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ABSTRACT

Introduction: The National Blood Center, Kuala Lumpur interprets laboratory results for the von Willebrand factor
(VWEF) profile based on guidelines which were established based on the Caucasian population. The VWF profiles
among the Malay population has not yet been established. The current study aims to determine the VWF profiles of
the different ABO blood types among Malays and to evaluate their association with demographic characteristics and
smoking habits. Methods: One hundred and forty Malay donors were involved. Factor VIII (FVIII:C), VWF antigen
(VWF:Ag), and ristocetin cofactor (VWF:RiCof) levels and collagen binding activity (VWF:CBA) were measured by
coagulometric clot detection, latex agglutination, and enzyme-linked immunosorbent assay. Results: The majority
of donors (59.3%) were 30-49 years old, male (81.43%), non-smokers (74.3%), and overweight (71.4%). The Malay
VWEF:Ag were slightly higher than those of Caucasians, Indians, Thais, and Chinese, but the average ratios of VWF
activity (i.e., VWF:RiCof level and VWF:CBA) to VWF:Ag were slightly lower than those of the other populations. The
highest level of VWF:Ag was found among those with the B blood group, followed by types A and O. Conclusion:
Malays with type O blood had lower values of the components of the VWF profile compared to subjects with non-O
blood. The higher levels of these elements and lower VWF activity to VWF:Ag ratio in Malays compared to other
populations suggest that ethnicity impacts the plasma VWF levels and their interaction with collagen and platelets.
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INTRODUCTION

von Willebrand factor (VWF) is a plasma protein that
mediates the initial adhesion of platelets at the sites
of vascular injury and also acts as a carrier for and
stabilizer of blood clotting Factor VIII (FVIII:C) (1). As
an acute phase reactant protein, the level of VWF in
circulation varies. About 60% of this variance among
individuals is due to genetic factors, of which 30% is
due to the effect of ABO blood type (2). ABO blood type
greatly influences the VWF plasma level, as subjects
with type O blood have lower VWF levels than those
with non-O type blood (3). A person’s ABO blood type
appears to strongly influence the clearance of VWF (4).
Additionally, smoking and demographic characteristics
of individuals can affect plasma VWF levels (5, 6, 7).

Von Willebrand disease (VWD) is the most common
hereditary bleeding tendency disorder, and it occurs in
almost 1% of the world’s population (8). VWD is a highly

heterogeneous disorder with bleeding events ranging
from asymptomatic to very severe life threatening
haemorrhage (9). Of the three types of VWD, Types 1
and 3 are due to quantitative defects, whereas Type 2
is due to qualitative defects of the VWF protein (10).
Current available data reported that the VWD accounts
for 6-13% of the hereditary bleeding disorders in
developing countries (11). Of the 28 million people in
Malaysia, only 0.002% have been diagnosed with VWD
(12). Most patients were diagnosed as having VWD Type
1(77.2%) (13). Sixty-three percent of patients diagnosed
with VWD in Malaysia were Malay, and 60% were
females (13).

Previous population studies reported that VWF levels
were higher among African Americans than Caucasians
(14). These racial differences in VWF level further
complicate the issues surrounding the diagnosis of
VWD (14). Another study conducted in South Africa
with a distinct ethnic mixture of Africans, Caucasians,
and Indians reported that the African had significantly
higher VWF antigen (VWF:Ag) and Factor VIII (FVIII:C)
levels than the other groups. The researchers suggested
that the influence of ethnicity on VWF levels should
be considered in the clinical and laboratory evaluation
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of VWD (15). In the U.S. National Heart, Lung, and
Blood Institute exome sequencing project, researchers
found that some VWF missense variants, which were
commonly or uncommonly present among certain
ethnic groups, contributed to the phenotypic variation
of VWF and FVIII:C in those groups (16).

To date, most studies of VWF have been conducted
among Caucasians, and numerous studies have been
recently conducted on Chinese, Japanese, Korean,
Singaporean and Saudi. The goals of the current study
were to provide preliminary data on the components of
the VWF profile inthe Malay population and to investigate
the influence of the ABO blood group, smoking habits,
and demographic characteristics (gender, age, and body
mass index (BMI)) on the VWF profiles.

MATERIALS AND METHODS

Subjects

One hundred and forty healthy Malay regular blood
donors at the National Blood Center, Kuala Lumpur
(NBCKL) were recruited for this study. They were aged
18 years or above; male or female; had type A, B, or O
blood; not on any medication; and had no history of
tendency to bleed. A bleeding tendency questionnaire
adopted from U.S. National Heart, Lung, and Blood
Institute was used to exclude donors with increased risk
of bleeding events. The AB blood group donors were
excluded as the AB group is the least common among
the Malay population (17). Consent was obtained from
all donors. This research was approved by the Universiti
Sains Malaysia Human Research Ethics Committee
(USM/JEPeM/15080280) and the Ministry of Health
Malaysia Ethics Committee (NMRR-15-857-26266).

All of the demographic data (ABO blood type, age,
weight, and gender) were extracted from the Blood
Donor Registration Form, and each donor’s height in
meters was measured by a seca® height and weight
machine (Chino, California, USA). Each participant’s
smoking status was identified by asking whether he or
she was a smoker or non-smoker. A smoker was defined
as someone who, at the time of the study, smoked any
tobacco product either daily or occasionally, whereas
a non-smoker was someone who never smoked or
stopped smoking for more than 6 months (18).

Blood sample preparation for analyses

Blood samples for analyses were taken during the
donation (from the diversion pouch) and placed into
four 3.2% trisodium citrate tubes each containing 2.7 ml
of blood. The samples were centrifuged for 10 minutes
at 3000 rpm at room temperature within 4 hours of
collection to separate the platelet-poor plasma. Samples
were stored at —80°C until tested. Prior to testing, all
samples were thawed by incubating them in a water
bath at 37°C.

The VWF collagen binding assay (VWF:CBA) was

conducted using the enzyme-linked immunosorbent
assay (ELISA) method with a Technozym® kit
(Technoclone GmbH, Vienna, Austria) according to
manufacturer’s instructions. Briefly, diluted calibrators,
samples and control plasmas were pipetted into the
test wells. The test wells were covered with film and
incubated for 45 minutes at room temperature. Then the
samples-containing wells were washed with washing
buffer. After the last washing, wells were aspirated
thoroughly by turning them upside down. To remove
the last remnant, gentle tapped the test wells on a
blotting paper. Then, the conjugate working solution
was pipetted into the wells and covered with test strip
with film. Then stopping solution was pipetted into the
wells. The samples were shake for 10 seconds and the
absorbance were measured within 10 minutes with
Tecan® Infinite F50 ELISA reader machine (Tecan Group
Ltd, Mannedorf, Switzerland) at 450 nm.

The FVIII:C level was measured using the coagulometric
clot detection method by using the modified 1 stage
APTT substitution test based on manufacturer’s
guidelines. Briefly, 50 pL of 1:10 diluted donor plasma in
factor diluent solution and 50 pL of APTT-2 reagent, was
added to 50 pL of FVlll-depleted plasma. The mixture
was incubated at 37 °C for 4 minutes. Then 50 pL of a
0.025 mol/L calcium chloride solution was added to the
mixture. The ACL TOP 500 coagulation analyser was
used to measure the FVIII:C activities.

VWEF:Ag kit contains of latex particle which enhanced
the immunoturbidimetric assay. The coated latex
particles agglutinate when VWF containing plasma
were mixed with latex reagent and the reaction buffer.
The concentration of VWF:Ag were proportionate to the
degree of agglutination which measured by the decrease
of the transmitted light. By using the calibration curve,
the amount of VWF:Ag were determined by ACL TOP
500 coagulation analyser.

VWEF:RiCof levels were measured by the latex
particle agglutination method. Briefly, monoclonal
antibody to the receptor on the VWF were coated
with the latex particles. The latex will enhanced the
immunoturbidimetric assay to quantify the VWF:RiCof
activity. The agglutination of latex reagent produces
the increase in turbidity. The VWF:RiCof activity
were quantified by measuring the decrease of light
transmission caused by the aggregate by using an ACL
Top 500 Automated Coagulation Analyser All reagents
were obtained from the Instrumentation Laboratory
Company.

Statistical analysis

The data were analysed using Statistical Package for the
Social Sciences (SPSS) Version 23.0 (IBM, New York,
NY, United States). Results were presented as number,
percentage, and mean = standard deviation (SD).
One-way analysis of variance (ANOVA) was used to
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compare the mean VWF profile data (VWF:Ag, FVIII:C,
and VWF:RiCof and VWF:CBA) with the different ABO
blood groups and post-hoc Bonferroni used to provide
specific information on which means are significantly
different from each other. Independent t-test were
used to evaluate the association of the demographic
data and smoking habits with the VWF profiles. One-
way multivariate analysis of variance (MANOVA) was
used to evaluate the association of different ABO blood
group types with different VWF profiles. p < 0.05 was
considered to be statistically significant.

RESULTS

Table I shows the smoking, demographic, and ABO blood
group characteristics of the 140 subjects. The majority
of them were 30-49 years old, male, overweight/obese,
and non-smokers. Forty-eight participants had type O
blood, 46 had type A blood, and 46 had type B blood.

Table I: Demographic, smoking and ABO blood group characteristics
of regular Malay donors

Characteristics Number (percentage)

n (%)
Number of patients, N 140
Age (years)
<29 47 (33.6)
30-49 83(59.3)
50-69 10 (2.1)
Gender
Male 114 (81.4)
Female 26 (18.6)
Body Mass Index (kg/m?)
<25 40 (28.6)
> 25 100 (71.4)
Smoking status
Yes 36 (25.7)
No 104 (74.3)
Blood Group
A 46 (32.9)
B 46 (32.9)
O 48 (34.2)

The mean = SD values for FVIII:C, VWF:Ag, VWF:RiCof,
and VWF:CBA among the Malay subjects were 132.51
+ 35.33, 132.81 + 46.50, 97.19 + 26.07, and 95.70 +
30.20 IU/dL respectively. Table Il shows the distribution
of the VWF profile components among the ABO blood
groups. Subjects with type B blood had the highest level
of VWF profile elements, followed by A and O. Table IlI
shows the prevalence of low values of the VWF profile
components (< 50 1U/dl) among the blood groups. The
prevalence of low VWF:Ag, VWF:RiCof, and VWF:CBA
was 1.4%, 3.6% and 0.7% respectively and most of
these subjects had type O blood. Table IV shows the
ratio of VWF activity to VWF:Ag. The ratio of VWF:RiCof
to VWF:Ag in all blood groups was > 0.7 and that of
VWEF:CBA to VWF:Ag was > 0.6.

Table II: Distribution of VWF profile factors among the ABO blood
groups

Blood VWF profiles
group .
FVIII Ag VWFAg VWF RiCof VvWF CBA
(mean + s.d.) (mean + s.d.) (mean + s.d.) (mean + s.d.)
A 138.77 +37.74 143.30 +45.20 100.97 + 24.47 95.80 + 32.55
144.43 +31.69 151.37 +40.79 107.93 + 25.95 103.78 + 31.74
O 115.10 + 29.65  104.96 + 40.11 83.26 + 21.63 87.86 + 24.31

Table I11: The number of subjects (out of 140) with low levels of vWF
profile factors (< 50 1U/dl) among the ABO blood groups

VWF Ag VWEF RiCof vWF CBA
A 0 2 0
B 0 1 0
O 2 2 1
Prevalence 1.4% 3.6% 0.7%

Table 1V: Ratio of vVWF activity: VWF antigen (Ag)

Blood group  vWF RiCof: vWF Ag VWF CBA: VWF Ag
A 0.70 + 0.56 0.67 + 0.66
B 0.71 +0.51 0.68 + 0.58
O 0.79 + 0.64 0.84 + 0.66

Table V shows the different distributions of VWF profiles
among blood groups. Post-hoc Bonferroni analysis
revealed significant differences (p < 0.017) between
blood group A donors and B donors in comparison with
blood group O for all VWF factors except for VWF:RiCof
(p > 0.017).

Tables VI show the association between smoking habits,
gender, age, and BMI and VWF profiles. No significant
associations were found for any of these factors except
for age group with VWF:CBA. Multivariate analysis
(Table VII) revealed a statistically significant difference
in VWF profiles based on blood group among donors,
except blood group was not statistically different for
VWEF:CBA (F (2,137) = 3.376; p > 0.0125).

DISCUSSION

To the best of our knowledge, there are no published
data regarding the VWF profiles among the Malaysian
population. Thus, this study provides preliminary data
for Malays, who were studied because they represent
the majority (68.6%) of the country’s population (19),
make up the largest ethnic group (63.0%) among VWD
patients in Malaysia (13), and constitute 49.5% of the
donors at the NBCKL (20).

The mean FVIIEC, VWF:Ag, and VWF:RiCof and
VWEF:CBA of the participants in this study were slightly
higher than those of previous studies conducted among
Caucasians, Indians, Chinese Singaporean, and Thais
(15,21, 22). In contrast, in a few previous studies among
different ethnicities, the levels of VWF in Indians (15),
Thais (22), Japanese (23), and American Chinese (24)
were comparable to that of Caucasians. The higher
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Table V: Difference distributions of vWF profile factors among blood groups

VWEF profiles Blood Mean + s.d. 95% Confidence Interval p-value Post-hoc analysis p-value

group Lower (Bonferroni)
bound Upper bound

FVIIIAg A 138.77 + 37.74 127.565 149.983 < 0.0071* A*O 0.002™
B 144.43 + 31.69 135.015 153.837 B*O <0.001™
O 115.10 + 29.65 106.487 123.708

VWFAg A 143.30 + 45.20 129.883 156.726 < 0.001* A*O <0.001™
B 151.37 +40.79 139.258 163.485 B*O <0.001™
(@] 104.96 + 40.11 93.313 116.604

RiCof A 100.97 + 24.47 86.139 105.470 0.037* B*O 0.031
B 107.93 + 25.95 94.349 113.203
O 83.26 + 21.63 80.800 94.917

CBA A 95.80 + 32.55 93.707 108.241 < 0.001* A*O 0.001™
B 103.78 + 31.74 100.222 115.634 B*O < 0.001™
(@] 87.86 + 24.31 76.983 89.542

One-Way ANOVA: *significant at p < 0.05; “Significant Bonferroni at p < 0.017

Table VI: Association of smoking status and demographic characteristic with vWF profile

Variables FvIII VWF antigen CBA RiCof
Mean Std. p-value Mean Std. p-value  Mean Std. p-value  Mean Std. p-value
Deviation Deviation Deviation Deviation
Smoking
Yes 130.15  35.80 0.643 134.97 43.60 0.747 100.50 26.27 0.270 101.75 19.97 0.157
No 133.33  35.31 132.06 47.64 94.04 31.39 95.61 27.79
Gender
Male 133.47  36.13 0.507 134.34 46.07 0.416 95.99 29.55 0.810 98.54 26.10 0.200
Female 128.34 31.93 126.09 48.71 94.41 33.49 91.26 25.61
Age
<29 124.72  32.09 0.179 127.87 46.29 0.643 96.30 34.53 0.041* 90.47 27.39 0.507
30-49 136.33  37.12 135.82 47.23 96.66 28.49 99.37 24.69
50-69 137.48 31.37 131.02 43.63 84.94 21.28 110.62  25.17
BMI
<25 132.03 40.35 134.09 50.14 0.837 98.96 35.23 0.468 95.07 30.80 0.587
> 25 132.71  33.34 0919 132.30 45.22 94.40 28.02 98.03 24.05

Independent-t test, *Significant if p-value <0.05
BMI < 25: Underweight and normal > 25: Overweight and obese

Table VII: Multivariate analysis between blood group and vWF profiles

Independent Dependent  Between subject effect Multivariate test
variable variables

F (df) bp-value Partial Eta- Wilks’ F (df) p-value Partial Eta-squared (%)
squared (%) Lambda

Blood group FVIII Ag 10.409 < 0.001 0.132 0.777 4.514 < 0.001 0.119
(2,137) ’ (8,268)
VWF Ag 16.433 < 0.001

(2,137) 0.193

VvWF CBA 3.376
(2,137) 0.037 0.047

VWF RiCof 13.206
(2,137) < 0.001 0.162

One-way MANOVA: ssignificant at p < 0.05; "significant at p < 0.0125
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levels of components of the VWF profile found in
Malays relative to other populations may be unique to
the Malay population. However, a large population-
based study is needed because the small sample size is
an obvious limitation of the current study. Nevertheless,
these preliminary findings suggested that ethnicity may
impact VWF levels.

Genetic variants of the VWF gene in different ethnic
groups may result in different levels and functions
of the VWF protein. Van Schie et al. (2011) reported
that four VWF gene variants affected the vVWF profiles,
namely single nucleotide polymorphisms rs7306706,
rs1063857, rs216318, and rs4764478 (25). Johnsen
et al. (2013) found that certain types of VWF variants
were associated with higher or lower VWF levels
(16). For example, they found that p.Arg2185GIn was
associated with lower VWF and FVIII:C levels, whereas
p.Thr789Ala or p.Asp1472His amino acid substitutions
were associated with higher VWF levels. They concluded
that the VWF missense mutation causes differences
in phenotypes of VWF and FVIII:C among African
Americans (16). Different testing methods might also
play a role in the different outcomes of different studies.
For example, the previously mentioned studies of Thais
and Caucasians used the ELISA technique to quantify the
VWEF:Ag (15, 22), whereas we used the latex particle
agglutination (immunoassay) technique. However, the
immunoassay technique has a good correlation with the
ELISA method in quantitative VWF:Ag testing (26). Chen
et al. (2011) also reported that VWF:RiCof testing using
the immunoassay technique has diagnostic accuracy
comparable to that of the ELISA technique (27).

The cut-off level of 50 IU/dL was chosen as normal
because less than that showed increased bleeding risk
with a relative risk of 2.0-3.9 (28). However, by using
this value as a definitive diagnosis of VWD would place
2.5% of the US population at risk of being diagnosed
as having VWD (28). The prevalence of low VWF:Ag
level and activity was common among Caucasians and
Thais in previous studies but not among the Malays in
the current study. All of the Malay subjects with low
VWEF:Ag level and VWF:CBA in this study had type O
blood, and most subjects with low VWF:RiCof level
had types O and A blood. These findings for particular
constituents of the VWF profile were consistent with
results of the studies conducted among Caucasians and
Thais (15, 22). None of the subjects in the current study
had VWF profile values < 30 1U/dL, except one male
blood type B subject whose VWF:RiCof value was < 30
IU/dL. His ratio of VWF activity: antigen was 0.17. For
this subject, the VWF:RiCof analysis should be repeated
and bleeding history should be reevaluated. Further
testing may be needed to rule out VWD Type 2.

The qualitative defects of the VWF protein can be
suggested by evaluating the ratio of the VWF activity
to the VWF:Ag. The lower ratio suggested of VWD

Type 2. In the current study, the ratios of VWF:RiCof:
VWEF:Ag for groups A, B, and O were 0.70 + 0.56,
0.71 + 0.51, and 0.79 + 0.64, respectively, whereas
the ratios of VWF:CBA: VWF:Ag for blood types A, B,
and O were 0.67 + 0.66, 0.68 + 0.58, and 0.84 + 0.66,
respectively. The ratios were slightly higher among O
group compared to non-O group subjects. In contrast,
mean FVII:C and VWF levels (VWF:Ag, VWF:CBA, and
VWEF:Rcof) were significantly higher in non-O than in O
type subjects (p < 0.05 for all comparison) of Chinese
population as recently reported by Wang et al. (2017)
(29). Furthermore, the average ratio of VWF:RiCof:
VWEF:Ag in Malays was slightly lower than that reported
for Chinese Singaporeans (0.77 vs. 1.37) (21). The
average ratio of VWF:CBA: VWF:Ag also was lower in
Malays compared to Caucasians, African Americans,
Indians, Chinese, and Thais (0.72 vs. 1.05, 1.03, 1.05,
1.18 and 0.92 respectively) (15, 22). These differences
may suggest ethnic variation in the interaction of
VWEF with collagen and platelets. A previous study
conducted among Chinese Singaporeans participants
found that the reduction of VWF:CBA was greater than
that of VWF:RiCof in blood type O subjects compared
to non-O subjects (53% vs. 27%), which resulted
in a lower VWF:CBA:VWF:Ag n ratio, whereas the
VWE:RiCof:VWF:Ag ratio was unaffected (21). Recently,
mean FVIII:C and VWF levels (VWF:Ag, VWF:CBA, and
VWEF:Rcof) were significantly higher in non-O than in O
type subjects (p < 0.05 for all comparison).In the Malay
population, the levels in O group subjects were not so
different from those in non-O subjects (12% vs. 20%).
These findings indicate the need for further study of
other major races in Malaysia, especially Chinese and
Indian.

In the Malay subjects in this study, the levels of
components of the VWF profile were higher in subjects
with type B blood, followed by those with blood
types A and O. Previous studies also reported similar
findings (22, 30). Post-hoc Bonferroni analysis revealed
significantly higher levels of VWF profile elements in
non-O compared to O blood group subjects, except for
VWE:RiCof level. Sweeney et al. (1989) also reported
that the VWF profile were affected by ABO blood group
but VWF:RiCof did not reached significant association
(31). MANOVA detected a statistically significant
difference in each VWF profile component based on
blood group, except for VWF:CBA. Previous studies
reported that the level of VWF:Ag was highest in the
AB blood group, followed by B, A, and O (22, 32). In
the current study, we did not include AB group subjects,
but the finding of higher VWF levels in subjects with
type B followed by types A and O blood was similar to
results of those studies. All findings in the current study
confirmed that the VWF profile was influenced by the
ABO blood group.

Significant evidence from in vivo and in vitro cell culture
systems indicates that smoking can result in endothelial
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cell (EC) damage, and damaged EC may release VWF
into the circulation (33). A study conducted among Arab
subjects found that VWF levels were higher in smokers
compared to non-smokers (34). However, VWF level
was not associated with smoking status in Malays, as was
also reported in several other studies (6, 35). However,
subjects in the current study were not classified by
frequency of smoking, amount of sticks per day smoked,
and type of cigarettes consumed, but all of these factors
may influence the results. Kumari et al. (2000) reported
that only subjects who smoked 21 sticks per day had
significantly higher levels of VWF compared to lighter
smokers (36).

Some researchers reported that the level of VWF:Ag
increased with age (6, 7, 32). For example, Kadir et al.
(1999) reported that with each decade increase of age,
the levels of VWF:Ag increased by 0.17 U/ml and VWF
activity by 0.15 U/ml (7). However, those findings were
contradicted by other studies that found no significant
effect of age on VWF level (30, 37). In the current study of
Malays and another of a Thai population (22), VWF:CBA
decreased with advancing age. Among Malays, the
highest VWF:CBA occurred in subjects < 29 year old
and the lowest in subjects 50-69 years old. Coppola et
al. (2003) found that 51% of centenarians had a reduced
relative proportion of high molecular weight multimers
compared to younger subjects, which suggested that the
number of large multimers decreases with increasing
age (38). This was consistent with the finding that
the highest VWF:CBA among Malays occurred in the
youngest subjects and the lowest in the oldest subjects.
In general, the incidence of VWD is equal among
males and females, although the incidence of bleeding
symptoms is twice as high in females, possibly due to
excessive vaginal bleeding during their reproductive
years (39). Conlan et al. (1993) reported that mean
levels of VWF and FVIII:C were lower in men than in
women (6). However many other researchers reported
no differences in VWF level based on gender (24, 30,
32, 40). In the current study of Malays, no significant
association between gender and VWF profile was
detected.

Folsom et al. (1992) reported that the levels of FVIII:C
and VWF increased with increasing BMI (41). However,
no significant associations between VWF profile and
BMI of < 25 or > 25 were found in the current study,
possibly due to the small sample size.

CONCLUSION

Results of this study showed that the levels of
components of the VWF profile were influenced by
ABO blood group, as the highest values were found
among participants with type B blood, followed by types
A and O. Low VWF:Ag and activity values were not
common in Malays. The levels of plasma VWF among
Malays were slightly higher than those reported for

Thais, Caucasians, Indians, and Chinese. However, the
average ratio of VWF activity to VWF:Ag was lower in
Malays than in other populations. These findings suggest
that ethnicity may impact the plasma VWF levels and
ethnic variation in the interaction of the VWF protein
with collagen and platelets.

The association of the VWF profile components with
demographic data, such as the decrease of VWF:CBA
with age, may help clinicians predict the bleeding risk
in Malay patients, especially the elderly. A larger scale
population study should be conducted and include
participants from multiple ethnic groups in Malaysia.
Molecular studies to identify VWF gene variants among
Malay patients are also suggested, as such variants might
impact the VWF levels and activities.
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