker for identifying individuals with an
increased risk of vascular events.
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We found a significant association between elevated hemoglobin concentration and
myocardial infarction and ischemic stroke in a dose-dependent relationship as risks
increased with higher hemoglobin concentrations. These findings are in line with several
previous studies where hematocrit >50% has been associated with an increased risk of
cardiovascular and cerebrovascular events.[4-6, 12, 19] The risks remained significantly
elevated also when adjusting for co-morbidities in most but not all of studies.[5-7, 12, 13] In
the present study, an elevated hemoglobin concentration remained an independent risk factor
for myocardial infarction and ischemic stroke also after adjustments for a number of
comorbidities such as hypertension, obstructive sleep apnea syndrome, atrial fibrillation, and
chronic obstructive pulmonary disease, which was used as a proxy for smoking. In the
person-stratified model, where the effect of constant and slowly changing confounding
factors should be removed entirely, there was an attenuated but still significantly elevated
risk of myocardial infarction while the risk of stroke was no longer significant. This
indicated that even though residual effects of comorbidities or smoking cannot fully be ruled
out, elevated hemoglobin concentration is associated with an increased risk of arterial
thrombosis also in individuals without PV.

For VTE, risks were not consistently elevated in individuals with high hemoglobin
concentrations. The risk of VTE in patients with non-PV erythrocytosis is not very well
studied and also in the literature, the association between elevated hemoglobin level and
VTE is less pronounced in relation to arterial events.[8, 9, 11, 20] While we found a trend
towards an elevated risk of VTE in individuals with increased hemoglobin concentrations,
these risks disappeared in the person-stratified models. Thus, elevated hemoglobin
concentration should not be regarded as a strong risk factor for VTE.

The highest risk of VTE was instead observed in men with subnormal hemoglobin
concentrations. Although the estimates were adjusted for a number of comorbidities, we
believe that this observation is driven mostly by undiagnosed systemic conditions which
affect both the hemoglobin concentration and the risk of VTE. Supporting this theory, a
decline in hemoglobin concentration has been observed prior to cancer diagnoses in Swedish
and Danish blood donors.[21] We therefore emphasize that individuals with unexplained
anemia should be investigated not only for deficiencies but should also be liberally assessed
for underlying systemic conditions including malignancies.

Several mechanisms behind the hemoglobin-associated thrombotic risks have been
proposed, including reduced coronary and cerebral blood flow as well as enhanced exposure
of platelets and coagulation factors to the vascular endothelium resulting in increased
platelet-vessel wall adhesion.[5, 12, 22-24] Whether these changes can be reversed by
lowering the hemoglobin concentration through phlebotomy remains to be elucidated.
Individuals included in our study donated blood in volumes equivalent to phlebotomies,
however, as blood donors are only allowed to donate whole blood a maximum of three and
four times per year for men and women, respectively, and in reality only donated an average
of 1.6 and 1.9 times per year, we argue that their donation habits are unlikely to have had
large therapeutic effects. Nevertheless, our results from the person-stratified models indicate
that a given individual’s risk becomes higher with an elevated hemoglobin concentration,
there could be a possible beneficial effect of phlebotomy. However, due to the observational
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nature of this study, it is not possible to draw confident conclusions on whether phlebotomy
is favorable in individuals with high hemoglobin level. Furthermore, there is limited
evidence for phlebotomies in non-PV erythrocytosis and we do not have enough support for
recommending phlebotomy in individuals with elevated hemoglobin concentration.[25]

Blood donors are in general healthier than the general population and both Sweden and
Denmark have strict criteria for health clearance of blood donors.[14] In a detailed
assessment of blood donors with elevated hemoglobin concentration in Denmark, 85% were
smokers but only a minority of individuals had comorbidities such as hypertension and
diabetes mellitus.[26] PV as well JAK2 V61 7F positivity have been reported in blood donors
with high hemoglobin concentrations but overall, blood donors do not have an increased
incidence of PV.[26-29] We censored patients with PV two years prior to diagnosis and, we
therefore do not believe that possible undiagnosed PV had a large effect on our risk
estimates. On the other hand, we cannot exclude residual confounding due to smoking
despite our adjustment for chronic obstructive pulmonary disease as a proxy. However, the
fact that associations mostly persisted in the person-stratified models, where most of the
confounding effects from factors such as smoking should have been removed, indicates that
smoking is unlikely the sole explanation behind the elevated risks of arterial thrombosis in
blood donors with elevated hemoglobin concentrations.

The strengths of our study are the large sample size with over 1.5 million blood donors
included and followed over a time-period of 26 years. The study is based on high-quality
Swedish and Danish registers which in validations have a high coverage and accuracy,[15,
30] The study population included an even distribution of male and female blood donors
with a low median age at first blood donation and of general good health.[31] Limitations of
our study include restrictions in the available data which does not include information on
smoking, additional blood counts such as white blood cell or platelet counts, as well as lack
of information on the hemoglobin concentration at the time of the vascular events. The
SCANDAT? database does not hold information on hematocrit but since there is a strong
correlation between hemoglobin concentration and hematocrit (r=0.93),[5] we expect that
the results would have been very similar if hematocrit had been used instead. Also, despite
including over 20 million hemoglobin measures, there were generally few events among
individuals with the highest hemoglobin concentrations.

In summary, in this large study based on Swedish and Danish blood donors, we found a
significant association between an elevated hemoglobin concentration and increased risks of
myocardial infarction and ischemic stroke. There was also an increased risk of VTE in
individuals with subnormal hemoglobin concentrations likely related to underlying systemic
conditions including malignancies. These associations were largely unaffected by adjusting
for a number of cardiovascular comorbidities. However, associations were weakened but
remained significant when each person served as his/her own control, indicating that residual
effects of comorbidities or smoking cannot entirely be ruled out but does not fully explain
the increased risk. Nevertheless, we conclude that hemoglobin concentration may serve as a
marker for elevated risk of vascular events and abnormal hemoglobin concentrations
motivates thorough assessment of cardiovascular risk factors and underlying comorbidities.
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Highlights

. An elevated hemoglobin level was associated with an increased risk of

myocardial infarction and ischemic stroke

. Subnormal hemoglobin levels were associated with an increased risk of

venous thrombosis in men

. In person-stratified models, where individuals served as their own controls,

the association between elevated hemoglobin concentration and risk of
myocardial infarction was attenuated but remained significant
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Statistical
model

=== Adjusted

e CONditional
adjusted

Hazard of myocardial infarction (AMI), ischemic stroke and venous thromboembolism
(VTE) in relation to hemoglobin concentration in male and female blood donors. All hazard
ratios are adjusted for country, attained age, calendar year, time since most recent blood
donation, and comorbidities (chronic obstructive pulmonary disease, cancer, diabetes
mellitus, atrial fibrillation, obstructive sleep apnea syndrome, hypertension, and angina

pectoris).
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Table 1.

Characteristics of the 1,538,019 included Swedish and Danish blood donors. IQR=interquartile range.

Men Women
Total, N (%) 767,468 (49.9) 769,778 (50.1)
Country, N (%)
Denmark 264,515 (34.5) 285,088 (37.0)
Sweden 502,953 (65.5) 484,690 (63.0)
Median age at first donation, years (IQR) 32 (24-43) 29 (22-40)
Median duration of follow-up, years (IQR) 6.3 (2.7-12.6) 49 (2.3-10.3)

Median hemoglobin concentration at first presentation, g/dL (IQR) 15.0 (14.3-15.6) 13.2 (12.7-13.9)

Number of donations, N (%)

1-5 295,453 (38.5) 381,544 (49.6)
6-10 126,094 (16.4) 141,492 (18.4)
10-20 139,395 (18.2) 131,043 (17.0)
>20 206,526 (26.9) 115,699 (15.0)
Median (IQR) 9 (3-22) 6 (2-14)
Total number of donations 12,148,651 8,013,173

Diagnosis of comorbidity during follow-up, N (%)

Angina pectoris 2,778 (0.4) 1,254 0.2)
Atrial fibrillation 3,446 (0.9) 1,439 (0.2)
Cancer 4,129 (0.5) 9,732 (1.3)
Chronic obstructive pulmonary disease 7,249 (0.9) 6,010 (0.8)
Diabetes mellitus 1,018 0.1) 1,118 0.1)
Hypertension 4,031 (0.5) 3,141 (0.4)
Obstructive sleep apnea syndrome 6,603 (0.9) 1,301 0.2)
Polycythemia Vera 64 (0.01) 29 (0.00)
Other Myeloproliferative Neoplasm 44 (0.01) 53 (0.01)
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Table 2.

Relative risks of myocardial infarction in relation to hemoglobin concentration

Page 13

Hemoglobin Number of Standard adjusted model, Standard model HR* Person-stratified adjusted
concentration (g/dL) events HR™™ (95% CI) (95% CI) model HR™™ (95% CI)

Men

=175 91 3.52 (2.85-4.36) 3.54 (2.86-4.38) 1.72 (1.24-2.38)
16.0-17.4 1,142 2.15(1.99-2.31) 2.15 (2.00-2.32) 1.14 (1.00-1.30)
14.5-15.9 3,321 1.37 (1.29-1.45) 1.37 (1.29-1.45) 1.01 (0.92-1.10)
13.0-14.4 1,752 1.00 (ref) 1.00 (ref) 1.00 (ref)
8.0-12.9 133 0.95 (0.80-1.13) 0.95 (0.80-1.14) 1.19 (0.92-1.53)
Women

>16.0 25 3.22 (2.12-4.89) 3.30 (2.17-5.00) 1.78 (0.94-3.38)
15.0-15.9 109 2.73 (2.19-3.38) 2.76 (2.22-3.43) 1.70 (1.17-2.46)
13.5-14.9 404 1.25 (1.09-1.44) 1.26 (1.09-1.44) 1.03 (0.84-1.28)
12.0-13.4 413 1.00 (ref) 1.00 (ref) 1.00 (ref)
8.0-11.9 63 1.13 (0.86-1.47) 1.13 (0.87-1.48) 1.25 (0.85-1.84)

HR=Hazard ratio, Cl=confidence interval

*
Adjusted for country, attained age, calendar year, time since most recent blood donation.

HA
Adjusted for country, attained age, calendar year, time since most recent blood donation, and comorbidity (chronic obstructive pulmonary

disease, cancer, diabetes mellitus, atrial fibrillation, obstructive sleep apnea syndrome, hypertension, and angina pectoris)
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Table 3.

Relative risks of ischemic stroke in relation to hemoglobin concentration

Hemoglobin Number of Standard adjusted model, Standard model HR* Person-stratified adjusted
concentration (g/dL) events HR™™ (95% CI) (95% CI) model HR™™ (95% CI)

Men

=175 29 2.36 (1.63-3.43) 2.40 (1.65-3.48) 1.08 (0.57-2.03)
16.0-17.4 406 1.55 (1.38-1.75) 1.56 (1.38-1.76) 1.19 (0.97-1.45)
14.5-15.9 1,392 1.16 (1.07-1.27) 1.17 (1.07-1.27) 1.02 (0.90-1.16)
13.0-14.4 842 1.00 (ref) 1.00 (ref) 1.00 (ref)
8.0-12.9 88 1.32 (1.06-1.64) 1.33 (1.07-1.65) 1.26 (0.91-1.72)
Women

>16.0 14 2.35 (1.37-4.02) 2.37 (1.38-4.06) 1.14 (0.51-2.55)
15.0-15.9 63 1.66 (1.27-2.16) 1.67 (1.28-2.18) 1.09 (0.71-1.68)
13.5-14.9 437 1.30 (1.14-1.48) 1.30 (1.14-1.49) 1.20 (0.97-1.47)
12.0-13.4 459 1.00 (ref) 1.00 (ref) 1.00 (ref)
8.0-11.9 72 1.07 (0.84-1.38) 1.08 (0.84-1.38) 0.85 (0.58-1.25)

HR=Hazard ratio, Cl=confidence interval

*
Adjusted for country, attained age, calendar year, time since most recent blood donation.

HA
Adjusted for country, attained age, calendar year, time since most recent blood donation, and comorbidity (chronic obstructive pulmonary

disease, cancer, diabetes mellitus, atrial fibrillation, obstructive sleep apnea syndrome, hypertension, and angina pectoris).

fTrend tests were performed by fitting hemoglobin concentration as a linear term.
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Table 4.

Page 15

Relative risks of venous thromboembolism (lower extremity deep venous thrombosis and pulmonary
embolism) in relation to hemoglobin concentration

Hemoglobin Number of Standard adjusted model, Standard model HR* Person-stratified adjusted
concentration (g/dL) events HR*™ (95% ClI) (95% CI) model HR*™ (95% CI)

Men

>175 20 151 (0.97-2.35) 1.51 (0.97-2.36) 1.15 (0.61-2.18)
16.0-17.4 393 1.23 (1.09-1.38) 1.23 (1.09-1.38) 1.11 (0.92-1.35)
14.5-15.9 1,703 1.12 (1.03-1.21) 1.12 (1.03-1.21) 1.06 (0.94-1.19)
13.0-14.4 1,024 1.00 (ref) 1.00 (ref) 1.00 (ref)
8.0-12.9 124 1.69 (1.40-2.04) 1.70 (1.41-2.05) 2.00 (1.51-2.66)
Women

216.0 9 0.97 (0.50-1.88) 0.97 (0.50-1.89) 0.74 (0.29-1.90)
15.0-15.9 85 1.26 (1.01-1.58) 1.27 (1.01-1.59) 1.10 (0.77-1.57)
13.5-14.9 760 1.13 (1.02-1.24) 1.13 (1.03-1.24) 1.13(0.97-1.32)
12.0-13.4 991 1.00 (ref) 1.00 (ref) 1.00 (ref)
8.0-11.9 136 0.90 (0.75-1.08) 0.90 (0.75-1.08) 1.02 (0.77-1.35)

HR=Hazard ratio, Cl=confidence interval

*
Adjusted for country, attained age, calendar year, time since most recent blood donation.

Ao
Adjusted for country, attained age, calendar year, time since most recent blood donation, and comorbidity (chronic obstructive pulmonary
disease, cancer, diabetes mellitus, atrial fibrillation, obstructive sleep apnea syndrome, hypertension, and angina pectoris).

fTrend tests were performed by fitting hemoglobin concentration as a linear term.
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