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Haptoglobin phenotype 2-2 as a potentially new risk 
factor for spontaneous venous thromboembolism

Haptoglobin (Hp) is an acute-phase
protein synthesized in the liver and
plays an important role in hemoglo-

bin metabolism.1 The major stimulus for its
production is interleukin-6.2 The Hp gene is
located on the long arm of chromosome 16
(16q22.3).3,4 An allelic polymorphism gives
rise to two distinct alleles, Hp1 and Hp2,
defining three major phenotypes, denoted
Hp1-1, Hp2-1 and Hp2-2.5 The protein is
composed of one a and one b-chain.6 Hp2-
2 can form cyclic multimers, because of a
longer a-chain with two instead of one cys-
teine residues.7 A spectrum from dimers to
oligomers, containing both large and small
a-chains, can be found in heterozygous
individuals. Only dimers are present in indi-
viduals with Hp1-1. The latter phenotype
has the highest capacity to inhibit hemoglo-
bin-induced oxidative reactions, Hp2-1 an
intermediate capacity and Hp2-2 the lowest
capacity.8 Large multimers have only limit-

ed ability to sieve through injured endothe-
lium and to bind to hemoglobin in the
extracellular space.8 Rapid binding of hemo-
globin is of great importance because free
hemoglobin generates reactive oxygen
species by the Fenton reaction.5 Reactive
oxygen species have been shown to cause
endothelial damage, to promote atheroscle-
rosis and to favor the development of
thrombotic diseases.9 In this context the dif-
ferent anti-oxidative capacity of the three
phenotypes gains importance. An associa-
tion between Hp2-2 and the risk of gesta-
tional diabetes mellitus, atherosclerosis and
arterial thrombosis has been described.10-14

However, data are inconsistent.15 No data
are currently available on haptoglobin
genotype and phenotype distributions in
individuals with spontaneous venous
thromboembolism (VTE). We, therefore,
investigated the contribution of these two
parameters to the risk of spontaneous VTE. 
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Background and 0bjectives. Haptoglobin (Hp) is a plasma protein that binds free hemo-
globin and thus prevents catalysis of reactive oxygen species by the Fenton reaction.  A
genetic polymorphism has been described that leads to the generation of two distinct
alleles, Hp1 and Hp2, which define three major haptoglobin phenotypes, denoted Hp1-
1, Hp2-1 and Hp2-2. Hp2-2 has been reported to be associated with the risk of athero-
sclerosis and coronary heart disease. In our study we investigated the association of
haptoglobin genotype and phenotype with the risk of spontaneous venous thromboem-
bolism (VTE). 

Design and Methods. One hundred and twenty-eight patients with a history of sponta-
neous deep vein thrombosis (70 women, 58 men), 105 with spontaneous symptomatic
pulmonary embolism (58 women, 47 men) and 122 healthy controls (60 women, 62
men) were enrolled. Haptoglobin levels were measured immunonephelometrically and
phenotypes were detected by polyacrylamide gel electrophoresis and subsequent
immunoblotting.

Results. The Hp2-2 phenotype was significantly more prevalent in patients (42%) than in
controls (30%) and significantly increased the risk for VTE in univariable (odds ratio=1.6,
95% confidence interval [1.0-2.6], p=0.04) and multivariable analyses (odds ratio=1.9
[1.0-3.4], p=0.04). Hp2-2 (n=134) was associated with significantly lower haptoglobin
levels (median=89.7 mg/dL) than Hp2-1 (n=170, median = 123.5 mg/dL, p<0.001) or
Hp1-1 (n=51, median=142.8 mg/dL, p<0.001). 

Interpretation and Conclusions. Our study gives the first evidence that Hp2-2 represents
a risk factor for spontaneous VTE, presumably through a pathophysiological mechanism
similar to that in arterial disease.
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Design and Methods

Patients
Between July 1999 and December 2002 consecutive

outpatients with a history of spontaneous VTE, who
were referred for an assessment of thrombosis risk fac-
tors, were recruited. Spontaneous VTE was defined as
VTE without a triggering event (surgery, relevant trau-
ma causing immobilization, pregnancy, delivery or
malignancy). The study protocol was approved by the
Ethics Committee of the University Hospital Vienna.
Patients received detailed written information about
the study, and were only included if written informed
consent was obtained. Patients’ medical histories were
collected by a standardized questionnaire and from
medical records on the day of study inclusion. The
diagnosis of VTE was verified by at least one objective
method, either duplex sonography or venography for
deep venous thrombosis, either angiography, comput-
erized spiral tomography or combined ventilation-per-
fusion scanning (high probability) for pulmonary
embolism. Enrollment took place at least three months
after the thrombotic event. 

Events occurring during hormone-replacement thera-
py or during oral contraceptive use were considered
spontaneous. Only a small number of patients (n = 11)
were under treatment with hormone replacement or
oral contraceptives (n=30) at the time of VTE. In these
women, treatment was terminated at the time of diag-
nosis of VTE and enrollment took place at least three
months later. Exclusion criteria were current pregnancy,
malignancy, diabetes mellitus, chronic renal, liver or
pancreatic disease, rheumatic disease necessitating
pharmacological treatment, inflammatory bowel dis-
ease, continuation of hormone replacement therapy
after VTE or delivery. In patients with recent surgery or
trauma and a history of spontaneous VTE that had
occurred months before, enrollment into the study was
delayed for at least 6 weeks. 

Two hundred and thirty-three patients fulfilled the
enrollment criteria. Patients were included irrespective
of treatment with oral anticoagulants (29%) or aspirin
(7%) or the presence of established risk factors for VTE.
One-hundred and twenty-eight individuals had had
spontaneous deep vein thrombosis without clinical
signs of pulmonary embolism, 105 had had sponta-
neous symptomatic pulmonary embolism and in 48
(46%) of these simultaneous deep vein thrombosis  was
confirmed. The remaining 57 patients with pulmonary
embolism did not present clinical signs of deep vein
thrombosis. Only objectively confirmed events were
considered. Healthy controls (n=122) comprised indi-
viduals without a medical history of VTE or arterial
thrombosis from the same geographic region and eth-
nic background as the patients. Women in the control

group had never received hormone replacement thera-
py.  Individuals in this reference group were genetically
unrelated to the patients and were either spouses or
acquaintances of the patients, hospital staff, or friends
or relatives of hospital staff. Control individuals were
not related to each other. Matching for age and sex was
not performed pair-wise, but for the whole group.
Following commonly used definitions, individuals with
a body mass index above 30 kg/m2 are referred to as
obese, those with a body mass index between 25 and
30 kg/m2 as overweight and those with a body mass
index below 25 kg/m2 as normal-weight.

Blood sampling and laboratory methods
Venous blood samples were obtained after overnight

fasting at study inclusion. Plasma was snap frozen and
stored at -80°C until performance of the assay in series.
Haptoglobin phenotype was determined essentially fol-
lowing a method described previously by Yang and co-
workers,16 using 5 mL plasma samples mixed with 500
mL sodium dodecyl sulfate glycerin Tris buffer (pH 8.6).
A 10–15% polyacrylamide gradient gel at 250 V and 80
AVh was used to separate the haptoglobin phenotypes
electrophoretically on a Pharmacia Phast System
(Pharmacia Biotech, Uppsala, Sweden). Samples were
blotted on nitrocellulose and blocked with 3% milk
powder in Tris-buffered saline. Rabbit anti-human hap-
toglobin IgG antibodies were used for detection and,
subsequently, goat anti-rabbit IgG antibodies conjugat-
ed to alkaline phosphatase (Dako, Glostrup, Denmark)
and a phosphatase developing solution (Technoclone,
Vienna, Austria) were used for visualization of the
bands. Two experienced investigators independently
analyzed the electropherograms. Faintly stained sam-
ples were reanalyzed using the 10-fold plasma volume
(50 mL). 

Haptoglobin levels were measured immuno-
nephelometrically (Dade Behring®, Wilmington,
Germany) on a Behring Nephelometer II. Factor VIII
activity was measured on a Sysmex CA 7000 analyzer
using factor VIII deficient plasma (Hyland Baxter
Immuno, Vienna, Austria) and Dade® Actin®-FS (Dade
Behring, Marburg, Germany).17 The cut-off of elevated
factor VIII activity was set at 230% for practical reasons
by the Institute of Medical and Chemical Laboratory
Diagnostics of the Medical University Vienna. This rep-
resented the 95th percentile (233% factor VIII activity)
and thus the upper limit of the normal range in the ref-
erence cohort of healthy individuals (n=220) of the
Institute. Deficiencies of protein C, protein S and
antithrombin as well as factor V Leiden and prothrom-
bin G20210A variation were diagnosed as described
previously.17

Statistical methods
Binary logistic regression analysis was applied to cal-
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culate univariable and multivariable odds ratios for
spontaneous VTE, for idiopathic VTE and spontaneous
symptomatic pulmonary embolism without clinical
signs of deep vein thrombosis (dependent variables)
and corresponding 95% confidence intervals (CI). The
multivariable model included the following independ-
ent variables: haptoglobin phenotype (categorized in
two levels: Hp2-2 versus Hp2-1 or Hp1-1), haptoglobin,
age, sex, body mass index, factor V Leiden and pro-
thrombin G20210A variation (categorized in two levels:
heterozygous or homozygous mutation carrier or carri-
er of normal variant) and factor VIII (categorized in two
levels: activity above or below 230%). Correlation of
metric parameters was analyzed by the non-parametric
Spearman’s-test. c2-tests were applied for comparison
of categorical variables and Mann-Whitney tests for
metric variables, respectively. A two-tailed p-value of
less than 0.05 was considered to indicate statistical sig-
nificance. All tests were performed with the statistical
package SPSS 12 for Windows®.

Results

The demographic characteristics of patients and con-
trols and risk factors for VTE in both groups are dis-
played in Table 1. Six patients (3%) also had a history
of arterial thrombosis. Factor V Leiden and prothrom-
bin G20210A variation were more prevalent in patients
than in controls. Nine patients (4%) had protein C defi-
ciency, three (1%) had protein S deficiency, one (0.4%)
had antithrombin deficiency and one (0.4%) had a
lupus anticoagulant. 

Hp2-2 phenotype was significantly more prevalent in
patients (42%) than in controls (30%) and significantly
increased the risk of VTE in univariable and multivari-
able analyses (OR=1.6 and 1.9, respectively, Table 2). In
comparison with Hp1-1, Hp2-1 did not show any asso-
ciation with an increased risk of spontaneous VTE
(OR=1.0 [0.5-2.0]), whereas an odds ratio of 1.7 [0.9-
3.3] was found for Hp2-2 in a stepwise univariable
analysis. Among the 233 individuals with spontaneous
thrombosis, 30 women were taking oral contraceptives
and 11 were under hormone replacement therapy at
the time of thrombosis. If these women were excluded
from the analysis and the remaining 192 individuals
with idiopathic VTE were compared to the 122 healthy
controls a univariable odds ratio of 1.8 [1.1-2.9] and a
multivariable odds ratio of 2.1 [1.1-3.9] were found.
The proportion of individuals with Hp2-2 phenotype
was especially high in patients with symptomatic spon-
taneous pulmonary embolism without clinical signs of
deep vein thrombosis (n=57, Hp1-1=8.2%, Hp2-
1=42.1%, Hp2-2=50.9%). For the comparison of this
subgroup with controls a univariable odds ratio of 2.4
[1.2-4.5] (p=0.009) and a multivariable odds ratio of 3.4

[1.5-8.0] (p=0.009) were calculated. The haptoglobin
phenotype distribution did not significantly deviate
from the Hardy-Weinberg equilibrium in patients
(Hp1-1 13%, Hp2-1 45%, Hp2-2 42%, p=0.76) or con-
trols (Hp1-1 16%, Hp2-1 53%, Hp2-2 30%, p=0.34).
Similar haptoglobin phenotype distributions were
observed in patients with a single event of VTE (Hp1-
1=12.7%, Hp2-1=45.7%, Hp2-2=41.6%) and those
with recurrent events (Hp1-1=16.7%, Hp2-1=41.7%,
Hp2-2=41.7%). 

Hp2-2 (n=134) was associated with significantly
lower haptoglobin levels (median=89.7 mg/dL) than
Hp2-1 (n=170, median=123.5 mg/dL, p< 0.001) or Hp1-
1 (n=51, median=142.8 mg/dL, p< 0.001) (Figure 1).
Individuals with Hp2-1 had about 37% higher median
haptoglobin levels (p<0.001) and those with Hp1-1
about 59% higher levels (p< 0.001) than those with
Hp2-2. 

Haptoglobin levels were significantly higher in
patients (median=120.2 mg/dL, interquartile range

Haptoglobin phenotype and venous thrombosis

Table 1. Basic characteristics and risk factors for VTE in patients
and controls and p values in univariable analysis (cc2-test and
Mann-Whitney test, respectively).

Patients Controls p
n=233 n=122

Women, n (%)     128 (55) 60 (49) 0.3

Age at study entry, 45 44 0.054
median [IQR], years [35-59] [31-55]

Age at (first) VTE, 42 - -
median [IQR], years [30-56]

Body mass index, 26.6 23.8 < 0.001
median [IQR], kg/m2 [23.6-29.6] [21.4-26.3]§

Factor V Leiden*, n (%)       72 (31) 12 (10) < 0.001

Prothrombin G20210A,† 19  (8) 2  (2)° 0.03
n (%)     

Factor VIII activity above 35 (16) 1 (1)# < 0.001
230%

IQR: interquartile range; *All heterozygous except six patients (3 %) who were
homozygous; †all heterozygous except one homozygous (1 %) patient; §data
missing for 6 individuals; °analysis not done in 17 individuals; #analysis not done
in 7 patients and 4 controls.

Table 2. Odds ratios for VTE according to haptoglobin phenotype.

Patients Controls Univariable Multivariable
n (%) n (%) OR OR1

[95% confidence [95% confidence  
interval] interval]

Hp2-2 97 37 1.6 [1.0–2.6], 1.9 [1.0–3.4],
(42) (30) p=0.04 p=0.04

Hp2-1/Hp1-1 136 85 * *
(58) (70)

*Adjusted for haptoglobin, age, sex, body mass index, factor V Leiden,
prothrombin G20210A variation, elevated factor VIII.  
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=89.7-157.1) than in controls (median=104.8 mg/dL,
interquartile range=78.2–133.3, p=0.003). In univariable
but not in multivariable analysis haptoglobin statistical-
ly significantly increased the odds for VTE. A 25 mg/dL
increase of haptoglobin increased the odds for VTE by
1.2 [95% Cl: 1.0 to 1.3, p=0.01] in univariable analysis.
However, this association lost its statistical significance
in multivariable analysis (OR=1.1, [0.97-1.3], p=0.13). 

We found a positive correlation between body mass
index and haptoglobin (correlation coefficient=0.3,
p<0.001). Overweight individuals (n=134) had about
10% (p<0.06) and obese (n=63) about 33% higher
median haptoglobin levels than normal-weight persons
(n=152, Figure 1). Haptoglobin levels were not signifi-
cantly different between women and men (median: 118
mg/dL and 113 mg/dL, respectively, p=0.1). Age and
factor VIII were weakly correlated with haptoglobin
(correlation coefficient=0.12, p=0.02 and correlation
coefficient=0.20, p<0.001, respectively). Patients treat-
ed with oral anticoagulants (n=67) did not have signifi-
cantly different haptoglobin levels (median=116
mg/dL) from those without treatment (n=288, medi-
an=118 mg/dL, p=0.5). The median time interval
between blood collection and the preceding thrombot-

ic event was 254 days [interquartile range: 210-475] and
was not significantly correlated with haptoglobin (cor-
relation coefficient = –0.08, p=0.2). The median time
interval between termination of hormone replacement
therapy or termination of oral contraception and con-
secutive blood collection was 366 days (25th-75th per-
centile: 238-574) and 258 days (25th-75th percentile: 216-
434), respectively.

Discussion

In our study the Hp2-2 phenotype was associated
with spontaneous VTE. To our knowledge, no data on
haptoglobin phenotypes and VTE have been published
up to now. However, haptoglobin phenotype has been
investigated in patients with atherosclerosis and arteri-
al thrombosis. In the majority of studies persons with
Hp2-2 were found to be at increased risk. This pheno-
type is associated with the accumulation of atheroscle-
rotic lesions in essential hypertension, is overrepresent-
ed in patients below the age of 45 who undergo coro-
nary artery bypass grafting and is associated with a
lower age at infarction and shorter graft survival time.14

Furthermore, Hp2-2 was associated with an increased
risk for coronary heart disease in diabetics in the Strong
Heart Study12 and showed a significant association
with the risk for re-stenosis after peripheral and coro-
nary angioplasty.11 On the other hand a Belgian Study
reported an increased risk for coronary heart disease in
persons with Hp1-1 that was independent of haptoglo-
bin concentration.18 A lower capacity of Hp2-2 com-
pared to Hp2-1 and Hp1-1 to inhibit hemoglobin-
induced oxidation at equal concentrations has been
convincingly demonstrated.8 Free hemoglobin cataly-
ses the generation of reactive oxygen species, which
directly injure cell membranes, impair vasodilatation
and lead to formation of oxidized low density lipopro-
tein.19 Oxidized low density lipoprotein is cytotoxic
and an important mediator of atherosclerosis.
Increased levels of reactive oxygen species have been
observed in varicose veins, especially in those with
thrombophlebitis20 and increased levels of circulating
lipoperoxidative markers have been reported in
patients with acute deep vein thrombosis.21 These
mechanisms and findings give a plausible explanation
for an association of Hp2-2 with the risk of VTE, as
observed in our study. Our data confirm an earlier find-
ing that haptoglobin levels are remarkably correlated
with phenotypes.5 Individuals with Hp2-2 had the low-
est levels of haptoglobin, those with Hp2-1 had inter-
mediate levels and those with Hp1-1 had the highest
levels. The phenotype had a stronger influence on hap-
toglobin levels than did other factors that showed a sig-
nificant correlation, such as the body mass index.
Although Hp2-2 was more frequent among our

Figure 1. Box plot of haptoglobin levels in clusters of haptoglobin
phenotype and body mass index in patients and controls. The mar-
gins of the rectangles depict the 25th and 75th percentiles, the line
within the rectangles the median level. The whiskers represent the
largest and smallest observed values that are within 1.5 box
lengths from the end of the box. Outliers are illustrated as circles,
extremes as asterisks.

Body mass index

Haptoglobin phenotype

Ha
pt

og
lo

bi
n 

m
g/

dL

1-1 2-1 2-2

< 25 kg/mg2

25-30 kg/mg2

> 30 kg/mg2

350

300

250

200

250

100

50

0

*



Haptoglobin phenotype and venous thrombosis

haematologica/the hematology journal | 2005; 90(11) | 1561 |

patients, slightly higher haptoglobin levels were
observed in the patient population than in the control
group. Other factors may have contributed to an
increase of haptoglobin levels in patients. Patients in
our study had a significantly higher body mass index
than controls, which definitely accounted for some of
the observed difference in haptoglobin levels between
the two groups. Moreover, we cannot exclude acute
phase reactions in some individuals, although we
chose a study design intended to minimize inclusion of
individuals with transient inflammation. Although
haptoglobin levels were slightly higher in patients than
in controls, they did not independently increase the
risk of VTE. A similar observation has been made for
the inflammatory marker high sensitivity-C-reactive
protein: higher levels were found in patients with
thrombosis than in controls, but a significantly
increased risk for VTE was not described.22-24 According
to our data increased haptoglobin levels do not seem to
be associated with VTE. The decreased capacity of
Hp2-2 to inhibit hemoglobin-induced oxidative reac-
tions8 appears to increase thrombosis risk compared to
Hp2-1 and Hp1-1 even at a slightly higher absolute
concentration. There are currently no data available on
haplotype phenotype distribution in Austria, but this
phenotype distribution was analyzed in the Swiss pop-
ulation.25 In a very large population-based study

(n=4004) Hp2-2 was found in 33%, Hp2-1 in 48% and
Hp1-1 in 19%. This phenotype distribution was not
significantly different from that observed in the control
group of our study (p=0.5) and the frequency of estab-
lished risk factors for VTE in our control group was in
very good  accordance with data from the literature. A
slightly higher proportion of Hp2-2 phenotype (35%)
was observed in another large study (n=1000) that
investigated healthy Belgian blood donors.26 Therefore,
our data need to be confirmed in a large, preferably
prospective population-based study. 

In conclusion, our study introduces a potentially new
risk factor for spontaneous VTE, presumably acting
through the same pathophysiological mechanism as in
arterial disease. Our findings merit intensified basic
and clinical research on the role of haptoglobin pheno-
types in arterial as well as venous vascular disease.
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