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von Willebrand factor: aging is better?

. Between the ages of 40 and 70, VWF increases by 18

International Units (IU)/dL every 10 years [START_REF] Biguzzi | Rise of levels of von Willebrand factor and factor VIII with age: role of genetic and ac-quired risk factors[END_REF]. The increase is significantly higher in subjects with non-O versus O blood groups [START_REF] Biguzzi | Rise of levels of von Willebrand factor and factor VIII with age: role of genetic and ac-quired risk factors[END_REF], with the exception of centenarians in whom the difference between ABO groups is erased [START_REF] Coppola | Von Willebrand factor in Italian centenarians[END_REF]. It is also interesting to note that the difference according to ABO group does not exist in infancy until the age of 1 [START_REF] Klarmann | Association of ABO(H) and I blood group system devel-opment with von Willebrand factor and Factor VIII plasma levels in children and adolescents[END_REF].

Liu et al. [START_REF] Liu | Dynamic and functional linkage between von Willebrand factor and ADAMTS-13 with aging: an ARIC study[END_REF] took the opportunity to measure VWF levels and associated parameters over time in subjects selected from the Atherosclerosis Risk In Communities (ARIC) study. The ARIC project was funded in 1985 to conduct population based surveillance for myocardial infarction, incidence, and coronary heart diseases mortal-ity in 4 United States communities. ARIC recruited a cohort of 15,792 Black and White adults aged 45 to 64 years to participate in 7 clinic examinations and >30 years of prospective follow up [START_REF] Wright | The ARIC (Atherosclerosis Risk In Com-munities) study[END_REF]. Only the first 4 visits carried out every 3 years from 1986 to 1998 were used for the present study. Depending on the availability of plasma samples for at least 3 of these 4 visits, 1042 subjects aged approximately 53 years old at the first visit were studied repeatedly over a 10-year period.

This longitudinal study of variations in VWF over time in the same subjects is a major strength of this study compared with the cross-sectional studies reported above.

However, the special features of the population studied are worth noting. The authors have chosen to focus on 2 groups of individuals: those with a VWF:antigen (Ag) level ≤ 50 IU/dL (15.5%) and those with a VWF:Ag ≥ 200 IU /dL (50.4%) at visit 1. Of the 162 individuals with a VWF:Ag level ≤ 50 IU/dL at visit 1, 43 (26.5%) maintained this low level for at least 2 subsequent visits (persistent low VWF). Among the 525 individuals with a VWF:Ag level ≥ 200 IU/dL at visit 1, 260 (49%) maintained this high rate over at least 2 subsequent visits (persistent high VWF). The rest of the population is a reference group with VWF:Ag levels ranging from 80 to 120 IU/dL. Overall, the authors observed a mean increase in VWF:Ag of 22 IU/dL over 10 years, associated with an increase in VWF propeptide (VWFpp), VWF:ristocetin cofactor (RCo) (6.9% over 10 years) and FVIII. The VWFpp/VWF:Ag ratio did not change over time. The VWF:RCo/VWF:Ag ratio increased slightly over time. In this population, the VWF:RCo/VWF:Ag ratio is quite low (inter quartile 1 <0.7 at all visits) which, in the absence of any qualitative VWF abnormality, could possibly be linked to the interference of certain single nucleo-tide polymorphisms such as p.Asp1472His (relatively frequent in the African American and Caucasian populations) that affect the ristocetin-binding site on VWF [START_REF] Flood | Common VWF exon 28 polymorphisms in African Americans affecting the VWF activity assay by ristocetin cofactor[END_REF].

For this reason, it would currently be advisable to prefer assays that measure the platelet-binding activity of VWF (eg, VWF:glycoprotein [Gp]IbM; VWF:GpIbR) over the VWF:RCo [START_REF] James | ASH ISTH NHF WFH 2021 guidelines on the diagnosis of von Willebrand disease[END_REF].

The group of 43 individuals classified as persistent low had several distinctive features compared with the persistent high and control groups: they were predominantly White (72%) and had blood group O (81%); the VWF:Ag level increased over time (while remaining below 50 IU/dL at visit 4); their levels of VWFpp varied considerably, but were systematically the highest at each of the 4 visits, suggesting an increase in VWF synthesis and release, although at the same time their higher FVIII/VWF:Ag ratio compared with the subjects classified as persistent high could, on the contrary, reflect reduced VWF synthesis or secretion; their VWF:RCo/VWF:Ag ratio tended to increase over time and were significantly higher at all 4 visits compared with persistent high and control subjects, leading the authors to propose the concept of hyperadhesive forms of VWF, which would reduce the bleeding risk in these subjects keeping a low VWF concentration.

The persistent low VWF group is similar in some aspects to the "low VWF" defect described elsewhere, which is the most common form of von Willebrand disease resulting from a decrease in VWF synthesis and enhanced VWF clearance [START_REF] Donnell | Low VWF: insights into pathogenesis, diagnosis, and clinical management[END_REF]. The high prevalence of group O subjects in the persistent low VWF group (81%) is similar to that observed in "low VWF" (89% in the LoVIC study) [START_REF] Lavin | Novel insights into the clinical phenotype and patho-physiology underlying low VWF levels[END_REF]. A priori, the subjects recruited in the ARIC study did not present significant bleedings, but the details are not known. A progressive age-associated increase in VWF occurs also in case of "low VWF" (1.9 IU/dL per year) [START_REF] Lavin | Novel insights into the clinical phenotype and patho-physiology underlying low VWF levels[END_REF]. In the ARIC study, while 73% of subjects with <50 IU/dL at visit 1 corrected this deficit at subsequent visits, 27% maintained this low-ered level after 10 years at an approximate age of 63 years, but the correction could occur at a later age.

The multimeric size and hemostatic functions of VWF are regu-lated by ADAMTS-13, a metalloprotease that cleaves the platelet-hyperadhesive ultra-large VWF multimers. As shown in several studies on a large number of healthy subjects, ADAMTS-13 levels vary over time. ADAMTS-13 (antigen and activity) decreases with age [START_REF] Coppola | Von Willebrand factor in Italian centenarians[END_REF][START_REF] Kokame | von Willebrand factor-to-ADAMTS13 ratio increases with age in a Japanese population[END_REF][START_REF] Al-Awadhi | Investigating the influence of age, gender and ABO blood group on ADAMTS-13 antigen and activity levels in healthy Arabs[END_REF][START_REF] Feys | ADAMTS13 activity to antigen ratio in physiological and pathological conditions associated with an increased risk of thrombosis[END_REF] especially after the age of 60 [START_REF] Kokame | von Willebrand factor-to-ADAMTS13 ratio increases with age in a Japanese population[END_REF] or even 65 years [START_REF] Feys | ADAMTS13 activity to antigen ratio in physiological and pathological conditions associated with an increased risk of thrombosis[END_REF]. As a result of the concurrent increase in VWF, there is an increase in the VWF:Ag/ADAMTS-13 ratio, which could contribute to the pro-thrombotic state of elderly individuals [START_REF] Edvardsen | Impact of the von Willebrand factor-ADAMTS-13 axis on the risk of future venous thromboembolism[END_REF].

In the present study, the authors measured the ADAMTS-13 antigen in 77 individuals (28 persistent low, 28 persistent high, and 21 controls) whose respective ages were unknown. The ADAMTS-13 activity was assayed by measuring individual rate of VWF cleavage by mass spectrometry in 28 subjects. This clever method eliminates in-dividual variations linked in particular to the degree of oxidation, which can modify the cleavage of VWF by ADAMTS-13, which is not possible with other methods commonly used to measure ADAMTS-13 activity.

Contrary to what is usually reported in the healthy population, the authors describe an increase over time in ADAMTS-13:Ag in the persistent high group, whereas this rate hardly varies in the persistent low group and tends rather to decrease in the control group. Subjects whose VWF:Ag levels remained ≥200 IU/dL at the last visit thus had much higher ADAMTS-13:Ag levels than those measured in the persistent low and control groups. These subjects were predominantly Black (52.7%) and of non-O blood group (85%). In spite of these clearly different ADAMTS-13:Ag rates at visit 4, the ADAMTS-13:Ag/ VWF:Ag ratio at this same visit was not significantly different in the persistent low compared with persistent high VWF groups. The ADAMTS-13 cleavage activity measured in 18 individuals (no details on the type of group to which they belonged) decreased with age, which is consistent with data in the literature. Overall, there was no significant difference in the ADAMTS-13 cleavage rate between subjects with persistent low and persistent high VWF (no information on the period of the visit).

Finally, the subjects with persistent high VWF:Ag levels (≥ 200 IU/dL) were also those with the highest ADAMTS-13:Ag levels at the end of the 10-year follow-up period. This suggests a new mechanism for regulating the balance between VWF and ADAMTS-13 which can help to control the thrombotic risk in case of persis-tent high VWF.

So is aging better for VWF? According to this interesting study, for middle-aged adults who initially have rather low VWF levels, the answer is yes, since VWF levels can be corrected over time in most cases. In addition, the adhesive properties of VWF can be increased, which may reduce the bleeding risk for those who still have low VWF. For people who initially have increased VWF levels, around half will retain permanently increased levels, but this could be balanced by a concurrent increase in ADAMTS-13, which could reduce the risk of thrombosis. The very high levels of VWF found in centenarians suggest that such compensatory mechanisms may exist, although they are still largely unknown and need to be confirmed.

AUTHOR CONTRIBUTIONS

J.G. and S.S. drafted the manuscript. Both authors read and approved the final paper.

DECLARATION OF COMPETING INTEREST

There are no competing interest to disclose.