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ABSTRACT

Background: We previously found an unexpectedly high prevalence of high ankle 
brachial index (ABI) in persons with hemophilia (PWH). High ABI is suggestive for 
arterial stiffness, which is related to hypertension. As hypertension is more prevalent 
in PWH, we hypothesized that PWH have an increased risk for high ABI. This study 
aimed to confirm our previous finding of high ABI in unselected PWH.

Methods: In the previous study, ABI was measured in 65 PWH (age: 53 ± 12) as part 
of a study into peripheral occlusive disease. In the present confirmation study, 32 
PWH and 32 age- matched controls (age: 55 ± 8) were included. Systolic (SBP) and 
diastolic blood pressure (DBP) were measured in sitting position. For the ABI, SBP 
was measured at the arms and ankles (dorsal pedis and posterior tibial arteries). The 
ABI was categorized ABI into: low (≤0.9), normal (0.91-1.29) and high ABI (≥1.3).

Results: In the previous study, median ABI was 1.29 (Interquartile range [IQR] 1.24-
1.38); 32 (49%) had a high ABI. In the confirmation study, SBP was higher in PWH 
than in controls (median 147 [136-154] vs. 135 [128-142] mmHg, p=0.01). Contrary 
to our hypothesis, the ABI was lower in PWH than in controls (median 1.22 [IQR 
1.15-1.27] vs. (1.27 [IQR 1.23-1.31], p=0.006). The prevalence of high ABI was 
similar in PWH and controls (16 vs. 31%, p=0.104).

Conclusions: Increased arterial stiffness, as measured by the arterial brachial index, 
does not explain the increased blood pressure in PWH.
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INTRODUCTION

The incidence of age-related cardiovascular diseases has increased in persons with 
hemophilia (PWH) as life expectancy reaches that of the general population1. This 
has challenged the paradigm that lower factor VIII and IX levels protect from arterial 
thrombosis. In order to better understand the relation between cardiovascular risk 
and hypocoagulability, the prevalence of classical risk factors and the extent of 
atherosclerosis in PWH have been studied by several researchers.

In this context, we previously assessed the prevalence of peripheral arterial occlusive 
disease (PAOD) by measuring the ankle brachial index in a Dutch cohort of PWH2. 
The ankle brachial index (ABI), which is the ratio between the systolic blood pressure 
at the ankles and the systolic pressure at the arms, ranges normally from 0.91-1.29. 
A low ABI (≤0.9) has a high sensitivity and specificity for the presence of PAOD3.

While low ABI was very rare, we unexpectedly found a high prevalence of ABI 
≥1.3. This was a remarkable finding, because high ABI is uncommon in the general 
population and had not been described in hemophilia before4-6. An ABI ≥1.3 is 
linked to an increased arterial stiffness, caused by calcifications in the medial layer 
of the arterial wall. Medial arterial calcification is seen as a non-obstructive form of 
atherosclerosis that accompanies several other structural changes in the arterial 
wall, commonly referred to as arteriosclerosis7. As the medial layer is very important 
for the vessel compliance, pathological changes in especially this layer are linked to 
arterial stiffness8.

Previous research has demonstrated that a high ABI is associated with diabetes 
mellitus (DM), BMI and hypertension9,10. In PWH, hypertension is more prevalent 
than in the general population11-13. An increased vascular stiffness and joint damage 
have been suggested as possible links between hemophilia and hypertension12.

Based on these findings, we hypothesized that PWH have an increased risk for high 
ABI and that those with a high ABI would have a higher prevalence of hypertension. 
There are two primary aims of this paper. First, we wanted to present our previous 
findings of high ABI (≥1.3). Second, we aimed to confirm these findings in a 
comparative study of unselected PWH and population controls. Furthermore, as a 
secondary aim, we explored blood pressure in relation with high and normal ABI. 
As high ABI can mask the presence of obstructive atherosclerotic lesions, we aimed 
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to evaluate the toe brachial index as well. Digital arteries are usually unaffected by 
medial calcification14.

MATERIALS AND METHODS

Study design
Two cross-sectional studies were performed at the University Medical Center 
Groningen (UMCG) between 2006 and 2017. In both studies, consecutive PWH 
visiting our hemophilia treatment center were included.

The first study (called: study I) was conducted between 2006 and 2009. The purpose 
of this study was to investigate the extent of atherosclerosis in PWH, as measured by 
coronary CT and carotid artery ultrasound2. Furthermore, the presence of occlusive 
lesions in the peripheral arteries was evaluated by ABI measurement. The ABI data 
has not been published previously and will be described in this paper.

The second study (called: study II) was designed to confirm the ABI findings of 
study I in an unselected PWH cohort. The study procedure was extended with 
measurement of the toe brachial index (TBI) in case of high ABI. Study II was 
conducted between 2015 and 2017. The study participants and procedures of study 
I and study II are described separately.

Subjects study I
A total of 68 PWH were included, of which 65 went through the entire study 
procedure. Inclusion criteria were hemophilia A or B, an age of at least 30 years and 
the ability to give informed consent. There were no exclusion criteria.

Procedures study I
Demographic data and data on severity of hemophilia (severe: <1% clotting factor, 
moderate: 1-5%, mild: >5%), cardiovascular disease, cardiovascular risk factors and 
medication use was collected with questionnaires, completed with data from medical 
records. Fasting LDL-cholesterol, creatinine and fasting glucose were assessed by 
routine blood tests. The estimated glomerular filtration rate (eGFR) was calculated 
according to the formula of the Modification of Diet in Renal Disease Study15. Weight 
and height were measured using a calibrated weighing scale and a wall mounted 
height measure.
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Measurement of blood pressure: for the blood pressure measurements a stethoscope 
and a manually inflatable cuff of with aneroid sphygmomanometer were used. 
Measurements were performed in sitting position at the right upper arm after at 
least five minutes rest. Pulse pressure was calculated as SBP-DBP.

Measurement of ABI: to calculate the ankle brachial index, the systolic blood pressure 
(SBP) was measured at the bilateral arms, posterior tibial arteries and the dorsalis 
pedis arteries in supine position, after at least 10 minutes rest14,16. The measurements 
were performed by a vascular technologist in a temperature-controlled room (22-24 
°C). Blood pressures were obtained using a Doppler device (Angiolab, SPEAD-
Doppler-Systeme GmbH, Germany) and a manually inflatable cuff of appropriate 
size with aneroid sphygmomanometer. Measurements were always performed in the 
same order: right arm, right leg, left leg, left arm. At each measuring point the systolic 
pressure was obtained twice and the mean was used in the further analyses. In case 
the first and second SBP differed ≥10 mmHg, both measurements were repeated.

Subjects study II
For study II we included eligible PWH and controls without bleeding disorder. 
Controls were matched for age on group level. Controls were recruited via poster 
advertisement in the UMCG (patient and staff areas). Inclusion criteria for PWH and 
controls were an age of >30 years or older and written informed consent. Exclusion 
criteria were the clinical diagnosis of diabetes mellitus, PAOD or any kidney disease. 
This study was approved by the ethics committee of the UMCG (METc 2014/257).

Procedures study II
As in study I, data on demographics, cardiovascular risk factors, cardiovascular 
disease and medication use was collected using a questionnaire. In PWH data on 
type and severity of hemophilia treatment, and hepatitis was also obtained through a 
questionnaire, completed with information from medical records. Weight and height 
were measured using a calibrated weighing scale and a wall mounted height measure.

Measurement of blood pressure: blood pressures were measured according to the 
recommendations of the American Heart Association (AHA), using an automatic 
oscillometric device (WatchBP Office, Microlife, Switzerland)17. In brief, cuffs were 
placed around the left and right bare upper arm. Both arms were flexed and rested at 
heart level. After at least five minutes rest, cuffs were inflated simultaneously. In total 
three measurements were performed, with 30 seconds between each measurement. 
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The mean of the three readings was calculated for both arms, and the one with the 
highest mean systolic pressure (either left or right arm) was used in the analyses. 
Pulse pressure was calculated as SBP-DBP.

Measurement of ABI: the ABI was measured using the same procedure as in study I. 
Again, the measurements were performed by vascular technologists in a temperature-
controlled room (22-24 °C) after at least 10 minutes rest. As in study I, all blood 
pressures were obtained using the Doppler-technique, but another device was 
used (Vicorder, Skidmore Medical, UK). In contrast to study I, cuffs were inflated 
automatically. Furthermore, Doppler signs and blood pressures were digitally displayed.

Measurement of TBI: the TBI was measured only in case of high ABI (≥1.3). 
The vascular technologist measured the SBP at the first toes using a photo 
plethysmography-based device (Vicorder, Skidmore Medical, UK). Small cuffs were 
placed at the base of the toes and inflated automatically. Each measurement was 
performed three times and the mean was used in the TBI calculations. When the SBP 
readings within one toe differed ≥10 mmHg, all three measurements were repeated. 
In the case of cold toes (manually tested by the vascular technologist), the participant 
was asked to put his feet in a bowl with warm water for a few minutes. After again 
at least 10 minutes rest in supine position, the measurement was started.

Calculation of ABI
In both studies, I en II, the ABI for each leg was calculated as the higher leg SBP 
(posterior tibial artery or dorsal pedis artery) divided by the higher SBP of the arm 
(left or right), according to AHA recommendations14. Normal values for the ABI were 
considered 0.91-1.29. Values ≤0.9 were categorized as abnormally low, suggestive 
for peripheral arterial occlusive disease (PAOD). Values ≥1.3 were categorized as 
abnormally high, suggestive for peripheral arterial stiffness5,18. The highest ABI value, 
either left or right leg, was used in the statistical analyses. Only for the assessment 
of PAOD the lower ABI was used.

Calculation of TBI
The TBI, which was measured in study II in case of high ABI, was calculated for each 
leg as the toe SBP divided by the higher SBP of the arm (left or right)14. The TBI of 
the leg with the highest ABI value (either left or right) was used in the analyses. A 
TBI ≥0.70 was defined as normal19.
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Endpoints
In study II the primary endpoint was high ABI, suggesting vascular stiffness. PAOD, 
defined as low ABI, was a secondary endpoint. Furthermore, we identified subjects 
who might have both PAOD and vascular stiffness, defined as high ABI and low TBI.

Sample size calculation
For study I, the sample size calculation was not based on ABI, as this was not the 
primary endpoint. For the confirmatory study (study II), our sample size calculation 
was based on the prevalence of ABI ≥1.3 in study I (49%), and the prevalence 
of ABI ≥1.3 in the general population (in literature maximum 9.6%)5. To detect a 
similar difference in prevalence with a power of 90% and a two-sided alpha of 5% 
we required 23 participants in each group. To allow for dropouts or incomplete 
measurements, we aimed to include 30 participants in each group.

Statistical analyses
Data is presented as number and percentages, mean ± SD or median values with the 
25th and 75th percentile. Normality of data was visually tested with Q-Q plots and 
statistically with the Shapiro-Wilk test. For the comparison of continuous variables 
between PWH and controls, Mann-Whitney U test or t-test was used (whichever was 
appropriate). In case of categorical variables the Chi-square or Fisher’s exact test was 
used. The relation between two continuous variables was evaluated with Spearmans 
correlation test. An alpha of 5% was defined as statistically significant in all tests. All 
data was analyzed with SPSS Software 23.0 (IBM Corporation, New York).

RESULTS

Baseline characteristics study I
Of the 68 PWH enrolled in this study, 65 underwent ABI measurements. Forty-eight 
(74%) of them had hemophilia A, the other 17 (26%) hemophilia B. Twenty-five 
PWH (39%) had a severe factor deficiency, and almost half of the study population 
(n=32, 48%) had a mild form of hemophilia. Seventeen out of 25 PWH with severe 
disease received prophylactic treatment. The median age was 52 (IQR 42-64) years. 
All persons were Caucasian. More than half of the PWH (n=36, 55%) had a BMI 
≥25 kg/m2 and 18 (28%) PWH were active smokers. Seventeen PWH (27%) used 
antihypertensive medication. The median systolic blood pressure was 135 mm Hg 
(IQR 127-150) and the median diastolic blood pressure 80 mm Hg (IQR 75-85). 
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Nine (14%) PWH had a history of cardiovascular disease, consisting of myocardial 
infarction (n=7) and (un)stable angina (n=2). Seven (11%) PWH had a history of 
DM, and two others had a fasting glucose ≥7 mmol/L, suggesting impaired glucose 
tolerance. Three PWH had an eGFR lower than 60 ml/min/1.73 m2.

ABI study I
The data on ABI measurement is shown in Fig. 1. The median ABI in the population 
was 1.29 (IQR 1.24-1.38). Only two (3%) PWH had an ABI ≤0.9 in at least one leg, 
suggestive for peripheral occlusive atherosclerosis, while 32 (49%) had an ABI ≥1.3, 
suggesting vascular stiffness.

Relation between high ABI and clinical characteristics study I
The ABI was not correlated with pulse pressure (r=0.01, p=0.952). There was a 
significant negative correlation with age (r=-0,249, p=0.045). No differences were 
found between PWH with a high ABI (n= 32) and PWH with a normal ABI (n=31) 
regarding age, BMI, severity of hemophilia, diabetes, blood pressure or kidney 
function (Table 1).

Baseline characteristics study II
In this study, we invited 43 eligible PWH and 32 of them were included in the study. 
The majority of the PWH had hemophilia A (75%), and 16 persons (50%) had severe 
hemophilia. Almost half of the PWH (47%, 15/16 with severe deficiency) was on 
prophylactic treatment. None of the included PWH was HIV positive. Six PWH 
(19%) had a chronic hepatitis infection; 5 (16%) patients hepatitis C and one (3%) 
other patient hepatitis B.

All included subjects were Caucasian. The systolic blood pressure was significantly 
higher in PWH than in controls (Table 2). The use of antihypertensive medication 
was also higher, but not significantly. Among those treated with antihypertensives, 
5 out of 8 PWH and 1 out of 3 controls had a blood pressure exceeding 150 mmHg 
systolic or 100 mmHg diastolic. PWH had a higher BMI and more PWH were active 
smokers, the latter not significantly. The cardiovascular disease reported in Table 
2 was related to the coronary arteries (one PWH, two controls) and the carotid 
arteries (one PWH).
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ABI and TBI study II
ABI was mostly in the range of normal in PWH and in controls (Fig. 1). Contrary to 
our hypothesis, the ABI was slightly (but significantly) lower in PWH (median ABI 
1.22 [IQR 1.15-1.27]) than in controls ((1.27 [IQR 1.23-1.31]), p=0.006). Three PWH 
had an ABI ≤0.9, while none of the controls had a low ABI. The prevalence of high 
ABI did not differ between PWH and controls (16 versus 31%, p=0.104). Among 
those with a high ABI, only one PWH and 2 controls had a low TBI, suggestive for 
the presence of obstructive lesions as well as stiffness of the arterial wall.

Table 1. Clinical characteristics of PWH with a normal or a high ankle brachial index, study I

Normal ABI 
(n=31)

High ABI 
(n=32)

P-value

Median age, years (IQR)
Mean BMI, kg/m2 (SD)*

Hemophilia A, n(%)
Severe hemophilia, n(%)
History of DM, n(%)
Median systolic blood pressure, mmHg (IQR)*

Median diastolic blood pressure, mmHg (IQR)*

Blood pressure ≥140/90, mmHg, n (%)*

Pulse pressure, mmHg (IQR)*

Median eGFR, ml/min/1.73 m2, (IQR)a

eGFR <90, n(%)

52 (43-66)
25.8 ± 4.4
21 (68)
12 (39)
5 (16)
139 (129-150)
81 (76-89)
14
52 (43-66)
108 (90-121)
6 (19)

51 (41-62)
25.5 ± 3.4
25 (78)
11 (34)
1 (3)
135 (126-150)
80 (75-84)
12
52 (42-62)
100 (90-115)
7 (22)

0.342
0.713
0.405
0.598
0.104
0.995
0.076
0.607
0.516
0.592
0.764

*BMI and blood pressure: 1 missing
a calculated according to the formula of the Modification of Diet in Renal Disease Study15.
Abbreviations: ABI, ankle brachial index; IQR, interquartile range; BMI, body mass index; kg, kilograms; m, 
meter; SD, standard deviation; DM, diabetes mellitus; mmHg, millimeter of mercury; eGFR, estimated glomerular 
filtration rate
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Figure 1. Distribution of low ABI (≤0.9), normal ABI (0.91-1.29) and high ABI (≥1.3) in PWH 
(black) and controls (dotted). (A) Results of 65 PWH (study I). (B) Results of 32 PWH and 32 
age-matched controls (study II).

Relation between high ABI and clinical characteristics study II
When evaluating risk factors for high ABI, no differences were found between all 
participants with a high ABI (n=15) and all participants with a normal ABI (n= 46) 
in age, BMI, smoking or blood pressure (Table 3). No correlation between ABI and 
age was found (r=-0.043, p=0.736). We found no significant differences in type 
or severity of disease between PWH with a high and PWH with a normal ABI 
(hemophilia A in 3 [60%] PWH with high ABI vs. 18 [75%] in normal ABI, p =0.597 
and 1 [20%] severe vs. 12 [50%] severe, p= 0.343 respectively).

Table 2. Clinical characteristics of PWH and controls included in study II

PWH (n=32) Controls (n=32) P-value

Median age, years (IQR)
Mean age, years (SD)
Mean BMI, kg/m2 (SD)
 BMI ≥25 kg/m2, n(%)
Current smoker, n(%)
Former smoker, n(%)
Median systolic blood pressure, mmHg (IQR)
Median diastolic blood pressure, mmHg (IQR)
Pulse pressure, mmHg (IQR)
Use of anti-hypertensives, n(%)
Use of cholesterol-lowering drugs, n(%)
History of cardiovascular disease, n(%)

56 (46-60)
54 (±9)
27.6 ± 3.3
26 (81)
9 (28)
13 (41)
147 (136-154)
85 (81-96)
58 (46-66)
8 (25)
4 (13)
2 (6)

57 (51-61)
55 (±8)
25.7 ± 2.3
20 (63)
4 (13)
12 (38)
135 (128-142)
81 (78-93)
53 (46-57)
3 (9)
3 (9)
2 (6)

0.541
0.559
0.013
0.095
0.213
0.798
0.012
0.068
0.192
0.184
-
-

Abbreviations: PWH, persons with hemophilia; IQR, interquartile range; SD, standard deviation; BMI, body 
mass index; kg, kilograms; m, meter; mmHg, millimeter of mercury
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Table 3. Clinical characteristics of subjects with a high or a normal ankle brachial index, study II

High ABI
(n=15)

Normal ABI 
(n=46)

P-value

Median age, years (IQR)
Median BMI, kg/m2 (IQR)
Active smoker,(n)%
Median systolic blood pressure, mmHg (IQR)
Median diastolic blood pressure, mmHg (IQR)
Blood pressure ≥140/90 mmHg, n(%)
Median pulse pressure, mmHg (IQR)

54(50-62)
25.9 (24-27.1)
3 (20)
139 (134-145)
83 (79-85)
8 (53)
52 (46-60)

56 (49-60)
26.8 (25.1-28.2)
7 (15)
140 (130-152)
86 (78-97)
29 (63)
52 (46-60)

0.769
0.132
0.696
0.782
0.224
0.553
0.374

Abbreviations: ABI, ankle brachial index; IQR, interquartile range; BMI, body mass index; kg, kilograms; m, 
meter; mmHg, millimeter of mercury

DISCUSSION

This paper describes two studies in which the ABI in PWH was evaluated. In the first 
study, conducted to assess the presence of occlusive atherosclerotic lesions, a high 
prevalence of high ABI was found unexpectedly. High ABI can be a sign of arterial 
stiffness, and has been associated with hypertension9,10. Besides, combined elastic 
and muscular arterial stiffness, as measured with the brachial-ankle pulse wave 
velocity, has predictive value for the development of hypertension20. As hypertension 
is frequently found in PWH, we hypothesized that hemophilia is a risk factor for 
high ABI.

In the second study, we aimed to confirm our previous findings. As we wanted to 
test whether or not hemophilia is a risk factor for high ABI, we excluded the most 
well-known risk factors for high ABI: DM and CKD. Furthermore, we included a 
control group of males with a similar age. However, the results of the second study 
did not show any significant difference in prevalence of high ABI between PWH 
and controls. Therefore, our hypothesis that PWH are prone to high ABI could not 
be supported.

Measurement of the ABI is a simple, reliable method to assess arterial impairment 14. 
ABI values form a spectrum and values ≤0.9 and ≥1.3 are seen as the upper limits 
of normal. Normally, the ABI is close to 1.1, as the ankle systolic blood pressure is 
somewhat higher than the brachial systolic blood pressure21. This is caused by a 
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physiological phenomenon called pulse pressure amplification (PPA), which is the 
amplification of the pulse pressure wave during the travel into the periphery.

An ABI ≥1.3 has been linked to cardiovascular disease and even mortality in 
populations with DM, CKD and known cardiovascular disease22-24. However, the 
meaning of a high ABI in healthy people is controversial5,6,24,25. The multiethnic study of 
atherosclerosis (MESA) showed that in persons with an ABI ≥1.3 the PPA is higher than 
in persons with a normal ABI4. This implies that high ABI can be just a consequence 
of hemodynamic variation. Higher PPA is indeed associated with young age and male 
sex, whereas reduced PPA is associated with higher age, hypertension, smoking and 
dyslipidemia21. Therefore it has been suggested that high ABI can be the consequence 
of two different phenomena. First, high ABI can be the physiological consequence of 
increased PPA, without increased risk for cardiovascular disease. Second, high ABI 
can reflect vascular stiffness and is associated with increased cardiovascular disease. 
This pathologic increased ABI might occur only in certain populations.

Confronted with the results of study I, we hypothesized that hemophilia could be 
such a population. This was supported by the increased prevalence of hypertension in 
PWH, which might be related to structural changes in the vascular bed. An increased 
peripheral arterial stiffness could therefore be a manifestation of vascular pathology. 
Further support came from the fact that vascular calcification is associated with 
disorders in mineral metabolism26. Disturbances in bone metabolism have also been 
found in PWH, with and without loss of bone mineral density27,28. One underlying 
mechanism might be chronic joint inflammation caused by hemophilic arthropathy. 
This joint inflammation in hemophilia shares mechanisms with joint inflammation 
in rheumatoid arthritis (RA)29. Remarkably, in RA high ABI has also been reported. 
Del Rincón et al. describe a possible relation between joint damage (bone erosion) 
and peripheral arterial stiffness due to medial arterial calcification in RA30. High ABI 
in predominately PWH with severe disease, i.e. more joint damage, should have 
supported this possibility. However, in our study no differences in severity of disease 
were found between PWH with a high and PWH with a normal ABI.

Regarding our control population, the prevalence of high ABI was higher than in 
previous population-based cohort studies. In the MESA the prevalence of ABI 
≥1.3 was 9.6%, while 31% of the controls in our study had an ABI ≥1.34. In the 
Atherosclerosis Risk in Communities (ARIC) study the prevalence of high ABI was 
5.5%, and in the Cardiovascular Health study (CVH) 3.9%5,6. The difference might 
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be caused by the inclusion of only males in our study. Male sex was associated with 
higher ABI in all three mentioned studies. Another explanation is the difference in 
age (mean age in our study: 54 years vs. MESA: 62, CVH: 73, ARIC: 55). At higher 
age the ABI might decrease as consequence of asymptomatic obstructive artery 
disease in persons with cardiovascular risk factors3.

The prevalence of a low ABI in PWH was 3% (study I) and 10% (study II), indicating 
that PWH are at least not protected against peripheral arterial occlusive disease. 
For the evaluation of obstructive lesions in case of high ABI, we extended the 
measurements in study II with the TBI. However, among those with a high ABI, low 
TBI was hardly found. In other words, it is unlikely that we have missed the presence 
of obstructive disease in the case of hardly compressible arteries.

The prevalence of high ABI among PWH was lower in study II than in study I. This 
large difference is not easily explained. The measurement technique and conditions 
were the same, with the exception of data presentation (analog in study I and digital 
in study II). Furthermore, participants in both studies were of similar age. However, 
DM and CKD, well-known risk factors for high ABI, were exclusion criteria in study 
II, while in study I a total of 14 PWH had either DM or an eGFR <60 ml/min/1.73m2. 
On the other hand; no relation between DM or CKD and high ABI could be found in 
study I. Play of chance seems the most likely explanation.

The strength of this paper is the repeated measurement of ABI in an unselected 
cohort of PWH, instead of describing solely the intriguing results of study I. 
Reproducibility of results gains confidence in the scientific value of data and 
is a key feature of science. Recently, the importance of reproducibility has been 
underlined31,32.

A limitation of the paper is the fact that the sample size calculation of study II was 
based on the finding of an extreme difference in high ABI between PWH and 
controls. Smaller differences might therefore have been undetected. However, the 
data of study II provides no evidence for even a small effect size.

In conclusion, our data supports the existing evidence of increased blood pressure in 
PWH compared to age-matched controls. However, the hypothesis that hemophilia 
predisposes to a high ABI and that high ABI is associated with an increased blood 
pressure, could not be supported.
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