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Summary. Background: Because the number of elderly von
Willebrand disease (VWD) patients is increasing, the path-
ophysiology of aging in VWD has become increasingly
relevant. Objectives: To assess age-related changes in von
Willebrand factor (VWF) and factor VIII (FVIII) levels
and to compare age-related differences in bleeding pheno-
type between elderly VWD patients and those < 65 years.
We also studied co-morbidity in elderly patients. Patients/
Methods: We included VWD patients with VWF levels
<30 UdL ' in the nationwide cross-sectional ‘Wille-
brand in the Netherlands” (WiN-) study. Patients reported
bleeding episodes and treatment of VWD in the year pre-
ceding inclusion and during life. This was compared
between VWD patients older (n = 71) and younger (16—
64 years, n = 593) than 65 years. In elderly patients, age-
related changes in VWF and FVIII levels were studied
longitudinally by including all historically measured levels.
All medical records were examined for co-morbidity.
Results: In elderly type 1 patients, a decade age increase
was associated with a 3.5 U dL ' (95% CI, 0.6 to 7.6)
VWEF:Ag increase and 7.1 U dL ' (95% CI, 0.7 to 13.4)

Correspondence: Frank W. G. Leebeek, Department of Hematology,
Erasmus University Medical Center, PO Box 2040, 3000 CA Rotter-
dam, the Netherlands
Tel.: :

GRO-C i

See Appendix for full list of Contributors.

Received 18 December 2013
Manuscript handled by: P. de Moerloose
Final decision: P. de Moerloose, 15 April 2014.

FVII:C increase. This increase was not observed in
elderly type 2 patients. Elderly type 2 patients reported
significantly more bleeding symptoms in the year preced-
ing inclusion than younger patients (16/27, 59% vs. 87/
221, 39%; P = 0.048), which was not observed in type 1
VWD. Conclusions: von Willebrand factor parameters and
bleeding phenotype evolve with increasing age in VWD.
VWF and FVIII levels increase with age in type 1 patients
with no mitigation in bleeding phenotype. In type 2
patients VWF parameters do not increase with age and in
these patients aging is accompanied by increased bleeding.

VIII; hemorrhage;
Willebrand  factor.

Keywords: aging; factor
von Willebrand disease; von

Introduction

von Willebrand disease (VWD) is the commonest inher-
ited bleeding disorder, and is caused by reduced levels or
reduced function of von Willebrand factor (VWF) [l1].
VWF mediates the adhesion and aggregation of platelets
at sites of vascular injury, and serves as a carrier of factor
VIII (FVIII) [2]. Patients with VWD suffer from bleeding
episodes of which the frequency and severity are associ-
ated with the type of VWD and the remaining level of
functioning VWF [3-5]. Whereas type 1 VWD is charac-
terized by partially reduced VWF levels and type 3 by
complete absence of VWF in plasma, type 2 VWD
patients have abnormal variants of VWF [6].

With increasing age, VWD patients may undergo
changes with regard to VWF levels, FVIII levels, bleeding
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symptoms and health status. As the number of elderly
VWD patients is increasing, the pathophysiology of aging
in VWD has become increasingly relevant [7].

Because plasma concentrations of VWF and FVIII
have been shown to increase with age in healthy individu-
als [8-10], they are also likely to increase in aging VWD
patients. Hypothetically, one would expect these higher
levels to mitigate the bleeding phenotype, which may be
associated with reductions in VWD concentrate treatment
dose and intensity. When VWF and FVIII levels increase,
they might also cross the threshold of current diagnostic
criteria for VWD in some elderly patients with mild type
1 VWD [6]. However, these increased levels may still be
too low for adequate hemostasis.

In elderly VWD patients, bleeding frequency and sever-
ity are influenced by various factors. For example, the
risk of bleeding may be reduced by a more sedentary life-
style with fewer physical challenges. Similarly, common
comorbidities in elderly patients, such as malignancies,
may increase the risk of bleeding, as a result of disease or
surgical procedures [11]. It has also been suggested that,
due to degenerative intestinal changes and angiodysplasia,
elderly VWD patients suffer from more frequent gastroin-
testinal bleeding than younger patients [7].

In this nationwide crosssectional study, we studied
agerclated changes in VWF and FVIII levels and com-
pared the differences in bleeding phenotype between
elderly VWD patients and patients younger than 65 years.
We also studied specific agerelated comorbidity in
elderly VWD patients.

Patients and methods

Participants

We performed a nationwide crosssectional study among
von Willebrand disease (VWD) patients in the Nether-
lands: the ‘Willebrand in the Netherlands’ (WiN) study
[3,12,13]. We included patients diagnosed with type 1, type
2 and type 3 VWD who had a hemorrhagic diathesis or a
family history of VWD and had historically lowest VWF
levels <30 U dL ' (VWF:Ag and/or VWF:RCo) and/or
FVIII levels (FVIILI:C) < 40 U dL ' (for type 2N VWD).
Patients were excluded if they were known to have hemo-
philia A or other hemostatic disorders resulting in hemor-
rhagic diathesis. Between October 2007 and October 2009,
804 individuals were included. In total, 664 patients aged
> 16 years participated, with 71 (11%) > 65 years. The
medical ethical committees at all participating centers
approved this study, and all participants gave informed
consent. This has been described in detail previously [3].

Assessment methods in the study

All patients completed an extensive questionnaire on
comorbidity, hospitalization, bleeding episodes and
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treatment of VWD in the year preceding inclusion
[3.14,15]. First a pilot study using the ‘thinkaloud
method” was conducted in which respondents completed
the questionnaire in the presence of the investigator and
then adjustments were made accordingly [16]. All patients
were asked to report the bleeding episodes and treatment
of VWD in the year preceding inclusion. We also col-
lected information about the severest lifetime episode of
12 specific types of bleedings by administration of the To-
setto Bleeding Questionnaire [17]. We did not score for a
bleeding symptom if patients received prophylactic des-
mopressin or prophylactic replacement therapy before
they underwent surgery or dental extraction, to avoid
prophylaxis bias [3,18]. However, if bleeding after surgery
or dental extraction had occurred despite prophylactic
treatment, we scored for this bleeding according to the
Tosetto bleeding score. Because of the limitations of the
Tosetto bleeding score (cumulative score, ceiling effect
and prophylaxis bias) [3,4,18], we mainly focused on
bleeding episodes in the year preceding inclusion in the
study. In addition, we reviewed all elderly patients’ medi-
cal records and studied their comorbidities and medica-
tion use.

In most elderly patients (n = 66), VWF parameters had
been determined at several timepoints (at least twice) in
the past 30 years in their own Hemophilia Treatment
Centers. To study the agerelated changes in VWF and
FVIII levels within elderly patients over time, all such his-
torical VWF and FVIII levels were included. Blood sam-
ples obtained within 72 h after the use of desmopressin or
replacement therapy and obtained during pregnancy have
been excluded.

Laboratory measurements in von Willebrand disease
patients

Patients’ historically measured VWF parameters had been
determined previously in their Hemophilia Treatment
Centers. Plasma levels of VWF antigen (VWF:Ag), VWF
collagen binding (VWF:CB), VWF activity (VWF:Act)
and FVIII coagulation activity (FVIIL:C) were also mea-
sured centrally at inclusion in the study (Erasmus Univer-
sity Medical Center, Rotterdam) [3]. Venous whole blood
was collected in 0.105 m sodium citrate tubes and centri-
fuged twice at 2200 x g for 10 min at room temperature
and stored at 80 °C. VWF:Ag was determined with an
inhouse ELISA wusing polyclonal rabbit antihuman
VWF antibodies and horseradish peroxidase (HRP) con-
jugated antihuman VWF antibodies (DakoCytomation,
Glostrup, Denmark) for detection. VWF:CB was mea-
sured with an inhouse ELISA using collagen type 1
(SigmaAldrich, St Louis, MO, USA) for capture and
HRPeonjugated antihuman VWF antibody (DakoCyto-
mation) for detection. A VWF:Act assay was used to
assess VWF activity. This assay uses monoclonal antibod-
ies directed against the Gplba binding domain of VWF
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and thereby reflects the binding activity of VWF to
Gplbo (HemosIL™ von Willebrand Factor Activity;
Instrumentation Laboratory BV, Breda, the Netherlands).
We have previously validated the VWF:Act test (n = 122)
and obtained a Spearman correlation coefficient of 0.942
with our previously used VWF:RCo activity test
(P <0.0001) [3]. FVIIL:C was measured in a onestage
clotting assay (TriniCLOT, Biomerieux, Marcy I’Etoile,
France) with FVIlldeficient plasma (Biopool, Umea,
Sweden) and reference plasma (Precision biologic, Kor-
dia, Leiden, the Netherlands). Details on the blood sam-
pling procedure and laboratory measurements at
inclusion in the study have been described in more detail
by de Wee et al. [3].

Definitions

Elderly patients were defined as VWD patients > 65 years
of age at time of inclusion based on WHO criteria [19]
and younger patients as VWD patients 16-64 years of
age at time of inclusion. The lifetime prevalence of bleed-
ing symptoms was defined as clinically relevant bleeding
symptoms that have occurred at least once during life,
identified through the Tosetto Bleeding Questionnaire
[4,20]. Comorbidity was defined as the presence of any
disease or condition other than the patient’s VWD that
required medical attention from a general practitioner or
specialist. Part of the questionnaire concerned the clinical
history of all kinds of comorbidity, which was defined as
selfreported comorbidity. Comorbidities were catego-
rized using the following categories: HIV, hepatitis C,
hepatitis B, overweight (BMI of 25-30), obesity
(BMI>30), hypertension, hypercholesterolemia, chronic
arthropathy, diabetes, renal disease, depression, respira-
tory disease, gastrointestinal disease, thyroid disease, neu-
rological disease, cancer, cardiovascular disease, ocular
disease, dermatological disease, urinary tract disease and
other. The classification of comorbidities is further speci-
fied in Table SI.

Statistical methods

Because data were not normally distributed, continuous
variables are presented as median and 25-75% interquar-
tile range (IQR). Descriptive statistics for categorical data
are presented as frequencies and proportions (#, %). The
chisquared test or the Fisher’s exact test is used to com-
pare the prevalence of bleedings in the past and in the
year preceding inclusion, and the prevalence of self-
reported comorbidity between patients younger and older
than 65 years. The Mann-Whitney Utest is used to test
the differences in VWF:Ag, VWF:Act and FVIIL:C
between patients younger and older than 65 years. First,
in elderly patients (7 = 66) we used linear mixed models
to model the association between age and all historic-
ally measured VWF:Ag, VWF:Act and FVIII:C levels.

Secondly, linear regression analyses were used to deter-
mine the association between age and centrally measured
VWF:Ag, VWF:Act and FVIIL:C levels in all type 1 and
type 2 patients > 16 years from the WiN study (n = 664).
Statistical analyses were performed with SPSS for Win-
dows, version 20.0 (SPSS Inc, Chicago, IL, USA). A
Pvalue < 0.05 was considered statistically significant.

Results

In total, 71 VWD patients aged 65-85 years were
included in the WiN study and 593 VWD patients aged
16-64 years (Table 1). Over half of the elderly patients
were female (n = 47, 66%), had type 1 VWD (n = 43,
61%) and blood group O (n = 37, 52%).

Agerelated changes in VWF and FVIII levels

Centrally measured VWF:Ag levels at inclusion were sig-
nificantly higher in elderly patients than in those younger
than 65 years: the VWF:Ag level in elderly patients was
38 IUdL ' [median; IQR 24-53] and in patients
< 65 years 301U dL ' [19-46] (P =0.033). Elderly
patients also had significantly higher levels of FVII:C
(621U dL ' [47-85]) than patients < 65 years (52 IU
dL ' [34-75]) (P = 0.011) (Table 1).

In a subset of 66 elderly patients for whom historically
measured VWF and FVIII levels were available over time,
we studied the association between age and VWF param-
eters using linear mixed models. VWF:Ag, VWEF:Act
and FVIII:C levels increase with age in type 1 patients
(n=40). a decade age increase was associated with
a335UdL ' (95% CI, 0.6 to 7.6) VWF:Ag increase,
9.5 U dL ' (95% CI, 3.7 to 15.3) VWF:Act increase and
7.1 UdL ' (95% CI, 0.7 to 13.4) FVIIL:C increase. In
type 2 patients (n = 26), this agerelated increase in VWF
and FVIII levels was not observed: VWF:Ag, 1.6 U
dL ' (95% CI, 103 to 7.2); VWF:Act, 0.5 UdL '
(95% CI, 2.8 to 3.7); FVIILC, 0.1 U dL ! (95% CI,

15.0 to 14.9).

In Fig. 1 centrally measured VWF:Ag, VWF:Act and
FVIIL:C levels for all individual type 1 and type 2
patients > 16 years are depicted. In type 1 VWD, VWF:
Ag increases by 2.7 IU dL ' (95% CI, 1.1 to 4.2) per
decade, VWF:Act by 4.1 IU dL ' (95% CI, 2.0 to 6.3)
and FVII:C by 3.7 IUdL ' (95% CI, 1.6 to 5.9). In
type 2 VWD, VWF:Ag increases by 2.1 IU dL ' (95%
CI1, 0.7 to 3.4) per decade and FVIII:C by 2.1 TU dL '
(95% CI1, 0.2 to 4.0). VWF:Act did not increase in type 2
VWD: 1.0 IU dL ' (95% CIL, 0.6 to 2.6).

Bleeding symptoms that required desmopressin or
replacement therapy in the year preceding inclusion

At inclusion, patients were asked to report the bleeding
symptoms encountered in the preceding year. Compared
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Table 1 Baseline characteristics
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Elderly VWD patients
(aged > 65 years)

VWD patients
(aged 16-64 years)

Characteristics (n=171) (n = 593) Pvalue
Age (years), median (range) 71 (65-85) 43 (16-64)
Male sex, n (%) 24 (34) 217 (37) 0.644
VWD type, n (%)
1 43 (61) 344 (58) 0.458*
2 27 (38) 222 (37)
2A 22 140
2B 2 42
M 2 25
2N 1 15
3 (1) 27 (5)
Blood group O, n (%)t 37 (52) 322 (54) 0.649
VWE:Ag (IU dL ), median [IQR]} 38 [24-53] 30 [19-46] 0.033
VWE:CB (IU dL '), median [IQR]} 27 [11-53] 24 [8--54] 0.296
VWE:Act (IU dL '), median [IQR]} 24 [12-70] 25 [9-55] 0.240
FVII:C (IU dL "), median [IQR]} 62 [47-85] 52 [34-75] 0.011
Bleeding Score, median [IQR] 12 [8-18] 11 [6--16] 0.154

VWD, von Willebrand disease; IQR, 25-75% interquartile range; VWF:Ag, von Willebrand factor antigen; VWF:CB, von Willebrand factor
collagen binding; VWF:Act, von Willebrand factor activity; FVIII:C, factor VIII coagulation activity. *P for trend between type 1, type 2 and
type 3. tElderly n = 63 and adults n = 522, based on availability. JElderly n = 62 and adults n = 507, patients without centrally measured
VWF parameters, and patients who used desmopressin or clotting factor concentrate 72 h before blood sampling were excluded.

with the patients aged < 65 years, more elderly patients
reported a bleeding episode that required treatment in the
year preceding inclusion (30/71, 42% vs. 182/593, 31%;
P = 0.048), which was also observed after exclusion of
the type 3 patients (29/70, 41% vs. 165/566, 29%:;
P =0.035) (Fig. 2A). This bleeding difference was
explained by a difference among type 2 patients. Elderly
type 2 patients reported significantly more bleeding that
required treatment in the year preceding inclusion than
those < 65 years (16/27, 59% vs. 87/222, 39%;
P =0.046), whereas there was no difference in bleeding
rate between younger and older type 1 patients (13/43,
30% vs. 78/344, 23%; P = 0.271). In elderly patients, gas-
trointestinal bleeding requiring treatment had occurred in
a larger proportion in the year preceding inclusion than
in younger patients (4/71, 6% vs. 11/593, 2%; P = 0.043)
(Fig. 2B).

Lifetime prevalence of bleeding symptoms

The commonest bleeding symptoms reported by the
elderly VWD population were cutaneous bleeding (52/71,
73%), bleeding after tooth extraction (47/61, 77% of the
patients who underwent tooth extraction) and postsurgi-
cal bleeding (46/64, 72% of the patients who underwent
surgery). Other reported bleeding symptoms were gastro-
intestinal bleeding (17/71, 24%), muscle hematoma (16/
71, 23%), hemarthrosis (17/71, 24%) and central nervous
system bleeding (1/71, 1%) (Fig. 3).

Compared with patients < 65 years, a higher number of
elderly patients had had gastrointestinal bleeding (17/71,
24% vs. 83/593, 14%; P = 0.027). This was also observed
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after exclusion of the type 3 patients (16/70, 23% vs. 76/
566, 13%; P = 0.034). In the proportion of VWD patients
who underwent a surgical procedure, more elderly
patients reported postsurgical bleeding than patients
< 65 years (46/64, 72% vs. 256/495, 52%; P = 0.002),
which was also observed after exclusion of the type 3
patients (41/57, 72% vs. 220/424, 52%; P = 0.004). Bleed-
ing from minor wounds was reported significantly less by
elderly patients (44/71, 62% vs. 468/593, 79%;
P =0.001). Also, if type 3 patients were included, elderly
patients reported significantly less bleeding from minor
wounds (44/70, 54% vs. 446/566, 75%; P =0.003)
(Fig. 3).

Elderly type 2 patients reported significantly more post-
surgical bleeding (15/20, 75% vs. 75/152, 49%; P = 0.031)
and a trend was observed towards significantly more gas-
trointestinal bleeding (9/27, 33% vs. 41/222, 18%;
P =0.069). In type | VWD, the lifetime prevalence of all
bleeding symptoms was similar between elderly patients
and those < 65 years of age.

Bleeding score did not differ between elderly and youn-
ger patients (12 [8-18] vs. 11 [6-16]; P = 0.154) (Table 1).
Also for type 1 and type 2 VWD separately no difference
was observed in bleeding score (P = 0.293 and P = 0.238,
respectively).

Selfreported comorbidity in elderly patients compared
with younger patients

From 67 (67/71, 94%) elderly patients and from 580 (580/
593, 98%) younger patients, selfreported comorbidity
data was available. Of those patients, more elderly patients
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Fig. 1. Centrally measured VWF:Ag, VWF:Act and FVIII:C levels according to age in all type 1 and type 2 VWD patients aged 16-85 years
at inclusion in the WiN study. Type 1 VWD n = 338 and type 2 VWD n = 208.

comorbidity, but in the elderly the prevalence was signifi-
cantly higher (35/67, 52% vs. 81/580, 14%; P < 0.001).
Diabetes, cancer and cardiovascular disecase were also

reported one or more comorbidities than younger ones
(49/67, 73% vs. 241/580,42%; P < 0.001). In both groups,

hypertension was the most frequently selfreported
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Fig. 2. (A) Prevalence of bleeding that required desmopressin or replacement therapy in the year preceding inclusion in the study. (B) Preva-
lence of different bleeding symptoms that required desmopressin or replacement therapy in the year preceding inclusion in the study. Other
bleeding symptoms include oral cavity bleeding, postsurgical bleeding, hematuria and ocular hemorrhage. *P < 0.05.
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Fig. 3. Lifetime prevalence of bleeding symptoms in elderly VWD patients compared with VWD patients below 65 years of age. *Frequencies

are from patients who ever underwent a tooth extraction or surgery.

more frequently selfreported by elderly patients than
those < 65 years (diabetes: 6/67, 9% vs. 16/580, 3%;
P = 0.019; cancer: 8/67, 12% vs. 23/580, 4%; P = 0.010;
and cardiovascular disease: 17/67, 25% vs. 31/580, 5%;
P <0.001). In addition, more elderly patients self-
reported depression (6/67, 9% vs. 8/580, 1%; P = 0.002).
The prevalence of all other classified comorbidities
(Table S1) did not differ between those younger and older
than 65 years of age. The abovementioned numbers of
selfreported comorbidities were not verified in medical
files.

Comorbidities in elderly VWD patients

Comorbidity was assessed in elderly VWD patients by
checking the medical charts of all individual patients.

© 2014 International Society on Thrombosis and Haemostasis

Nearly all elderly patients (66/71, 93%) suffered from co-
morbidities and most of them had two or more comor-
bidities (61/71, 86%). The prevalence of comorbidities in
elderly patients is shown in Fig. 4. Hypertension was the
commonest comorbidity among elderly patients (46/71,
65%). Viral infections were not common; there were no
patients infected with HIV, one (1.4%) with chronic hep-
atitis B and four (5.6%) with chronic hepatitis C. Cardio-
vascular disease was present in 22 elderly patients (22/71,
31%), who reported a total of 40 different cardiovascular
disorders. Cardiac arrhythmias were commonest (10/40,
25%), followed by unstable angina pectoris (6/40, 15%)
and heart valve disease (6/40, 15%). Twenty patients (20/
71, 28%) suffered from chronic arthropathy, occurring in
26% (11/43) of type 1 and 33% (9/27) of type 2 patients
(P = 0.485). Chronic arthropathy was not reported by the
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Fig. 4. Prevalence of comorbidities in the elderly VWD patients.

type 3 patient. The joints most commonly affected were
the knee (n = 5), hip (# = 4) and spine (n = 4).

Eleven out of 71 patients (15%) had gastrointestinal
disease. The prevalence of gastrointestinal bleeding did
not differ between patients with and without gastrointesti-
nal disease (P = 0.441). Seventeen elderly patients (24%)
had a history of 20 different malignancies. Skin cancer,
including basal cell carcinoma, squamous cell carcinoma
and melanoma, was the commonest (7/20, 35%), followed
by colon cancer (n = 3), breast cancer (n = 3) and prostate
cancer (n = 3). Other malignancies reported were renal cell
cancer, bladder tumor and a pheochromocytoma.

Hospitalizations and surgeries in the year preceding
inclusion

Thirteen elderly patients (13/71, 19%) had been hospital-
ized in the year preceding inclusion, which was similar to
patients < 65 years (123/593, 21%: P = 0.631). The med-
ian number of days of hospitalization was 3 (IQR 1.5-
4.0). The main reasons for hospitalization were surgery
(9/13, 64%) and bleeding (2/13, 14%) (data not shown).

Discussion

This first nationwide crosssectional study of elderly
VWD patients shows that VWF:Ag, VWF:Act and
FVIIIL:C increase with age in elderly type 1 patients, but
not in elderly type 2 patients. In addition, in the year pre-
ceding inclusion, bleeding that required treatment
occurred more frequently in elderly type 2 patients than
in younger type 2 patients, while such a difference was
not found between type 1 patients younger than 65 years
of age and type 1 patients older than 65 years of age.

In healthy individuals, it is known that VWF and
FVIII levels increase with age [9,10,21]. Our analyses of
VWEF and FVIII levels measured over time in a subset of
elderly individuals showed that an increase with age also
occurs in type 1 VWD patients, which is in accordance

with a smaller recent study [22]. This longitudinally mea-
sured increase in VWF parameters with age within elderly
patients was not found in type 2 VWD. In addition, cen-
trally measured VWF:Act does not increase with age in
type 2 VWD. Interestingly, compared with their respec-
tive < 65 years age group, elderly type 2 patients suffered
from more bleeding that required desmopressin or
replacement therapy in the year preceding inclusion. Con-
versely, in type 1 patients, this bleeding rate was similar
in elderly and younger patients. Unfortunately, we were
not able to analyze difference within type 2 VWD,
because of the low number of the various subtypes. How-
ever, we have previously shown that 2B and 2A patients
had a more severe bleeding phenotype, which is in accor-
dance with Castaman et al. [3,23]. These data suggest that
the increase in VWF and FVIII levels observed in elderly
type 1 patients may mitigate an agerelated increase of
bleeding. The increase in plasma levels is possibly physio-
logical, as it also occurs in healthy individuals. Also, with
increasing age, higher levels of VWF and FVIII may be
necessary for adequate hemostasis in both healthy and
VWD individuals. Tosetto ef al. [4] have shown that
bleeding score did not increase with age in healthy con-
trols. At the same time, as a consequence of the increase
in VWF parameters elderly patients with mild type 1
VWD may no longer meet the current diagnostic criteria
for VWD [6].

The bleeding pattern in VWD observed in this study
also clearly evolves with increasing age. In the year pre-
ceding inclusion in the study, more elderly patients suf-
fered from gastrointestinal bleedings than younger
patients. Also, the lifetime prevalence of gastrointestinal
bleeding was higher in elderly patients than in younger
patients. This has also been observed in the general
elderly population [24] and could be explained by the
occurrence of degenerative intestinal changes and angi-
odysplasia in the elderly [25]. It is known from the gen-
eral population that approximately 35-45% of all
patients presenting with upper gastrointestinal bleeding
are over the age of 60 and that the incidence rate of lower
gastrointestinal bleeding increases more than 200fold
from the third to the ninth decade of life [26,27]. Gastro-
intestinal bleedings are often severe and difficult to treat
in VWD patients, indicating a possible benefit from pro-
phylactic treatment in elderly patients [28,29]. The
increase in bleeding in the year before inclusion may also
be driven by hemarthrosis, which could be related to
degenerative osteoarticular changes in the elderly patients.
However, in our study, chronic arthropathy occurred in
28% of elderly VWD patients, which is much lower than
the prevalence reported in elderly hemophilia patients
(69% and 95% for elderly with severe disease) [30,31],
probably because hemarthrosis is less common in VWD
than in hemophilia.

In VWD patients who underwent a surgical interven-
tion, we also found that elderly patients reported more
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postsurgical  bleeding than younger ones, possibly
because they had undergone more major surgical proce-
dures, such as orthopedic surgery, which is characterized
by a high bleeding risk [32]. Indeed, in our cohort more
orthopedic interventions were performed in elderly
patients than in younger ones (22/64, 34% vs. 104/495,
21%; P =0.019). In order to reduce postsurgical bleed-
ing in elderly VWD patients, it may be necessary to
adjust preoperative and/or postoperative treatment on the
basis of FVIII and VWF levels. However, before conclu-
sions can be drawn, this should be studied prospectively.

To our knowledge, this is the first report on comorbid-
ities in elderly VWD patients. Many elderly individuals
with VWD suffer from comorbidities, which might inter-
act with VWF levels or VWD treatment. If comorbidity
induces a less active lifestyle, patients may suffer fewer
bleedings. On the other hand, the frequency and severity
of bleeding may increase if more surgical procedures or
treatments with antiplatelet and anticoagulant drugs or
chemotherapy are needed because of comorbidities. In
our cohort of 71 elderly patients, HI'V did not occur and
chronic hepatitis B and C infections were rare, but higher
than in the general population, with a prevalence of 0.4%
and 0.002%, respectively [33,34]. This is in contrast to
elderly hemophilia patients [11,35], in whom the preva-
lence of HIV infections ranges from 3.5% to 13%, and
that of hepatitis C infections ranges from 69% to 92%
[30,36]. Although some patients may have died before
inclusion, most VWD patients probably received less fac-
torreplacement therapy than hemophilia patients, and
therefore suffered fewer
infections [37].

In our study, a quarter of elderly VWD patients had a
history of malignancies and 5% of all patients > 16 years
selfreported a prevalent cancer, which is higher than the
prevalence of 3.5% in the general Dutch population [38].
In VWD patients, the management of cancer remains a
challenge for physicians. Diagnostic and elective proce-
dures may require proper replacement therapy, and the
fact that thrombocytopenia is a wellknown sideeffect of
chemotherapy means that more treatment of VWD might
be needed to prevent or treat a bleed [39].

Several elderly patients suffered from various cardio-
vascular disorders, mainly cardiac arrhythmias, angina
pectoris and heart valve disease. We have recently shown
that VWD patients have a lower prevalence of coronary
heart disease, acute myocardial infarction and ischemic
stroke, a higher prevalence of hypertension and a similar
prevalence of diabetes and obesity compared with the
general population [12]. In the current study, 66% of our
elderly patients had hypertension, which is similar to the
prevalence of hypertension in the general elderly popula-
tion (between 46% and 70%) [17]. VWD patients with
cardiovascular disease are often treated with anticoagula-
tion or antiplatelet drugs, which could result in a more
severe bleeding phenotype. The balance between the risk

transfusiontransmitted  viral
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of bleeding and the risk of rethrombosis should be care-
fully evaluated in VWD patients with cardiovascular
events. Guidelines on the management of cardiovascular
disease in VWD patients are lacking and further research
on this subject is needed [40]. We also compared the co-
morbidities between the patients < 65 years and the
elderly based on their selfreported comorbidities. As
expected, comorbidities were reported more frequently
by elderly patients, especially for hypertension, diabetes,
cancer, cardiovascular disease and depression.

The strength of our study is that we included a large
number of elderly VWD patients and that our population
covered almost all the patients with moderate or severe
VWD in the Netherlands. Secondly, this is the first study
on bleeding phenotype and VWF parameters in elderly
VWD patients. However, the study also has some limita-
tions. First, laboratory assays for VWF:Ag, VWF:RCo
and FVIIL:C have improved over time and there may be
variability in the results of these assays. Next, the more
measurements of VWF and FVIII were available for a
single patient in the past 30 years, regression to the mean
may have been observed. In addition, there may be some
recall bias with regard to bleeding episodes and severity,
because it is a crosssectional study based on a self-
administered questionnaire. As we believe that recall bias
was more likely to occur in older patients than in younger
ones, and to be higher for less severe bleeding symptoms
than for more severe bleedings, it might influence not
only the rate of bleeding symptoms, but also the reported
treatment and comorbidity. To minimize recall bias, we
verified the medical records of all elderly patients and
analyzed separately data on bleeding symptoms in the
year preceding inclusion in the study.

Another limitation is that the Tosetto Bleeding Ques-
tionnaire was used to calculate the lifetime prevalence of
bleeding symptoms. This is a cumulative score, which indi-
cates that the prevalence of bleeding symptoms potentially
increases with each successive year of life. Patients might
also have experienced a ceiling effect as they had already
reached a maximum of the bleeding score early in life. We
therefore probably observed a similar bleeding score for
elderly and younger patients. In addition, patients born
before 1964 may not have received highquality clotting-
factor concentrates in their first years of life, and may
therefore have had severe bleedings that are included in
the Tosetto Bleeding Score. We therefore also analyzed
the bleeding symptoms occurring in the year preceding
inclusion in the study, which is considered a better mea-
surement for a patient’s current bleeding phenotype.

In conclusion, VWF parameters and bleeding pheno-
type evolve with increasing age in VWD patients. VWF
and FVIII levels increase with age in elderly type 1
patients with no amelioration in bleeding phenotype. In
type 2 patients VWF and FVIII levels do not increase
with age within the elderly population and in these
patients aging is accompanied by increased bleeding.
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