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ABSTRACT 
 
Sulodexide is a highly purified mixture of glycosaminoglycans that has been studied for its anti-
albuminuric potential. Considering the effects of glycosaminoglycans on endothelial function 
and sodium homeostasis, we hypothesized that sulodexide may lower blood pressure (BP). In 
this meta-analysis, we therefore investigated the antihypertensive effects of sulodexide treatment. 
We selected randomized controlled trials that investigated sulodexide treatment of at least 4 
weeks and measured BP at baseline and after treatment. Two reviewers independently extracted 
data on study design, risk of bias, population characteristics and outcome measures. In addition, 
we contacted authors and pharmaceutical companies to provide missing data. Eight studies, 
totalling 3019 subjects (mean follow-up 4.4 months) were included. Mean age was 61 years and 
mean baseline BP was 135/75 mmHg. Compared with control treatment, sulodexide resulted in 
a significant systolic (2.2 mmHg [95% CI 0.3 to 4.1], P=0.02) and diastolic BP reduction (1.7 
mmHg [95% CI 0.6 to 2.9], P=0.004). Hypertensive patients displayed the largest systolic BP and 
diastolic BP reductions (10.2/5.4 mmHg, P<0.001). Higher baseline systolic and diastolic BP 
were significantly associated with larger systolic (R2=0.83, P<0.001) and diastolic BP (R2=0.41, 
P=0.02) reductions after sulodexide treatment. In addition, systolic (R2=0.41, P=0.03) and 
diastolic BP reductions (R2=0.60, P=0.005) were significantly associated with albuminuria 
reduction. Our data suggest that sulodexide treatment results in a significant BP reduction, 
especially in hypertensive subjects. This indicates that endothelial glycosaminoglycans might be 
an independent therapy target in cardiovascular disease. Future studies should further address 
the BP lowering potential of sulodexide. 
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INTRODUCTION 
 
Hypertension is the most important risk factor for cardiovascular and all-cause mortality 
worldwide and its prevalence is still increasing1. However, half of all hypertensive patients have 
an uncontrolled blood pressure (BP) and even in patients who have their BP controlled the 
residual cardiovascular risk remains high2-5. New therapeutic interventions may therefore help to 
control the cardiovascular burden of hypertension. 
 Sulodexide is a highly purified mixture of glycosaminoglycans (GAGs) that is currently 
marketed in a number of countries in Europe, South America and Asia for various 
cardiovascular conditions. GAGs are large, negatively charged, linear polymers that are present 
on the surface of all endothelial cells and in the extracellular matrix. Here, GAGs interact with a 
wide range of processes that are involved in the development of cardiovascular disease, including 
shear mediated nitric oxide (NO) production and non-osmotic sodium storage6. Sulodexide has 
been shown to improve endothelial function and lipid profiles, exert anti-inflammatory, anti-
thrombotic and fibrinolytic activity, inhibit leucocyte adhesion and diminish platelet 
aggregation7. Because of these vasoprotective effects, sulodexide has been studied in numerous 
clinical trials. For instance, sulodexide has been shown to decrease claudication symptoms in 
peripheral artery disease patients and to prevent atherothrombotic events after acute myocardial 
infarction8, 9. In addition, a series of small studies demonstrated that sulodexide decreased 
albuminuria10. However, two recently performed large randomized controlled trials could not 
reproduce these findings11, 12. Noticeably, no clinical trials have thus far investigated the 
antihypertensive potency of sulodexide. 
 In this meta-analysis, we have therefore investigated whether sulodexide treatment 
results in a significant BP reduction when compared with control treatment in adult patients. 
 
 

METHODS 
 
The primary objective of this systematic review and meta-analysis was to investigate the effect of 
sulodexide on BP in adult patients, after correction for control treatment. 
 
Information sources and searches 
In this meta-analysis, we adhered to PRISMA guidelines. MEDLINE, EMBASE and Cochrane 
library databases were searched (until October 2014) for clinical trials in which sulodexide was 
administered to adult subjects. The electronic search strategy was designed by two authors 
(ROE, NR) who were trained in systematic review searches (Supplementary Data). In addition, 
we used bibliographies of previously published narrative reviews and editorials concerning 
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sulodexide to search for eligible clinical trials. Articles were first evaluated based on title and 
abstract. Case reports, guidelines, editorials and reviews were excluded, as well as abstracts with 
a combination of title and abstract that indicated that the article could not meet the 
requirements of this review. 
 
Study selection 
For this review we considered randomized controlled trials in adult patients that investigated the 
effects of sulodexide on any medical condition. Studies were included when sulodexide 
treatment lasted at least 4 weeks and BP data were reported. We excluded studies with active 
treatment in the control arm. To ensure that the data set was as complete as possible we 
contacted corresponding authors and sulodexide manufacturers of studies that mentioned BP 
measurements, but not reported BP values. Two reviewers (ROE and NR) independently 
assessed the eligibility of each study. Disagreement was resolved through final discussion with a 
third reviewer (LV). 
 
Data collection process and data items 
We extracted data using a standardized data abstraction form. Data extraction was done by two 
independent reviewers (ROE and NR). We extracted data on BP changes in sulodexide and 
control groups. In addition, we collected data on key demographics such as age, gender, body 
mass index (BMI), baseline BP, plasma creatinine, diabetes prevalence, presence of albuminuria 
and use of renin-angiotensin system (RAS) inhibitors, and study characteristics such as study 
size, mean follow-up duration, publication year and inclusion criteria, and the incidence of 
adverse events. Adverse events were defined as serious adverse events or adverse events that led 
to study discontinuation of the patient. 
 
Risk of bias in individual studies 
In individual studies, two authors (ROE and NR) assessed the risk of bias according to the 
Cochrane Handbook Guidelines. The risk of bias was assessed for random sequence generation, 
allocation concealment, blinding of personnel and participants, blinding of outcome assessment, 
incomplete outcome data and selective reporting. 
 
Summary measures and synthesis of results 
Quantitative analyses of outcomes were based on intention-to-treat analysis whenever possible. 
We calculated mean BP changes and 95% confidence intervals (CI) between baseline and after 
sulodexide treatment for each study to combine outcomes across trials. To correct for placebo 
effects and regression to the mean, we adjusted the mean BP difference for the observed BP 
change in parallel control groups (i.e. control-subtracted effects). To investigate the effects of 
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sulodexide both in normotensive and hypertensive subjects, we performed a stratified analysis 
for studies with baseline BP ≥140/90 mmHg and <140/90 mmHg. 
 We calculated the (anti-)albuminuric and proteinuric effects of sulodexide in 
percentage change from baseline (mean and standard deviation), corrected for control groups. 
To combine incidences of adverse events among trials, we calculated risk ratios for each study. 
 Statistical heterogeneity was identified by calculating I2 that describes the percentage of 
total variation across studies that is due to heterogeneity13. We examined funnel plot asymmetry 
to explore the potential presence of publication bias. Data were analyzed using a random effects 
model. 
 
Sensitivity and meta-regression analyses 
The robustness of our results was tested by sensitivity analyses excluding open label trials and 
trials that did not keep track of antihypertensive treatment during follow-up. We used meta-
regression analyses to test whether BP changes induced by sulodexide were associated with 
albuminuria reduction, a surrogate endpoint for both cardiovascular and renal outcome14, 15, or 
patient characteristics such as age, gender, sulodexide dose, use of renin-angiotensin system 
inhibition and baseline BP. In these analyses, studies were weighted according to the inverse 
variance of the BP changes. Risk ratios for adverse events were log-transformed for linear 
regression analyses. Data were analyzed using Cochrane Review Manager Software (Review 
Manager 5.2) and SPSS (Version 21.0, SPSS, Inc., Chicago, IL, USA). 
 
 

RESULTS 
 
Study selection 
A total of 638 records were found after searching in MEDLINE, EMBASE and the Cochrane 
database and 93 full-text articles were reviewed (Figure 1). Eight studies containing thirteen 
comparisons, totalling 3019 participants, were included10-12, 16-20. 
 
Study characteristics 
In seven studies, sulodexide treatment was compared with placebo while one study compared 
sulodexide with a control group that did not receive any treatment. Six out of eight studies 
investigated possible anti-albuminuric effects of sulodexide in diabetic patients. Three of these 
studies only included micro-albuminuric patients11, 17, 20, one study only included macro-
albuminuric patients12 and two studies included both micro- and macro-albuminuric patients10, 

18. In addition, one study investigated the effects of sulodexide on proteinuria from non-diabetic 
origin (IgA nephropathy)16. The remaining study investigated the effects of sulodexide on ulcer 
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healing in patients with chronic venous insufficiency19. BP measurements were reported after 3 
to 6 months of sulodexide therapy with an average treatment period of 4.4 months. 
 
Patient characteristics 
The mean age of participants was 61 (11) years, 73% were male and mean systolic BP (SBP) (135 
± 15 mmHg) and diastolic BP (DBP) (75 ± 10 mmHg) were within normal range (Table 1). The 
average BMI was 31.8 ± 11.5 kg m−2 and mean serum creatinine was 141 ± 62 µmol l−1. In six 
studies sulodexide was given on top of RAS inhibition10-12, 16, 18, 20. The mean administered 
sulodexide dose was 185 mg day−1 and ranged from 50 to 400 mg among studies. 
 
Figure 1. Selection process for studies included in the meta-analysis according to the PRISMA 
2009 flow diagram. 
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Risk of bias within and across studies 
Seven out of eight studies were double-blinded. Three studies explicitly stated that no change in 
antihypertensive treatment was made during sulodexide or placebo treatment10, 17, 18. Four studies 
reported methods for BP measurements, all calculating mean values of three seated BP 
measurements after at least 5 min rest. Corresponding authors provided (additional) BP data for 
three studies. BP data for one study was retrieved after contact with the manufacturer (Alfa 
Wasserman, Bologna, Italy). Funnel plots were symmetrical by visual inspection suggesting that 
no publication bias was present. 
 

Table 1. Characteristics of included studies. 

Study Population N Treatment FU 
Age 
(yrs) 

Male 
(%) 

DM1/DM2 
(%) 

RASi 
(%) 

Bang  
201216 

Macroalbuminuric 
IgA nephropathy  

28 SUL 150 mg 
6 

40 50 0/0 100 
25 SUL 75 mg 42 36 0/0 100 
24 Placebo 43 50 0/0 100 

Coccheri 
200217 

Chronic venous 
insufficiency 120 

SUL 60 mg im 20d, 
100 mg oral 70d 3 

63 44 NA/NA NA 

110 Placebo 64 48 NA/NA NA 
Gambaro 
200210 

Micro- and macro-
albuminuric  

55 SUL 200 mg 

4 

47 NA 56/44 58 
56 SUL 100 mg 47 NA 59/41 48 
56 SUL 50 mg 49 NA 54/46 48 
56 Placebo 47 NA 54/46 54 

Heerspink 
200818 

Microalbuminuric  52 SUL 400 mg 
6 

61 73 0/100 100 
50 SUL 200 mg 64 72 0/100 100 
47 Placebo 60 70 0/100 100 

Lewis 
201111 

Microalbuminuric  524 SUL 200 mg 
6 

62 75 0/100 100 
532 Placebo 62 77 0/100 100 

Packham 
201212 

Macroalbuminuric  619 SUL 200 mg 
3 

62 62 0/100 100 
629 Placebo 64 60 0/100 100 

Solini 
199719 

Hypertensive 
micro- and macro-
albuminuric  

12 SUL 100 mg 
4 52 NA 

0/100 
17 

12 Placebo 0/100 

Velussi 
199620 

Hypertensive 
microalbuminuric  

24 SUL 100 mg 
6 67 67 

0/100 
NA 

24 No treatment 0/100 
BL, baseline; DBP, diastolic blood pressure; DM, diabetes mellitus; FU, follow-up in months; im, 
intramuscular; RASi, renin-angiotensin system inhibition; SBP, systolic blood pressure; SUL, sulodexide; 
NA, not available. 
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Synthesis of results 
Sulodexide treatment led to a significant control-subtracted BP reduction (Figure 2). SBP 
decreased by 2.2 mmHg (P=0.022; I2=53%) while DBP decreased by 1.7 mmHg (P=0.004; 
I2=59%). In two studies that included patients with an average uncontrolled BP at baseline (i.e. 
>140/90 mmHg) we observed a large SBP (10.2 mmHg, P<0.001) and DBP reduction (5.4 
mmHg, P<0.001), while studies that included patients with a controlled BP at baseline showed a 
lesser SBP (1.0 mmHg, P=0.07) and DBP reduction (1.0 mmHg, P=0.02) (Figure 2). In the 
subgroups of patients with an average controlled or uncontrolled BP we found no heterogeneity 
for the outcomes of SBP and DBP reduction (I2 <50%). Sensitivity analyses did not lead to a 
significant change in treatment effect. 
 
Figure 2A. Forest plot of SBP changes. 

Study Year  Dose BL SBP Mean SBP change [95% CI]
Baseline BP <140/90 mmHg
Bang et al. [16] 2012 175 118.9 -3.3 [-10.1, 16.7]
Bang et al. [16]  2012 150 121.4 -0.6 [-9.2, 8.0]
Heerspink et al. [20] 2008 400 129 -0.0 [-5.6, 5.6]
Heerspink et al. [20] 2008 200 130 -1.0 [-6.3, 4.3]
Lewis et al. [11] 2011 200 130.7 -0.7 [-0.9, 2.3]
Gambaro et al. [10] 2002 100 136.1 -0.9 [-6.8, 5.0]
Packham et al. [12] 2012 200 138.0 -2.4 [-4.2, -0.6]
Gambaro et al. [10] 2002 1 150 139.6 -3.7 [-9.1, 1.7]
Gambaro et al. [10] 2002 200 139.7 -1.6 [-8.0, 4.8]
Coccheri et al. [19] 2002 100 139.8 -3.2 [-7.0, 0.6]
Subtotal (I2 = 6%, P = 0.07) -1.0 [-2.2, 0.1]

Baseline BP >140/90 mmHg
Solini et al. [18]  1997  100 155 -14.6 [-27.6, -1.6]
Velussi et al. [17] 1996 100 160.5 -9.5 [-14.7, -4.4]
Subtotal  (I2 = 0%, P < 0.001) -10.2 [-15.0, -5.4]

Overall (I2 = 53%, P = 0.02) -2.2 [-4.1, -0.3]

0 10-10-20

SBP change (mmHg)
 

Studies have been separated according to mean baseline BP as hypertensive (>140/90 mmHg) or non-
hypertensive (<140/90 mmHg). Studies were weighted by the inverse of variance assuming random 
effects. The diameter of the point estimate (circle), representing mean BP changes, is proportional to the 
weight of the study. BL, baseline; DBP, diastolic BP; SBP, systolic BP. 
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Figure 2B. Forest plot of DBP changes. 

Study Year Dose BL DBP Mean DBP change [95% CI]
Baseline BP <140/90 mmHg
Heerspink et al. [20] 2008 200 73 -0.0 [-4.1, 4.1]
Bang et al. [16] 2012 175 73.1 -0.7 [-9.0, 7.6]
Bang et al.[16] 2012 150 73.6 -4.0 [-9.0, 1.0]
Packham et al. [12] 2012 200 73.6 -0.7 [-1.8, 0.4]
Lewis et al. [11] 2011 200 73.7 -0.2 [-0.9, 1.3]
Heerspink et al. [20] 2008 400 75 -0.0 [-3.7, 3.7]
Gambaro et al. [10] 2002 100 82.1 -1.0 [-3.3, 1.3]
Gambaro et al. [10] 2002 150 82.6 -1.4 [-3.8, 1.0]
Gambaro et al. [10] 2002 200 82.8 -2.5 [-6.7, 1.7]
Coccheri et al. [19] 2002 100 86.6 -3.4 [-5.6, -1.2]
Subtotal (I2 = 22%, P = 0.02) -1.0 [-1.8, -0.1]

Baseline BP >140/90 mmHg
Solini et al. [18]  1997 100 81 -8.3 [-15.3, -1.3]
Velussi et al. [17] 1996 100 85 -5.0 [-7.4, -2.6]
Subtotal  (I2 = 0%, P < 0.001) -5.4 [-7.6, -3.1]

Overall (I2 = 59%, P = 0.004) -1.7 [-2.9, -0.6]

0 5-10-15 -5
DBP change (mmHg)

 
Studies have been separated according to mean baseline BP as hypertensive (>140/90 mmHg) or non-
hypertensive (<140/90 mmHg). Studies were weighted by the inverse of variance assuming random 
effects. The diameter of the point estimate (circle), representing mean BP changes, is proportional to the 
weight of the study. BL, baseline; DBP, diastolic BP; SBP, systolic BP. 
 
 
Six comparisons demonstrated a reduction in albuminuria or proteinuria after sulodexide 
treatment while five comparisons, including two large recent trials, did not. The mean effect of 
sulodexide on albuminuria or proteinuria was a non-significant decrease of 6% (95% CI −35% to 
23%, P=0.70). The change in albuminuria and proteinuria after sulodexide treatment was 
significantly associated with the degree of SBP (R2=0.41, P=0.034) and DBP reduction 
(R2=0.60, P=0.005) (Figure 3). 
 Seven out of eight trials reported the incidence of adverse events during sulodexide and 
placebo treatment. Comparable incidences of adverse events were found for sulodexide and 
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placebo (risk ratio 1.07 [95% CI 0.93 to 1.22], P=0.33). Most adverse events that were reported 
were not believed to be related to the study medication. 
 
Figure 3. Association between BP and anti-albuminuric effects. 
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Changes in albuminuria were significantly associated with SBP (R2=0.41, P=0.034) and DBP changes 
(R2=0.60, P=0.005) induced by sulodexide. Linear regression analysis of the association between SBP 
(black) and DBP (gray) reduction and anti-albuminuric effects after sulodexide treatment. 
 
 
Meta-regression analyses 
We observed a significant positive association between baseline SBP and the observed drop in 
SBP (R2=0.83, P<0.001) as well as baseline DBP and the DBP reduction (R2=0.41, P=0.024) after 
sulodexide treatment. SBP reduction showed a significant positive association with total 
cholesterol concentrations (R2=0.65, P=0.029). In addition, higher total cholesterol 
concentrations and lower BMI were significantly associated with larger DBP reductions. These 
associations, however, did not remain significant after correction for baseline BP. Sulodexide 
dose, mean age, gender, length of follow-up, study size and serum creatinine were not associated 
with the effects of sulodexide on BP. The risk of adverse events was not associated with baseline 
BP, observed BP changes during treatment or sulodexide dose. 
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DISCUSSION 
 
The findings of this meta-analysis demonstrate that sulodexide has antihypertensive potency. 
Because included studies were randomized controlled trials of good methodological quality and 
we corrected for BP changes in parallel control groups, the observed BP lowering effects are 
neither caused by a placebo effect nor by regression to the mean. The significant SBP and DBP 
decrease in patients with uncontrolled hypertension equals BP reductions achieved after 
monotherapy with other classes of antihypertensive drugs21. In patients with controlled BP, 
sulodexide resulted in a minor, significant reduction in DBP, while SBP was not significantly 
reduced. These effects were observed in subjects with high cardiovascular risk of which the 
majority was already being treated with antihypertensive drugs. 
 We could not observe a dose-dependent association between sulodexide dose and the 
degree of BP reduction. Because baseline BP was a strong covariate that had a large influence on 
the degree of BP reduction, this analysis cannot exclude possible dose-dependent effects of 
sulodexide. In three studies that investigated multiple sulodexide doses within one study, in 
patients with similar baseline BP, we could not observe a dose-dependent BP effect. Because 
patients in these studies had controlled BP, it cannot be excluded that the BP reduction in 
patients with uncontrolled BP may be larger. A higher incidence of adverse events may be 
anticipated for higher doses of sulodexide22. However, the rate of adverse events during 
sulodexide treatment was similar to placebo and higher doses were not associated with an 
increase in adverse events. 
 The BP lowering effects of sulodexide may relate to both increased NO production and 
non-osmotic sodium storage. Sulodexide has been demonstrated to increase NO availability in a 
rat model of chronic kidney disease23. This may be because of a reduction in inflammation or 
oxidative stress, both of which have been observed after sulodexide treatment and are known to 
decrease NO bioavailability24-26. An increase in endothelial surface layer (ESL) volume may be 
another mechanism by which sulodexide could increase NO production. The ESL is a dynamic 
layer on the luminal side of the endothelial cell that is home to a large amount of GAGs, 
especially heparan sulphate. Sulodexide is distributed to the ESL where it has been shown to 
restore reduced ESL dimensions present in diabetic patients27-29. As the ESL is an important 
mediator of shear-induced NO production, an increase in ESL volume following sulodexide 
treatment may lead to an increase in NO availability30-32. BP reductions by sulodexide therefore 
seem a logical result of endothelial function improvement that appears to be the common 
pathway of many actions exerted by sulodexide33-35. Non-osmotic sodium storage may also 
contribute to the antihypertensive potency of sulodexide6. Sulodexide consists of negatively 
charged GAGs, which have been shown to be able to bind and osmotically inactivate sodium 
ions in the skin interstitium36-38. In addition, GAGs in the ESL have been shown to be able to 
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bind sodium under flow conditions39. Considering the large systemic volume of the ESL, non-
osmotic sodium storage in the ESL may have significant implications for BP and extracellular 
volume regulation40. Sulodexide may therefore increase the capacity for non-osmotic sodium 
storage and prevent sodium from deteriorating endothelial cell function or expanding 
extracellular volume and causing BP to rise29. 
 By increasing NO availability and the non-osmotic ESL buffer capacity for sodium, 
sulodexide may be particularly beneficial in salt-sensitive hypertension and result in an 
additional BP reduction on top of other antihypertensive treatments. As salt-sensitivity is a 
major problem in resistant hypertension, sulodexide may contribute to the treatment of resistant 
hypertension41. This is supported by the results of our meta-analysis, in which most patients 
received sulodexide on top of antihypertensive treatment and showed an additional BP 
reduction. In addition, sulodexide has favourable characteristics that may reduce cardiovascular 
risk beyond BP. Sulodexide has been shown to diminish platelet aggregation and to exert anti-
inflammatory, lipid lowering, anti-thrombotic and fibrinolytic actions7. It is therefore 
conceivable that sulodexide may be able to affect beneficially the residual risk of hypertensive 
patients that remains high despite maximum antihypertensive treatment3. Furthermore, as 
recently hypothesized by us and others, an increase in non-osmotic sodium storage capacity may 
help to control fluid overload in patients with heart failure and chronic kidney disease6, 42. A 
cardiovascular outcome trial in 3986 myocardial infarction patients demonstrated that 
sulodexide was able to reduce mortality and reinfarction rate compared with standard therapy, 
excluding antiplatelet and anticoagulant therapy9. Because a highly significant risk reduction of 
death from heart failure in the first months was not accompanied by a risk reduction of 
reinfarction rate, other mechanisms than the hypothesized anti-coagulant activity may have 
contributed to the cardiovascular benefit including BP lowering effects and an increase in non-
osmotic sodium binding capacity. 
 In this meta-analysis, most included studies have investigated the ability of sulodexide 
to reduce albuminuria or proteinuria. Various underlying mechanisms have been suggested for 
the proposed anti-albuminuric/proteinuric effects of sulodexide, all of them assuming that 
sulodexide specifically targets the kidney. Our data show that greater reductions in albuminuria 
by sulodexide are associated with larger BP reductions. This is consistent with previous studies 
that have demonstrated that lower BP is associated with less albuminuria, also in the lower BP 
ranges of the studies that were included in this meta-analysis43. This suggests that systemic 
effects of sulodexide should not be overlooked and may explain the contrasting finding of 
previous studies on albuminuria endpoints to a certain extent. Future studies investigating the 
kidney-specific effect of sulodexide should therefore correct for systemic BP reductions. 
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We acknowledge some limitations in the interpretation of the data from this meta-analysis. First 
of all, methods of BP measurements were only provided in three trials and could be retrieved in 
one more after correspondence. Second, three studies did not keep track of antihypertensive 
medication use. This is most likely because these studies included patients with controlled BP. 
Although these limitations may induce bias, their influence is probably minor since seven out of 
eight studies were double-blinded and BP was not regarded as a primary outcome in any of the 
studies. 
 
 

CONCLUSION 
 
This meta-analysis provides evidence that sulodexide treatment results in a significant BP 
reduction, especially in hypertensive patients. Considering the anti-inflammatory and anti-
thrombotic actions, it is conceivable that sulodexide may render additional cardioprotective 
benefits as compared with regular classes of antihypertensive agents. Future studies are needed 
to confirm the antihypertensive potency of sulodexide and investigate the mechanisms 
underlying the BP reducing effects. Finally, optimal dosing and combination strategies with 
current antihypertensive treatment for BP control deserve exploration. 
 
 

REFERENCES 
 
1. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, Amann M, Anderson 

HR, Andrews KG, Aryee M, Atkinson C, Bacchus LJ, Bahalim AN, Balakrishnan K, Balmes J, et al. A 
comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk 
factor clusters in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study 
2010. Lancet 2012;380:2224-2260. 

2. Andersson OK, Almgren T, Persson B, Samuelsson O, Hedner T, Wilhelmsen L. Survival in treated 
hypertension: follow up study after two decades. BMJ 1998;317:167-171. 

3. Blacher J, Evans A, Arveiler D, Amouyel P, Ferrieres J, Bingham A, Yarnell J, Haas B, Montaye 
M, Ruidavets JB, Ducimetière P; PRIME Study Group. Residual cardiovascular risk in treated 
hypertension and hyperlipidaemia: the PRIME Study. J Hum Hypertens 2010;24:19-26. 

4. Egan BM, Li J, Qanungo S, Wolfman TE. Blood pressure and cholesterol control in hypertensive 
hypercholesterolemic patients: national health and nutrition examination surveys 1988-2010. 
Circulation 2013;128:29-41. 

5. Vital signs: prevalence, treatment, and control of hypertension--United States, 1999-2002 and 2005-
2008. MMWR Morb Mortal Wkly Rep 2011;60:103-108. 

6. Olde Engberink RH, Rorije NM, Homan van der Heide JJ, van den Born BJ, Vogt L. Role of the 
vascular wall in sodium homeostasis and salt sensitivity. J Am Soc Nephrol 2015;26:777-83. 

7. Coccheri S, Mannello F. Development and use of sulodexide in vascular diseases: implications for 
treatment. Drug Des Devel Ther 2013;8:49-65. 

6 



Chapter 6 

 132 

8. Coccheri S, Scondotto G, Agnelli G, Palazzini E, Zamboni V; Arterial Arm of the Sulodexide Arterial 
Venous Italian Study group. Sulodexide in the treatment of intermittent claudication: Results of a 
randomized, double-blind, multicentre, placebo-controlled study. Eur Heart J 2002;23:1057-1065. 

9. Condorelli M, Chiariello M, Dagianti A, Penco M, Dalla Volta S, Pengo V, Schivazappa L, Mattioli G, 
Mattioli AV, Brusoni B, Trotta E, Bignamini A. IPO-V2: A prospective, multicenter, randomized, 
comparative clinical investigation of the effects of sulodexide in preventing cardiovascular accidents in 
the first year after acute myocardial infarction. J Am Coll Cardiol 1994;23:27-34. 

10. Gambaro G, Kinalska I, Oksa A, Pont'uch P, Hertlová M, Olsovsky J, Manitius J, Fedele D, Czekalski 
S, Perusicová J, Skrha J, Taton J, Grzeszczak W, Crepaldi G. Oral Sulodexide Reduces Albuminuria in 
Microalbuminuric and Macroalbuminuric Type 1 and Type 2 Diabetic Patients: The Di.N.A.S. 
Randomized Trial. J Am Soc Nephrol 2002;13:1615-1625. 

11. Lewis EJ, Lewis JB, Greene T, Hunsicker LG, Berl T, Pohl MA, de Zeeuw D, Heerspink HL, Rohde 
RD, Atkins RC, Reutens AT, Packham DK, Raz I; Collaborative Study Group. Sulodexide for Kidney 
Protection in Type 2 Diabetes Patients With Microalbuminuria: A Randomized Controlled Trial. Am J 
Kidney Dis 2011;58:729-736. 

12. Packham DK, Wolfe R, Reutens AT, Berl T, Heerspink HL, Rohde R, Ivory S, Lewis J, Raz 
I, Wiegmann TB, Chan JC, de Zeeuw D, Lewis EJ, Atkins RC; Collaborative Study Group. Sulodexide 
Fails to Demonstrate Renoprotection in Overt Type 2 Diabetic Nephropathy. J Am Soc Nephrol 
2012;23:123-130. 

13. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ 
2003;327:557-560. 

14. de Zeeuw D, Remuzzi G, Parving HH, Kean WF, Zhang Z, Shahinfar S, Snapinn S, Cooper ME, Mitch 
WE, Brenner BM. Albuminuria, a therapeutic target for cardiovascular protection in type 2 diabetic 
patients with nephropathy. Circulation. 2004;110:921-927. 

15. Smink PA, Lambers Heerspink HJ, Gansevoort RT, de Jong PE, Hillege HL, Bakker SJ, de Zeeuw D. 
Albuminuria, estimated GFR, traditional risk factors, and incident cardiovascular disease: the 
PREVEND (Prevention of Renal and Vascular Endstage Disease) study. Am J Kidney Dis. 2012;60:804-
11. 

16. Bang K, Chin HJ, Chae DW, Joo KW, Kim YS, Kim S, Ju KD, Kim H, Ahn C, Oh KH. Anti-Proteinuric 
Effect of Sulodexide in Immunoglobulin A Nephropathy. Yonsei Med J 2011;52:588-594. 

17. Coccheri S, Scondotto G, Agnelli G, Aloisi D, Palazzini E, Zamboni V. Randomised, double blind, 
multicentre, placebo controlled study of sulodexide in the treatment of venous leg ulcers. Thromb 
Haemost 2002;87:947-952. 

18. Heerspink HL, Greene T, Lewis JB, Raz I, Rohde RD, Hunsicker LG, Schwartz SL, Aronoff S, Katz 
MA, Eisner GM, Mersey JH, Wiegmann TB; Collaborative Study Group. Effects of sulodexide in 
patients with type 2 diabetes and persistent albuminuria. Nephrol Dial Transplant 2008;23:1946-1954. 

19. Solini A, Vergnani L, Ricci F, Crepaldi G. Glycosaminoglycans delay the progression of nephropathy 
in NIDDM. Diabetes Care 1997;20:819-823. 

20. Velussi M, Cernigoi AM, Dapas F, de Monte A. Glycosaminoglycans oral therapy reduces 
microalbuminuria, blood fibrinogen levels and limb arteriopathy clinical signs in patients with non-
insulin dependent diabetes mellitus. Diabetes, Nutr Metab 1996;9:53-58. 

21. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of 
cardiovascular disease: meta-analysis of 147 randomised trials in the context of expectations from 
prospective epidemiological studies. BMJ 2009;338:b1665. 

22. Cosmi B, Cini M, Legnani C, Pancani C, Calanni F, Coccheri S. Additive thrombin inhibition by fast 
moving heparin and dermatan sulfate explains the anticoagulant effect of sulodexide, a natural mixture 
of glycosaminoglycans. Thromb Res 2003;109:333-339. 



Sulodexide and blood pressure 

 133 

23. Li P, Ma LL, Xie RJ, Xie YS, Wei RB, Yin M, Wang JZ, Chen XM. Treatment of 5/6 nephrectomy rats 
with sulodexide: a novel therapy for chronic renal failure. Acta Pharmacol Sin 2012;33:644-651. 

24. Polubinska A, Staniszewski R, Baum E, Suminska-Jasinska K, Breborowicz A. Sulodexide modifies 
intravascular homeostasis what affects function of the endothelium. Adv Med Sci 2013;58:304-310. 

25. Bilinska M, Wolszakiewicz J, Duda M, Janas J, Beresewicz A, Piotrowicz R. Antioxidative activity of 
sulodexide, a glycosaminoglycan, in patients with stable coronary artery disease: a pilot study. Med Sci 
Monit 2009;15:CR618-CR623. 

26. Sena CM, Pereira AM, Seica R. Endothelial dysfunction - a major mediator of diabetic vascular disease. 
Biochim Biophys Acta 2013;1832:2216-2231. 

27. Ruggeri A, Guizzardi S, Franchi M, Morocutti M, Mastacchi R. Pharmacokinetics and distribution of a 
fluoresceinated glycosaminoglycan, sulodexide, in rats. Part II: Organ distribution in rats. 
Arzneimittelforschung 1985;35:1517-1519. 

28. Cristofori MM. Pharmacokinetics and distribution of a fluoresceinated glycosaminoglycan, 
sulodexide, in rats. Part I: Pharmacokinetics in rats. Arzneimittelforschung 1985;35:1513-1516. 

29. Broekhuizen LN, Lemkes BA, Mooij HL, Meuwese MC, Verberne H, Holleman F, Schlingemann 
RO, Nieuwdorp M, Stroes ES, Vink H. Effect of sulodexide on endothelial glycocalyx and vascular 
permeability in patients with type 2 diabetes mellitus. Diabetologia 2010;53:2646-2655. 

30. Florian JA, Kosky JR, Ainslie K, Pang Z, Dull RO, Tarbell JM. Heparan sulfate proteoglycan is a 
mechanosensor on endothelial cells. Circ Res 2003;93:e136-e142. 

31. Pahakis MY, Kosky JR, Dull RO, Tarbell JM. The role of endothelial glycocalyx components in 
mechanotransduction of fluid shear stress. Biochem Biophys Res Commun 2007;355:228-233. 

32. Mochizuki S, Vink H, Hiramatsu O, Kajita T, Shigeto F, Spaan JAE, Kajiya F. Role of hyaluronic acid 
glycosaminoglycans in shear-induced endothelium-derived nitric oxide release. Am J of Physiol Heart 
Circ Physiol 2003;285:H722-H726. 

33. Panza JA, Casino PR, Kilcoyne CM, Quyyumi AA. Role of endothelium-derived nitric oxide in the 
abnormal endothelium-dependent vascular relaxation of patients with essential hypertension. 
Circulation 1993;87:1468-1474. 

34. Panza JA, Quyyumi AA, Brush JE, Jr., Epstein SE. Abnormal endothelium-dependent vascular 
relaxation in patients with essential hypertension. N Engl J Med 1990;323:22-27. 

35. Benjamin EJ, Larson MG, Keyes MJ, Mitchell GF, Vasan RS, Keaney JF, Lehman BT, Fan S, Osypiuk 
E, Vita JA. Clinical correlates and heritability of flow-mediated dilation in the community: the 
Framingham Heart Study. Circulation 2004;109:613-619. 

36. Farber SJ, Schubert M. The Binding of Cations by Chondroitin Sulfate. J Clin Invest 1957;36:1715-
1722. 

37. Titze J, Shakibaei M, Schafflhuber M, Schulze-Tanzil G, Porst M, Schwind KH, Dietsch P, Hilgers KF. 
Glycosaminoglycan polymerization may enable osmotically inactive Na+ storage in the skin. Am J 
Physiol Heart Circ Physiol 2004;287:H203-H208. 

38. Machnik A, Neuhofer W, Jantsch J, Dahlmann A, Tammela T, Machura K, Park JK, Beck FX, Müller 
DN, Derer W, Goss J, Ziomber A, Dietsch P, Wagner H, van Rooijen N, Kurtz A, Hilgers KF, Alitalo 
K, Eckardt KU, Luft FC, Kerjaschki D, Titze J. Macrophages regulate salt-dependent volume and blood 
pressure by a vascular endothelial growth factor-C-dependent buffering mechanism. Nat Med 
2009;15:545-552. 

39. Siegel G, Walter A, Kauschmann A, Malmsten M, Buddecke E. Anionic biopolymers as blood flow 
sensors. Biosens Bioelectron 1996;11:281–294. 

40. Nieuwdorp M, Mooij HL, Kroon J, Atasever B, Spaan JA, Ince C, Holleman F, Diamant M, Heine RJ, 
Hoekstra JB, Vink H. Endothelial glycocalyx damage coincides with microalbuminuria in type 1 
diabetes. Diabetes 2006;55:1127-32. 

6 



Chapter 6 

 134 

41. Pimenta E, Gaddam KK, Oparil S, Aban I, Husain S, Dell'Italia LJ, Calhoun DA. Effects of dietary 
sodium reduction on blood pressure in subjects with resistant hypertension: results from a randomized 
trial. Hypertension 2009;54:475-481. 

42. Nijst P, Verbrugge FH, Grieten L, Dupont M, Steels P, Tang WH, Mullens W. The pathophysiological 
role of interstitial sodium in heart failure. J Am Coll Cardiol 2015;65:378-88. 

43. Knight EL, Kramer HM, Curhan GC. High-normal blood pressure and microalbuminuria. Am J 
Kidney Dis 2003;41:588-95. 


