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Introduction: The severity of Von Willebrand disease (VWD) is currently based on

experience with the disease. The most recent VWD guidelines highlight the need for
Funding information patient-reported outcomes (PROs) in VWD.

Stichting Haemophilia; CSL Behring Aim: The study aimed to investigate the patient-perspective on VWD severity and to
identify key factors that determine the severity of disease experienced by patients.
Materials and methods: Patients participated in a nationwide cross-sectional study
on VWD in the Netherlands (WiN-study). Patients filled in a questionnaire containing
questions on the experienced severity of VWD (4-point scale), bleeding score (BS) and
quality of life (QoL).

Results: We included 736 patients, median age of 41.0 years (IQR 23.0-55.0) and
59.5% were women. A total of 443 had type 1, 269 type 2 and 24 type 3 VWD. Self-
reported severity of VWD was categorized as severe (n = 52), moderate (n = 171),
mild (n = 393) or negligible (n = 120). Classification by historically lowest FVIII:C
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levels < 0.20 IU/mL as a proxy for severe VWD aligned with patient-reported sever-
ity classification with a 72% accuracy. Type 3 VWD (OR = 4.02, 95%Cl: 1.72-9.45),
higher BS (OR = 1.09, 95%Cl: 1.06-1.11), female sex (OR = 1.36, 95%Cl: 1.01-1.83),
haemostatic treatment in the year preceding study inclusion (OR = 1.53, 95%Cl: 1.10-
2.13) and historically lowest VWF:Act levels (OR = 0.26, 95%Cl: 0.07-1.00) were
independent determinants of patient-reported severity.

Conclusion: This study shows that patient-reported data provide novel insights into
the determinants of experienced disease severity. Our findings highlight the need for
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1 | INTRODUCTION

Von Willebrand factor (VWF) has an important function in primary
haemostasis by mediating the adhesion and aggregation of platelets
at the site of injury.! Von Willebrand disease (VWD) is caused by a
deficiency of VWF and is characterized by a heterogeneous bleed-
ing phenotype. The disease is categorized into three types: VWD with
reduced VWF levels (type 1), dysfunctional VWF (type 2) or absence of
VWF (type 3).2

The objective severity classification from a physician’s perspective
is usually based on VWF antigen and activity levels.3-¢ A complicat-
ing factor is that VWF levels may increase over time in the majority
of patients, but the effect of this phenomenon on bleeding and disease
severity is unknown.” Notably, studies on the correlation of VWF lev-
els and bleeding symptoms show similar bleeding phenotypes across
the range of VWF levels, especially between 0.20 and 0.50 IU/mL.8

Current VWD severity classifications are based on binary eval-
uations of VWF:Act or FVIII:C levels, with varying cut-off points.”
Federici classified VWD more precisely as severe with VWF:RCo lev-
els < 0.10 1U/mL, moderate between 0.10 and 0.30 IU/mL or mild
between 0.30 and 0.50 1U/mL.2 Nonetheless, there are no uniform
definitions and cut-off values for disease severity mentioned across
worldwide guidelines on the diagnosis of VWD.*~¢

The need for novel data on severity classification is illustrated
by a recent survey that was conducted amongst patients, caregivers
and healthcare professionals to prioritize the research topics as input
for the latest guidelines on the diagnosis and management of VWD.
Both patients/caregivers and health care providers put emphasis on
diagnostic criteria and classification.’° The latest VWD guidelines,
therefore, highlight the need for patient-reported outcomes (PROMs)
in VWD.1112 Health-related quality of life (HR-QoL) has been stud-
ied previously in VWD,3-15 but the key factors that contribute to the
disease burden remain elusive.

The current study aims to provide more data on the experience of
disease severity in VWD patients. First, we compare patient-reported

outcomes (PROs) to the various laboratory-based severity classifica-

studies on PROs with validated questionnaires to assess the burden of VWD.

classification, disease severity, patient reported outcome measures, quality of life, Von Willebrand

tions. Second, we identify factors that contribute to the perceived
disease severity of VWD patients using data from the Willebrand in the
Netherlands (WiN) study.

2 | MATERIALS AND METHODS
2.1 | Patient selection

The patients included in this study are from the nationwide cross-
sectional study on VWD in the Netherlands, the WiN study, of which
inclusion occurred between 2007 and 2009 in all Hemophilia Treat-
ment Centers in the Netherlands. The study was performed according
to the Declaration of Helsinki and has been approved by the Medical
Ethical Committees of the participating centres. All study participants

signed informed consent at inclusion.

2.2 | Assessment methods

Patients filled out an extensive questionnaire for inclusion in the WiN
study. The questionnaire contained questions on the severity of VWD
from patients’ perspective and VWD treatment during their lifetime.
These questions were answered mostly by the parents of children
below 16 years. Bleeding scores (BS) were assessed using a self-
administered condensed version of the Tosetto BS, with normal scores
defined as < 4 for males and < 6 for females.2®1” Blood samples
were drawn for the central measurement of VWF and FVIII activity
(FVIII:C) levels at study inclusion in the Erasmus MC, and VWF propep-
tide (VWFpp) levels were measured in the Leiden University Medical
Center (LUMC). The assays used for these central measurements have
been described previously and are defined as central levels throughout
the manuscript.17:18

The Dutch version of the Short Form-36 (SF-36) questionnaire,
which contains a physical component summary (PCS) and mental com-

ponent summary (MCS), was used to assess the generic QoL.17-2!
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Scores were calculated using standard algorithms, with a score of 50
representing the mean in the US reference population.?2 This instru-
ment proved valid and reliable across multiple patient groups and
cultures, except children, and was used in previous studies on inherited
bleeding disorders.2324

2.3 | Definitions
In the questionnaire, the patients’ perspective on VWD severity was
assessed on a 5-point scale: negligible, mild, moderate, severe and crit-
ical. For analytic purposes, we combined the severe and critical groups
due to a relatively small number of patients. The clinical phenotype is
primarily defined throughout the manuscript as the cumulative BS.
Patients in the WIiN study were included based on the following
criteria: haemorrhagic symptoms or a family history of VWD; and
historically lowest VWF antigen level (VWF:Ag); and/or VWF activ-
ity (VWF:Act) <0.30 IU/mL; and/or FVIII:C <0.40 IU/mL. Patients
were categorized as type 1 (VWF:Act/VWF:Ag > 0.7), type 2
(VWF:Act/VWF:Ag <0.7) or type 3 VWD (VWF:Ag, VWF:Act and
VWEF propeptide (VWFpp) <0.05 IU/mL), based on the levels at WiN
study inclusion.! Laboratory phenotype was categorized according to
several literature-based classifications derived from either historically
lowest VWF and/or FVIII:C levels or VWF and/or FVIII:C levels at

study inclusion.3-¢¢

2.4 | Statistical analysis

Statistical analyses were performed in R version 4.3.1. (2023-06-16).
The normality of data was assessed visually. Missing data were not
replaced. Categorical variables were presented as frequencies and
percentages. For normally distributed data, continuous variables were
presented as mean and standard deviation (sd). For skewed data,
continuous variables were presented as median and interquartile
range (IQR).

To compare reported severity groups, p-values were computed with
chi-square tests for categorical variables and Kruskal-Wallis tests for
continuous variables. We assessed differences in BS items between
males and females with Mann-Whitney tests. P-values below .05 were
defined as statistically significant. Multiple testing corrections, using
the Bonferroni method, were applied when necessary.

We comprised patient-reported data into two or three groups to
match literature-derived VWD severity classifications, and computed
cross tables to calculate the accuracy of agreement between these
observations. For binary assessments, we merged the negligible and
mild groups, and the moderate and severe groups. For assessments
with three groups, the moderate and severe groups were unified. Accu-
racy of agreement was calculated by computing a percentage based
on the number of concurring observations, represented by the table
diagonal, divided by the totality of observations.

In the multivariate analyses on factors associated with patient-
reported severity, we used ordinal logistic regression models with

patient-reported severity on a 4-point scale as the independent

van KWAWEGEN ET AL.

variable. The dependent variables were: sex, BS, VWD type, blood
group, central and historically lowest VWF and FVIII activity levels,
haemostatic treatment in the year preceding study inclusion, use of
haemostatic treatment or other medications, and hospital admission
because of bleeding. Haemostatic therapy encompasses at least
desmopressin, VWF/FVIII concentrate or cryoprecipitate. Other medi-
cations include tranexamic acid, hormonal therapy and iron suppletion.
We corrected for age to adjust for the cumulative nature of the BS. We
used backward selection to eliminate terms with the highest p-values
from the full model, reducing the model until a stopping rule was met
atap <.05 threshold.

3 | RESULTS

From the total study population of 834 patients, 98 patients did not
classify the severity of their VWD at inclusion. Therefore, patient-
reported data on disease severity was available for 736 patients. Of
these patients, 59.5% (n = 438) were female and 54.8% (n = 403) had
blood group O. The median age at inclusion was 41.0 (IQR 23.0-55.0)
years and 128 children under 16 years of age were included in the
study.

Based on VWF levels at study inclusion, 60.2% (n = 443) had VWD
type 1, 36.5% (n = 269) had VWD type 2 and 3.2% (h = 24) had
VWD type 3. For patients with available VWF:Act levels at inclusion
(n = 572), based on the laboratory severity classification by Federici,
we identified 225 (39.3%) mild, 187 (32.7%) moderate and 160 (28.0%)
severe VWD patients. For patients with available historically lowest
VWEF:Act levels (n = 574), based on the same classification method, we
noted 44 (7.7%) mild, 341 (59.4%) moderate and 189 (32.9%) severe
patients.

Data on disease severity from the patients’ perspective identified
four categories of increasing severity (Table 1).

3.1 | Patient-reported vs. laboratory-based
severity classification

To assess the concordance between patient-experienced and the
laboratory-based classification by Federici,? we twice categorized lab-
oratory phenotype as mild, moderate and severe, based on central and
historically lowest VWF:Act levels.

Our analysis revealed that 211 individuals (36.9%) concurred with
the severity classification assigned to them based on VWF:Act lev-
els. Notably, for a substantial number of 234 patients (40.9%) we
underestimated disease severity, since we assigned them a lower
severity category than they would assign themselves. On the other
hand, we overestimated disease severity for 127 patients (22.2%),
assigning them a higher severity category than they would themselves
(Figure 1A). The same analysis with historically lowest VWF:Act lev-
els showed a higher number of 286 patients (49.8%) who reported
disease severity in alignment with the laboratory-based classification.
Disease severity was now underestimated for 121 patients (21.1%) and
overestimated for 167 patients (29.1%) (Figure 1A).
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TABLE 1 Patient demographics and phenotype per patient-reported severity category.

Negligible (n = 120) Mild (n = 393) Moderate (n = 171) Severe (n=52)
Female sex, n (%) 64 (53.3) 226(57.5) 114 (66.7) 34 (65.4)
Blood group, n (%) 60 (50.0) 221(56.2) 98(57.3) 24 (46.2)
Type of VWD
1,n (%) 82(68.3) 241(61.3) 93(54.4) 27(51.9)
2,n (%) 38(31.7) 146 (37.2) 70(40.9) 15(28.8)
3,n (%) 0(0.0) 6(1.5) 8(4.7) 10(19.2)¢

Age at inclusion, median [IQR]

Haemostatic parameters at inclusion

39.5[24.0-55.0]

40.0[23.0-53.0]

43.0[25.5-58.5]

45.0[16.5-55.8]

VWEF:Ag in lU/mL, median [IQR] 0.35[0.24-0.45] 0.29[0.17-0.45]° 0.27[0.16-0.42]* 0.24[0.09-0.40]°
VWEF:Act in IU/mL, median [IQR] 0.31[0.16-0.58] 0.23[0.08-0.51]* 0.17[0.06-0.391° 0.12[0.00-0.441°
VWEF:CB in IU/mL, median [IQR] 0.33[0.14-0.56] 0.22[0.08-0.50]° 0.14[0.06-0.40]° 0.11[0.02-0.40]°
FVII:Cin lU/mL, median [IQR] 0.56[0.42-0.75] 0.50[0.33-0.73]° 0.47[0.29-0.65]° 0.36[0.06-0.67]°
VWFpp in IU/mL, median [IQR] 0.95[0.71-1.18] 0.93[0.73-1.19] 0.97[0.72-1.25] 0.82[0.57-1.11]
Phenotypical parameters
Bleeding score, median [IQR] 6[3-10] 9[5-14]? 14[9-20]° 13[9-21]P
n=102¢ NETSZAC n=146¢ n=394

50.3[36.6-55.91°
52.8[43.1-57.1]

39.4[28.1-50.1]
51.5[42.8-55.7]

SF-36 physical (PCS), median [IQR]
SF-36 mental (MCS), median [IQR]

55.4[48.3-58.5]
54.0[50.4-57.4]

54.2[47.5-57.3°
54.0[48.9-57.2]

aSignificantly different in comparison to the negligible group.

bSignificantly different in comparison to negligible and mild groups.

Significantly different in comparison to negligible, mild and moderate groups.

dChildren were excluded from analyses with the SF-36 questionnaire.

ep < .05 shows a significant association between type 3 VWD and the patient-reported ‘severe’ category.
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FIGURE 1 Classification of patient-reported severity compared to literature classifications. Every column was derived from a cross-table that
compares patient-reported severity to a single literature-derived severity classification. To comprise the cross-tables, patient-reported data was
divided into two or three groups to fit the opposing rating system. The grey fields correspond to the accuracy of the agreement. The green fields
represent the proportion of cases in which the reported severity was overestimated by the existing classification. The red fields represent the
proportion of cases in which the reported severity was underestimated by the existing classification. All outcomes are represented as proportions
of the total amount of patients per cross-table, expressed in percentages (%). (A) Federici classification.® (B) Several other classifications with
cutoffs for severity are described on the x-axis.*~¢
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FIGURE 2 Patient-reported severity and VWD type.
Patient-reported severity was assessed by means of a 5-point scale:
negligible, mild, moderate, severe and critical. The critical and severe
groups were then combined.

We performed similar comparisons between patient-reported
VWD severity and various binary severity classifications obtained from
literature, based on central or historically lowest laboratory levels#-¢?
(Figure 1B). The highest percentage of correct classification between
patient-reported and laboratory-based severity of VWD was found for
historically lowest and central FVIII:C levels < 0.20 IU/mL as a proxy for

severe VWD, reaching a 72% accuracy (Figure 1B).

3.2 | Determinants of patient-reported severity

To identify the key factors contributing to higher patient-reported
disease severity, we assessed the clinical phenotype of the included
patients (Table 1). We found a significant association between type 3
VWD and the self-reported ‘severe’ category (p < .01). This was illus-
trated by a high proportion of type 3 patients (41.7%) considering their
disease as severe, compared to type 1 (6.1%) and type 2 (5.6%) patients
(b < .05, Figure 2). None of the type 3 patients reported negligible
severity. Notably, the reported severity of type 1 and type 2 patients
was similarly distributed (p = .16, Figure 2).

3.3 | Patient-reported severity and VWF
laboratory levels

Patients who reported mild, moderate or severe disease had simi-
lar VWF:Ag, VWF:Act, VWF:CB and FVIII:C levels(Figure 3). Patients
who reported their disease as negligible had higher VWF:Ag, VWF:Act,
VWEF:CB and FVIII:C levels than moderate and severe patients (p < .01
for all, Figure 3).

3.4 | Patient-reported severity and bleeding score
Of all patients with normal BS, only a small proportion (2.1%) reported
VWD as severe. In contrast, 15.3% of patients with BS > 20 reported
VWD as severe (p <.001).

van KWAWEGEN ET AL.

TABLE 2 Factors contributing towards patient-reported severity
of VWD.
OR 95% Cl p-value
Female sex 1.36 1.01-1.83 .04
Age at inclusion 0.99 0.99-1.00 .05
Type 32 4.02 1.72-9.45 <01
Bleeding score 1.09 1.06-1.11 <01
Haemostatic treatment in the 1.53 1.10-2.13 .01
year preceding inclusion
Historical VWF:Act in 1U/mL 0.26 0.07-1.00 .05

2Reference category is type 1.

For each level of reported disease severity, the overall BS seemingly
increased, indicating a correlation between higher reported sever-
ity categories and higher BS (p < .01, Figure 4A). Subgroup analysis
revealed that the negligible category was associated with lower BS
than all other categories (p <.01 for all). Additionally, patients with mild
reported severity had lower BS than those in the moderate and severe
groups (p < .01 for both). Patients who reported moderate and severe
disease had similar BS (p = 1.00).

The BS encompasses multiple bleeding items, almost all of which
contributed to these findings. Exclusively, postpartum haemorrhage
(PPH) and central nervous system (CNS) bleeding did not show signif-
icance for this comparison (Figure S1). Furthermore, when comparing
males and females with severe VWD, there was similarity across most
bleeding items (Figure S2A-D). Females had higher mean scores for
cutaneous bleeds (0.77 + 0.65 vs. 1.24 + 0.43,p < .01), males had higher
mean scores for muscle bleeds (0.88 + 1.49 vs.0.23 + 0.78, p = .03).

3.5 | Patient-reported severity and quality of life
Results from the SF-36 showed that increased reported severity cor-
responded with lower HR-QoL scores for the physical domain (p < .01,
Figure 4B). Subgroup analysis showed that patients who reported
severe VWD had SF-36 PCS scores below the reference population
mean (Table 1). The MCS scores were similar for each severity category
(p =.125, Figure 4C) and above the reference mean for each category
(Table 1).

3.6 | Multivariate analysis of patient-reported
severity

From an ordinal logistic regression model, we derived that there were
several significant contributors to patient-reported disease severity
(Table 2). Patients with type 3 VWD were more probable to report
higher disease severity compared to patients with type 1 VWD (OR
4,02, 95%Cl: 1.72-9.45), whereas this was not found for type 2 VWD
patients (OR 0.91, 95%Cl: 0.66-1.26). Females were more probable to
report higher severity of VWD compared to males (OR 1.36, 95%Cl:
1.01-1.83).
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Patient-reported severity and clinical phenotype. Patient-reported severity on a four-point scale in relation to (A) the Tosetto VWD

bleeding score, (B) the SF-36 physical domain (normal mean score 50 depicted by horizontal dashed line), and (C) the SF-36 mental domain (normal
mean score 50 depicted by horizontal dashed line). *Significant result after correction for multiple tests.

Higher historically lowest VWF:Act levels correlated significantly
with lower reported disease severity by patients in our cohort (OR
0.26, 95%Cl: 0.07-1.00), indicating that for each IU/mL increase in
historically lowest VWF:Act levels, the odds of reporting greater
severity decreased. Central VWF:Ag, VWF:Act and FVIII:.C levels and
historically lowest VWF:Ag and FVIII:.C levels were not independent
determinants of patient-reported severity.

From a clinical perspective, a higher BS was a significant deter-
minant of patient-reported severity (OR 1.09, 95%Cl: 01.06-1.11),
indicating that for each point increase in the BS, the odds of reporting
greater severity increased. Additionally, patients who received haemo-
static treatment with desmopressin or VWF/FVIII concentrate due
to bleeding within 1-year preceding inclusion were more probable to
report higher VWD severity (OR 1.53, 95%Cl: 1.10-2.13).

4 | DISCUSSION

We found that PROs provided novel insights into the determinants of
VWD severity, beyond the established severity classifications based
solely on VWF levels.*"¢ The highest concordance with patient-
reported disease severity was found when FVIII:C levels < 0.20

IU/mL were used as a proxy for severe disease. However, we iden-
tified multiple additional independent determinants that influence
patient-reported disease severity, such as higher BS and type 3 VWD.
Disease severity is a crucial concept in clinical medicine, play-
ing a vital role in the diagnostic process and the development of
treatment plans. The exclusion or devaluation of the patients’ perspec-
tive during diagnosis may negatively impact HR-QolL, since a strong
patient-physician partnership is known to reduce disease burden.?
Understanding the timing and reasons behind patients’ perceptions of
disease severity is essential for creating effective and informed treat-
ment plans, such as determining the frequency of hospital visits, and
prioritizing treatment elements. Given the growing emphasis on shared
decision-making in healthcare, patient input is expected to become
increasingly valuable. To our knowledge, this study represents the first
large cohort analysis comparing PROs on disease severity with clin-
ical and laboratory parameters. Despite data collection occurring 15
years ago, the findings remain relevant today as the laboratory-based
severity classification criteria have also been used since 2004.3
Although VWF and FVIII activity levels seem to univariately reflect
patient-reported severity in the majority of cases in this study, multi-
variate analysis revealed that only historically lowest VWF:Act levels
were independently associated with patient-reported severity. Given
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that VWF levels can increase over time in the majority of patients,”
relying solely on laboratory levels to classify VWD severity has lim-
itations and severity classifications may have to be reconsidered
periodically.

Disease severity may be underestimated in patients with high labo-
ratory levels who report severe disease. They can experience bleeding
that is not properly assessed in a BS, such as recurring bleeds. Also, the
negative effects of bleeding sequelae, such as joint bleeds or bleeds
with emotional or social effects, can be underestimated in bleeding
assessment tools.2427 Conversely, patients with low laboratory levels
who report mild disease may perceive VWD as less severe due to a
lack of haemostatic challenges, normalizing bleeding perception over
time or because of family members, or specific pathophysiology. VWF
levels in type 1C patients are particularly low due to high clearance
of VWEF, but they experience limited bleeding, possibly due to normal
production and secretion of VWF.2827

Although the clinical phenotype, particularly bleeding, was iden-
tified as an important determinant of patient-reported VWD sever-
ity, we were unable to precisely discover which type of bleeding
contributes most significantly. Bleeding assessment tools, though
not designed for self-administration, have proven reliable and feasi-
ble compared to physician-administered scores.”3% Qur validation
method involved comparing randomly selected patients with matched
controls, showing comparability between self-completed and expert-
administered scores.!” However, the cumulative nature of the BS may
obscure the effects of recent and recurring bleeding episodes, as a sin-
gle treatment with VWF concentrates can saturate the scoring system
for that particular bleeding item.

The suggestion that recent bleeding weighs more heavily for
patients than past bleeding episodes is in line with studies that
show increased underreporting of healthcare service utilization over
time.31-33 Additionally, we found that haemostatic treatment in the
year preceding study inclusion independently influenced patient-
perceived disease severity, but treatment or hospital admission in the
past did not.

Recurring bleeding, like heavy menstrual bleeding (HMB) is
reported in over 80% of females with VWD,7:34 and may explain why
we found that females are more probable to report higher severity
than males. Women may classify their VWD as more severe based
on these recurrent bleedings, and consequently, it is probable that
women-specific bleeding is underestimated in clinical practice. Future
studies should periodically assess PROs to mitigate this type of bias.

Our study was limited by the absence of validated and VWD-specific
questionnaires with a severity scale for assessing HR-QoL,3> which
left room for interpatient interpretation of response options regard-
ing disease severity. Disease-specific PROMs exist for haemophilia,
but were not validated for VWD and other inherited bleeding
disorders.3¢37 Recently, we studied PROs measurement information
systems (PROMIS) in non-severe VWD and showed that they are a
feasible, valid, and reliable alternative for the SF-36v2.%8 Additionally,
our study was unable to explore the perspectives of elderly patients,
a growing population of VWD patients who face unique haemostatic

challenges, such as falls and surgery.3%° The patients’ perspective on
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VWD among elderly individuals could be a valuable avenue for future
research.

5 | CONCLUSION

To summarize, patient-experienced severity is affected by a complex
interplay of demographics, laboratory parameters, bleeding episodes,
physical discomfort and the timing of consultation. It, therefore, seems
too straightforward to base our classification of VWD severity in guide-
lines solely on laboratory parameters. We showed that, for a variety
of laboratory cut-off levels, the patients’ experiences deviate from
the current severity classification. We also pitched multiple determi-
nants that influence disease severity from the patients’ perspective,
of which type 3 and higher BS were the most significant. The inte-
gration of disease-specific PROMs may enhance our understanding of
disease perception, identify more determinants of disease severity and

improve patient-centred care in VWD diagnosis and management.
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