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Abstract

Background: von Willebrand factor (VWEF) is a biomarker for endothelial damage. Increased VWF levels are observed in
hypertension (HTN) and disorders of endothelial dysfunction, for example, atherosclerotic heart disease (ASHD) and diabetes.
Whether low VWF protects against HTN is unknown. Methods: To determine prevalence and risk factors for HTN in patients
with von Willebrand disease (VWD), we conducted a cross-sectional analysis of discharge data from the National Inpatient
Sample, 2009 to 201 |. Group comparisons were performed by Rao-Scott ¥ test. Odds of HTN and HTN outcomes in VWD
were estimated by weighted multivariable logistic regression. Results: The prevalence of hypertension in patients with VWD (N
= 7556), 37.35%, was significantly lower than that in non-VWD patients (N = 19 918 970), 49.40%, P < .0001. Hypertension risk
factors (hyperlipidemia, diabetes, smoking, hepatitis C, and HIV) and HTN outcomes (ASHD, myocardial infarction [MI], ischemic
stroke, and renal failure) were less common in patients with VWD than in non-VWD patients, all P < .0001. Patients with VWD
were younger, 49.67 versus 57.30 years, Caucasian, 82.23% versus 68.35%, and female, 75.44% versus 59.61%, P < .0001. Patients
with HTN were older, 67.55 versus 47.29 years, male, 45.99% versus 34.90%, and had more HTN risk factors and HTN outcomes
than those without HTN, all P < .0001, including male and female subgroups, each P < .0001. The unadjusted odds of HTN in
patients with VWD (odds ratio [OR] = 0.61 1, P <.0001) and of HTN outcomes in patients with VWD (ASHD, OR = 0.509; M,
OR = 0.422; ischemic stroke, OR = 0.521; renal failure, OR = 0.420, all P < .0001) became insignificant after adjustment for HTN
risk factors plus demographics (age/race/gender), OR = 1.035, P =.260. Conclusion: The risk of HTN is reduced in patients with
VWD, but not after adjustment for HTN risk factors plus demographics, as patients with VWD not having HTN are also typically
young, Caucasian, and female.
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Introduction Although the exact pathogenesis of primary HTN is
unknown, it is considered a disorder of endothelial cell dys-
function and injury. von Willebrand factor, which is deficient
or defective in VWD, is released from endothelial cells during
endothelial inflammation and injury, and elevated VWF levels
are associated with increased systemic blood pressure, left
atrial diameter, left atrial volume, and left atrial volume

It is estimated that approximately 30% of adults in the United
States are diagnosed with hypertension (HTN) or are taking
antihypertensive medications.' The risk factors associated with
HTN have been well established—obesity, insulin resistance,
smoking, diabetes, hyperlipidemia, primary renal disease, and
aging. Alternatively, HTN remains a major modifiable risk
factor for cardiovascular disease (CVD) and atherosclerotic
heart disease (ASHD). As the population ages and the rate of
obesity increases, the number of patients with HTN will likely ! ' -
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index.*'? Thus, while VWF is essential for physiologic platelet
adhesion and aggregation, it is widely accepted as a marker of
pathologic endothelial cell damage. Although endothelial dam-
age can occur as a result of HTN, some authors speculate that
endothelial damage may actually promote HTN.®'*!2 The
observation that VWF antigen levels are increased in patients
with HTN,®!'%!2 but decreased in patients with HTN who have
been successfully treated,®'%!! supports this concept.

Patients with HTN having target organ damage are at high
risk of cardiovascular morbidity and mortality. Elevated VWF
levels are associated with the development of target organ
damage due to HTN.'®!'! Elevated VWF is not only a risk
factor for CVD but also an established major risk factor for
stroke.>®!%13 Hypertension induces remodeling of vascular
endothelium in response to changes in pressure. It is speculated
that low VWF levels protect against arterial thrombosis, con-
sistent with animal models of VWD in which development of
coronary artery disease (CAD) is decreased.'* In fact, athero-
sclerosis is present in patients with VWD at autopsy,'” suggest-
ing an occlusive clot may not form. Further, a cross-sectional
study of over 600 European patients with VWD indicated only
3% of those with type 1 or 2 VWD and none of those with type
3 VWD had thrombosis,” although whether low VWF levels
protect against HTN, stroke, ASHD, or CVD remains
controversial >¢:1%13:16-18 74 study this question, we deter-
mined the prevalence of and risk factors for HTN in individuals
with VWD.

Materials and Methods

This was a cross-sectional analysis of discharge data from the
National Inpatient Sample (NIS) during the most recent 3-year
period available, between January 1, 2009, and December 31,
2011. The NIS represents a 20% sample of US discharges from
all community hospitals participating in the Healthcare Cost
and Utilization project. It includes patients covered by Medi-
care, Medicaid, private insurance, and uninsured.

Discharges among adults (18 years and older) with and
without VWD were evaluated by age, race, gender, primary
and secondary diagnoses, demographics, and length of stay.
Deidentified discharge data were classified by International
Classification of Diseases, Ninth Revision (ICD-9) diagnostic
codes for HTN (401-405). Comorbidities were also assessed,
including ASHD (414), diabetes (250), obesity (278), smoking
(V15.82), hyperlipidemia (272.0, 272.4), myocardial infarction
(MI; 412), angina (413), renal failure (403, 404, 585, 586),
hematuria (599.7, 599.71, 599.72), proteinuria (791), stroke
(430-434), HIV infection (042, 079.53, 795.71, V08), liver
disease (571.8, 571.9, 572.8), and hepatitis C virus (HCV)
infection (070.41, 070.44, 070.51, 070.54, 070.70, 070.71).
This was an exempt study, approved by the institutional review
board of the University of Pittsburgh.

Discharge weights from the NIS database were used to pro-
duce discharge-level estimates for all community hospitals in
the United States. The prevalence of HTN was estimated
among patients with and without VWD, as were demographics

(age, race, and gender), length of stay, inpatient mortality, risk
factors for HTN (ASHD, MI, ischemic stroke, hyperlipidemia,
diabetes mellitus, obesity, smoking, HCV, and HIV), and
HTN-associated outcomes (ASHD, angina, MI, ischemic
stroke, hemorrhagic stroke, hematuria, proteinuria, and renal
failure), using all discharges, and separately among males and
females. These variables were also compared between those
with and without HTN. Continuous data (eg, age, length of
stay) were compared by weighted simple linear regression, and
categorical data (eg, race, risk factors) were compared across
groups by the Rao-Scott % test.'” The odds ratio of HTN in
patients with VWD compared to patients without VWD was
estimated by weighted univariate logistic regression and by 2-
weighted multivariable logistic regression models—model 1:
adjusting for HTN risk factors (hyperlipidemia, diabetes mel-
litus, obesity, smoking, hepatitis C, liver disease, HIV) and
model 2: adjusting for HTN risk factors in model 1 plus demo-
graphics (age, race, and gender). We tested for VWD x gender
interaction effect to determine whether separate models among
males and females were necessary, but this was not significant
(P = .08). Weighted univariate and multivariate logistic mod-
els were also fitted for HTN outcomes using the same modeling
strategy employed for HTN.

Results
Prevalence of HTN in Patients With VWD

During the 3-year period between January 1, 2009, and Decem-
ber 31, 2011, the prevalence of HTN in patients with VWD
(N = 7556), 37.35%, was significantly lower than that in non-
VWD patients (N = 19 918 970), 49.40%, P <.0001 (Table 1).
Individuals with VWD were more likely to be younger, 49.67
versus 57.30 years, Caucasian, 82.23% versus 68.35%, and
female, 75.44% versus 59.61%, as compared with patients
without VWD, all P < .0001. The most common admission
diagnoses overall were delivery without cesarean section
(6.66%), delivery with cesarean section (3.18%), pneumonia
(2.37%), conductive hearing loss (1.59%), CAD (1.48%),
obstructive bronchitis (1.35%), delivery with previous cesarean
section (1.33%), osteoarthritis (1.17%), urinary tract infection
(1.14%), and atrial fibrillation (1.13%). Those with VWD were
also less likely to be admitted with CVD or chronic kidney
disease (CKD) and had shorter lengths of stay and lower inpa-
tient mortality than those without VWD, all P <.0001. Similar
findings regarding HTN prevalence, age, race, and length of
stay were observed separately, among males and females.
Overall, HTN risk factors, including hyperlipidemia,
diabetes mellitus, smoking, and HIV, were significantly less
common in those with VWD than in those without VWD, all
P <.0001, as was obesity, P = .028 (Table 1). Hepatitis C was
more common in VWD than those without VWD, P <.0001, as
was liver disease, P = .046, and both findings were likely
transfusion related. Hypertension-associated outcomes, includ-
ing ASHD, M1, ischemic stroke, and renal failure, all P <.0001,
and angina, P = .0031, were also less common in individuals
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with VWD than in non-VWD individuals. The exceptions were
hemorrhagic stroke (P = .6705) and hematuria (P = .0298;
Table 1).

Prevalence of VWD in Patients With HTN

The prevalence of VWD in patients with HTN (N = 9 847 168),
0.03%, was significantly lower than that in non-HTN patients
(N =10 079 358), 0.05%, P < .0001 (Table 2). Patients with
VWD having HTN were more likely to be older, 67.55 versus
47.29 years, Caucasian, 69.76% versus 66.96%, and male,
45.99% versus 34.90%, as compared with patients with VWD
not having HTN, all P < .0001.

Those patients with VWD having HTN were also more
likely to be admitted with CVD or CKD and had longer lengths
of stay and higher inpatient mortality than those with VWD not
having HTN, all P < .0001. Patients with HTN were more
likely than those without HTN to have HTN-associated risk
factors, including hyperlipidemia, diabetes, obesity, smoking,
and liver disease, all P <.0001 (Table 2). The exceptions were
hepatitis C and HIV, which were less common in VWD with
HTN, P < .0001. Patients with VWD having HTN were also
more likely than those without HTN to have HTN-associated
outcomes, including ASHD, angina, MI, ischemic stroke,
hemorrhagic stroke, renal failure, hematuria, and proteinuria,
all P <.0001 (Table 2). Similar findings in age and race were
observed separately, among males and females.

Univariate and Multivariate Analyses of HTN and HTN
Outcomes

In univariate logistic regression analysis, the odds of HTN were
significantly lower in patients with VWD than those without
VWD, OR = 0.611 (confidence interval [CI] 0.583-0.640),
P <.0001, and of HTN outcomes (ASHD, OR = 0.509; MI,
OR = 0.422; ischemic stroke, OR = 0.521; renal failure,
OR = 0.420), all P <.0001 (Table 1). In multivariate logistic
regression, these findings persisted after adjustment for HTN
risk factors (hyperlipidemia, diabetes, obesity, smoking, hepa-
titis C, HIV; model 1), P < .0001. However, after adjustment
for HTN risk factors and demographics (age, race, gender;
model 2), the odds ratio for HTN was no longer significant,
OR = 1.035 (0.975-1.100), P = .264 (Table 3). We also show
the unadjusted prevalence of HTN in males (56.3%) was sig-
nificantly different from that in females (44.8%), P < .0001,
which was no longer significant after adjustment for the
prevalence of HTN and HTN risk factors (hyperlipidemia,
diabetes, obesity, smoking, hepatitis C, and HIV) and demo-
graphics (age, race, gender; Table 4).

Discussion

This cross-sectional study of the NIS cohort based on /CD
codes and representing a 20% sample of inpatient discharges
in the United States shows a 24% lower prevalence of HTN in
those with VWD than in those without VWD, which is

associated with a significantly lower risk of HTN risk factors
(hyperlipidemia, diabetes, obesity, smoking, and HIV) and a
significantly lower risk of HTN outcomes (ASHD, angina, MI,
ischemic stroke, and renal failure) than those without VWD
(Table 1). Although these findings suggest VWD may protect
against HTN, the difference that we found does not necessarily
allow a conclusion of association between VWD and HTN for
several reasons. First, the apparent difference in the frequency
of HTN is due to the differences in age, race, gender, and race/
ethnicity. For example, HTN is more common in older people
and the individuals with VWD having HTN are on average
older, 67.55 years, than those without HTN, 47.29 years. Sec-
ond, this study was a comparison between discharged patients
with VWD and discharged patients with other diagnoses, the
latter of whom may not have been a random sample from the
population. Third, since blood pressure is unlikely to have
contributed to admission for patients with VWD, causality can-
not be established.

Although studies have shown a low risk of HTN and
cardiovascular risk in animals with VWD,'* the few published
clinical studies to date are potentially biased by small sample size
and lack of adjustment for HTN-associated risk factors. As HTN
is unlikely to be an admitting diagnosis, an inpatient sample
analysis may not necessarily resolve this problem. Optimally,
an outpatient sample if rigorously collected might help in this
analysis, but, unfortunately, with the recognized age-associated
increase in VWF,2%?! it is possible that older patients with VWD,
in whom HTN might be expected, might not be identified.

Although HTN and HTN-associated outcomes may be lower
in those with VWD than the general population without VWD,
it remains unknown whether a certain VWF level, genotype, or
VWD subtype is protective. Future studies are needed to deter-
mine the degree, if any, to which VWF protects against HTN
and associated outcomes, and to consider, if findings confirm
VWF protection, the potential utility of reducing VWF to help
control HTN and associated cardiovascular morbidity.

There are several other limitations to this study. First, the
use of inpatient discharge data may miss patients who are heal-
thier and have not required admission. Secondly, the NIS rep-
resents only 20% of the total inpatient population, but the use of
discharge-level weights allowed the determination of nationally
representative estimates. Third, discharge diagnoses require cod-
ing, which is limited by coding accuracy. As this is a cross-
sectional study, it is subject to potential bias and not able to
determine causality. Fourth, the NIS database contains no
laboratory variables and, thus, it was not possible to determine
whether a specific VWF level, genotype, or VWD subtype is
protective against HTN or CVD. Finally, because VWD is a rare
disease, the pool of patients is limited, and outcomes might be
biased; however, the large sample size of this NIS database is a
major strength enabling analyses of rare diseases such as VWD.

In summary, the findings of this study of the NIS sample
indicate that while the prevalence and risk of HTN are
decreased in patients with VWD in unadjusted analysis and
after adjustment for HTN risk factors (hyperlipidemia, dia-
betes, obesity, smoking, hepatitis C, HIV), when the analyses
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Table 3. Unadjusted and Adjusted Odds for HTN and HTN Outcomes in Adults With and Without VWD.

Adjusted
Unadjusted Model 12 Model 2°
Outcome OR (95% Cl) P Value aOR (95% Cl) P Value aOR (95% CI) P Value
Hypertension 0.611 (0.583-0.64) <.0001 0.737 (0.7-0.776) <.0001 1.035 (0.975-1.1) 2604
ASHD 0.509 (0.473-0.547) <.0001 0.616 (0.571-0.664) <.0001 0.846 (0.777-0.921) .0001
Angina 0.623 (0.453-0.856) .0036 0.763 (0.554-1.052) .0985 0.894 (0.637-1.255) 5186
MI 0.422 (0.359-0.497) <.0001 0.512 (0.435-0.603) <.0001 0.64 (0.538-0.761) <.0001
Ischemic stroke 0.521 (0.435-0.623) <.0001 0.599 (0.499-0.719) <.0001 0.708 (0.579-0.865) .0007
Hemorrhagic stroke 1.067 (0.798-1.427) 6601 1.087 (0.813-1.454) 5732 1.124 (0.793-1.594) 5102
Renal failure 0.42 (0.38-0.463) <.0001 0.499 (0.452-0.551) <.0001 0.709 (0.637-0.789) <.0001
Hematuria 1.248 (1.022-1.524) 10299 1.291 (1.058-1.577) 0121 1.844 (1.5-2.267) <.0001
Proteinuria 0.635 (0.376-1.074) .0904 0.695 (0.41-1.177) 1757 0.761 (0.44-1.316) 3289

Abbreviations: aOR, adjusted odds ratio; ASHD, atherosclerotic heart disease; Cl, confidence interval; HTN, hypertension; Ml, myocardial infarction; OR, odds

ratio; VWD, von Willebrand disease.

?Adjusted for HTN risk factors: hyperlipidemia, diabetes, obesity, smoking, hepatitis C, HIV.

®Adjusted for HTN risk factors (model |) and demographics (age, sex, race).

Table 4. Unadjusted and Adjusted Prevalence of HTN in Adults With
and Without VWD.?

Unadjusted Adjusted (Model 2)°
Overall 49.4% 49.1%
Female 44.8% 47.0%
Male 56.3% 52.4%

Abbreviations: HTN, hypertension; VWD, von Willebrand disease.

*The unadjusted prevalence was significantly different by gender, P <.0001. This
was no longer significant after adjustment.

®In the multivariable logistic model with VWD, HTN risk factors (hyperlipide-
mia, diabetes, obesity, smoking, hepatitis C, HIV), and demographics (age, race,
gender) as independent variables.

were adjusted for demographics (age, race, gender), the preva-
lence and risk of HTN in patients with VWD were not different
from those without VWD. The large size of this cross-sectional
database analysis was critical in determining these findings.
Whether a certain VWF level is protective against HTN and
associated comorbidities must await future prospective study.
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