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ABSTRACT

Introduction: Micro- and macrovascular com-
plications of diabetes are leading morbidities in
the world population. They are responsible not
only for increased mortality but also severe
disabilities, which jeopardize quality of life
(e.g., blindness, walking limitations, and renal
failure requiring dialysis). The new antidiabetic
agents (e.g., glucagon-like peptide 1 receptor
agonists and sodium–glucose cotransporter
inhibitors) are increasingly recognized as
breakthrough agents in the treatment of dia-
betes and prevention of diabetic complications.

However, drugs effective in preventing and
treating diabetic disabilities are still needed and
sulodexide could be one of those able to address
the unmet clinical needs of the new antidiabetic
agents.
Methods: We searched MEDLINE, EMBASE, the
Cochrane Central Register of Controlled Trials,
and the World Health Organization (WHO)
International Clinical Trials Registry Platform
Search Portal. We also manually searched
potentially relevant journals, conference pro-
ceedings, and journal supplements. Any study
monitoring any effect of sulodexide in subjects
with diabetes, in relation to renal, vascular, and
ocular complication, was considered. Treatment
effects were estimated using standardized mean
differences (SMDs), mean differences (MDs),
and risk ratios (RRs), as appropriate. We calcu-
lated 95% confidence interval (CIs) and
heterogeneity (Q, tau, and I2).
Results: The search found 45 studies with 2817
participants (mean age 57 years; 63% male). The
26 randomized controlled studies included
2074 participants (mean age 58.8 years; 66%
male). Sulodexide reduced the impact of dia-
betic retinopathy; increased the pain-free and
maximal walking distance in peripheral arterial
disease; accelerated the healing of diabetes-as-
sociated trophic ulcers; and decreased the rate
of albumin excretion in subjects with
nephropathy. The risk of adverse events (AEs)
was not different between sulodexide and
controls.
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Conclusion: Sulodexide has a beneficial effect
on the ocular, peripheral arterial disease,
trophic ulcers, and renal complications of dia-
betes without increasing the risk of AEs.

Keywords: Claudication; Diabetes
complications; Diabetes-associated trophic
ulcers; Efficacy; Meta-analysis; Nephropathy;
Peripheral arterial disease; Retinopathy;
Sulodexide

Key Summary Points

Why carry out this study?

Diabetic micro- and macrovascular
complications lead to increased morbidity
and mortality, and drugs effective in
preventing and treating these
complications are needed.

Sulodexide is a glycosaminoglycan that
may be useful in the prevention and
management of diabetic disabilities,
including renal, ocular, and peripheral
vascular complications.

The aim of this systematic review and
meta-analysis was to examine the effects
of sulodexide for prevention and/or
management of diabetic micro- and
macrovascular complications.

What was learned from the study?

Sulodexide improved symptoms in
patients with diabetic retinopathy,
peripheral arterial disease, trophic ulcers,
and diabetic nephropathy without
increasing the risk of adverse events versus
controls.

Sulodexide may provide therapeutic
benefits to patients with diabetes,
enabling effective management and/or
prevention of diabetic complications in
clinical practice.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13526489.

INTRODUCTION

People with diabetes can suffer with a wide
range of syndromes, from acute life-threatening
conditions to long-term severe diabetic-induced
disabilities affecting the central and peripheral
circulation as well as the ocular and peripheral
nervous system [1]. It is estimated that diabetes
prevalence is increasing across the world [2, 3],
and, in spite of the currently extended and
aggressive management of hyperglycemia, so
are the associated disabilities.

Micro- and macrovascular complications of
diabetes are leading morbidities worldwide [4].
They are not only responsible for increased
mortality, mainly cardiovascular, but also for
severe disabilities, which jeopardize quality of
life, including blindness, movement limitations
(due to claudication and diabetic foot), and
renal failure requiring dialysis.

Strict control of glycemia and of blood
pressure, especially with angiotensin-convert-
ing enzyme (ACE) inhibitors or angiotensin
receptor blockers (ARBs), and intensified multi-
factorial treatment are considered a first step to
reduce the risk of complications, including
stroke [5], peripheral arterial disease (PAD) [6],
retinopathy [7], and nephropathy [8].

Since 2005, when glucagon-like peptide 1
receptor agonists (GLP-1RAs), 2006, when
dipeptidyl peptidase 4 (DPP4) inhibitors started
to be used, up to recent days with the use of
sodium–glucose cotransporter 2 (SGLT2) inhi-
bitors, the therapeutic armamentarium for the
treatment of diabetes has been considerably
enriched. These new agents have been primarily
designed to improve the glycemic control of
diabetes, but for some of them, particularly
GLP-1RAs and SGLT2 inhibitors, the clinical
effect on cardiovascular mortality and on dia-
betic nephropathy goes well beyond their effect
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on metabolic control. This suggests that these
drugs may also work on targets unrelated to
glucose metabolism to deploy their favorable
effects on diabetic complications. However, it is
not known how these new drugs affect diabetic
retinopathy, PAD, and the diabetic foot, while
concerns were raised about the risk of worsen-
ing PAD by the SGLT2 inhibitor canagliflozin
[9]. Thus, drugs effective in preventing and
treating these complications and in general
diabetic disabilities are still needed.

Since the presentation of the Steno hypoth-
esis on the pathogenesis of diabetic complica-
tions [10], the endothelial glycocalyx began
being considered a key player in the course of
diabetes and its complication [11]. The protec-
tive effect of sulodexide on the glycocalyx
[12–17] made it well suited to prevent
endothelial glycocalyx degradation or to restore
it in diabetes.

Sulodexide is a glycosaminoglycan that
comprises two fractions: fast-moving heparin
fraction (80%) that has affinity for antithrom-
bin III, plus a dermatan sulfate fraction (20%)
that has affinity for heparin cofactor II [18].
Experimental investigations showed a favorable
effect of sulodexide in diabetic rats, not only
reducing proteinuria [19, 20] but also protecting
the endothelial morphology and function
[21–23]. This could be associated with a pro-
tective and regenerating action on the glycoca-
lyx in experimental studies [24–27] and in
humans [28]. The fine mechanisms involve an
anti-inflammatory [29–31], anti-proteolytic
[32, 33], and antioxidant effect [25, 34, 35],
including interference with metabolic and non-
metabolic stress [36]. Inhibition of heparanase
[37, 38] is likely to contribute to the endothelial
protection, as well as the reduction of advanced
glycation end products-related signaling [39],
the prevention of the progression of vascular
wall stiffness [40], the inhibition of the vascular
endothelial growth factor synthesis [41], and
the favorable effects on endothelial nitric oxide
[42, 43]. Sulodexide does not target glucose
metabolism and does not affect the glycemic
control; nevertheless, a large trial performed
before the current guidelines for the manage-
ment of myocardial infarction went into effect,
which included 10% of patients with diabetes,

reported a decreased risk for the composite
of reinfarction and cardiovascular mortality
[44].

Thus, sulodexide could be one of the drugs
effective in preventing and treating diabetic
complications and in general diabetic disabili-
ties, and able to address the unmet clinical
needs of the new antidiabetic agents.

Objectives

The aim of this systematic review and the
associated meta-analyses was to gather and
summarize the available information on the
effect of sulodexide to prevent and/or manage
diabetic disabilities (i.e., the renal, ocular, and
peripheral vascular complications).

METHODS

Criteria for Considering Studies for This
Review

We included all comparative and non-compar-
ative trials assessing the efficacy of sulodexide
in patients with type 1 or type 2 diabetes, in
relation to the relevant complications affecting
the eye (diabetic retinopathy), the peripheral
circulation (lower limb ischemia with or with-
out ulcers and claudication), and the kidney
(micro- and macroalbuminuria). We excluded
studies that did not meet the above criteria as
well as studies that could not be retrieved in
extenso. We imposed no limitation to language,
journal, or date of publication.

Types of Patients

Patients included consenting men and women
over 18 years of age with any of the indicated
complications due to type 1 or type 2 diabetes;
we also included the only study performed with
sulodexide in adolescents (age 13–17 years)
with diabetic nephropathy [45].
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Types of Interventions

All studies with at least one arm that was treated
orally with sulodexide with or without a run-in
period with intramuscular/intravenous injec-
tions, at any dosage, and for any duration of
treatment were included.

Types of Outcome Measures

Studies that assessed any of the following out-
come measures were included:

1. Ocular complications: diabetic retinopathy;
macular edema

2. Vascular complications: in patients with
claudication, pain-free distance walked
and/or maximal distance walked; in
patients with trophic ulcers, proportion
healed in 2 months and/or time to com-
plete re-epithelization

3. Renal complications: changes in urinary
albumin excretion

4. Adverse events (AEs): number of patients
who reported AEs, regardless of whether
indicated as potentially correlated with the
treatment

Search Methods

The searches were conducted in the following
electronic databases: MEDLINE, EMBASE, the
Cochrane Central Register of Controlled Trials,
and the World Health Organization (WHO)
International Clinical Trials Registry Platform
Search Portal. To favor sensitivity, the search
terms were ‘‘sulodexide’’, ‘‘glycosaminoglycan
OR glucosaminoglycan’’, ‘‘diabetes’’, ‘‘clinical
study OR clinical trial’’. The reference lists of
articles retrieved by electronic searches were
also reviewed for additional citations; other
potentially relevant journals, conference pro-
ceedings, and journal supplements were hand-
searched. The electronic search included papers
published up to 31 December 2019; the com-
plete search was concluded on 29 February
2020.

Data Collection and Analysis

The authors independently assessed the eligi-
bility of studies identified by the searches; dis-
agreements were resolved by consensus.

Data Extraction and Management

One author (AAB) extracted data from the
studies; the other authors (AC for ocular com-
plications, GG for renal complications, and JM
for vascular complications) independently
checked the extracted data. Possible discrepan-
cies were reconciled by consensus. Collected
information included characteristics of study
participants, characteristics of intervention, and
control groups (where applicable), and outcome
characteristics of every group of participants.

Assessment of Risk of Bias in Included
Studies

The controlled studies were assessed indepen-
dently by each author for bias. In particular, the
risks of bias arising from the randomization
process, due to deviations from the intended
interventions, due to missing outcome data, the
risk of bias in measurement of the outcome, and
in selection of the reported results were asses-
sed. Once this information was gathered, review
authors classified each study into one of three
levels of risk of bias (low, some concerns, or
high) based on the criteria specified in the
Cochrane Handbook for Systematic Reviews of
Interventions [46], with the aid of the RoB 2 tool
[47]. Possible discrepancies were resolved by
consensus.

Measures of Treatment Effect

The effects of treatment were estimated using
the meta package [48] in R [49]. Continuous
variables were examined by meta-analysis of
continuous outcome data (metacont function);
dichotomous variables were examined by meta-
analysis of binary outcome data (metabin).
Results were reported with the relevant 95%
confidence intervals (CIs). When the change of
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continuous variables at study end was not
reported, we used the final measurements,
which in a randomized trial in theory estimates
the same quantity as the comparison of changes
from baseline; when needed, the change during
trial was calculated with the usual procedures to
estimate the mean change [50] or the mean
standardized change [51]. When data were
reported as median with interquartile range, we
estimated the mean and standard deviation as
usual [52]. All analyses were performed using
the random effects model unless specified
otherwise. Heterogeneity was estimated in each
analysis since high heterogeneity suggests tak-
ing the results with care or considering addi-
tional confounding factors.

In some cases the data was transformed to
maintain a homogenous interpretation of the
outcomes (e.g., in a study that reported the
outcome as proportion of success, the data was
transformed to proportion of failure); in studies
that reported the outcome as percentage of
baseline value with asymmetric CI, the
log(percentage of baseline value) with standard
deviation was estimated.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Results of the Search

Figure 1 provides a summary of the literature
search results and screening process. Among the
11 reports that could not be retrieved in
extenso, nine were relevant to randomized
controlled trials (RCTs) including 274 patients
treated with sulodexide [53–61], but the details
given in the abstracts were insufficient to reli-
ably estimate the outcome.

Included Studies
We identified 45 studies that could provide
information on the effect of sulodexide in the
prevention and/or management of the compli-
cations of diabetes, four on ocular complica-
tions [62–65], seven on PAD or diabetes-
associated trophic ulcers [66–72], and 34 on
diabetic nephropathy [45, 73–105]. Data were
retrieved from the original published tables or
graphs. Additional information was obtained
from the original clinical study reports for three
studies [69, 89, 97].

Overall, the studies considered in this review
included 2817 patients exposed to sulodexide;
63% were male, mean age was 56.8 years, and
85% were affected by type 2 diabetes. The ran-
domized controlled trials included 2074
patients receiving sulodexide, of whom 66%
male, mean age was 58.8 years, and 91% had
type 2 diabetes. Details on the monitored sam-
ple are reported in the supplementary material
(Supplementary Tables S1, S2, and S3).

Fig. 1 Summary of the literature search and screening
process
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Risk of Bias in Included Studies
The risk of bias was analytically estimated for
the 25 comparative studies and is reported in
the supplementary material (Supplementary
Table S4); the 20 non-comparative studies
should in principle be considered at high risk of
bias. Supplementary Table S5 and Supplemen-
tary Fig. S1 summarize the risk of bias of the
considered studies. Overall, the two main sour-
ces of concern were the randomization proce-
dures and the risk of selection of the reported
results. The first was mostly associated with the
trials using a run-in period with parenteral
administration, which were frequently open-
label trials, or with the absence of a true ran-
domization procedure. Randomization was not
necessarily associated with blinding. Blinding,
with appropriate masking when needed, was
specifically indicated in 11 studies
[64, 68–70, 75, 80, 89, 92, 97, 99, 102]. Another
13 studies were explicitly defined or implicitly
detected as open-label [63, 71, 72, 74, 90, 91,
94–96, 98, 100, 101, 104]. The risk of selection
of the reported results was due in some cases to
the open-label design, but mostly to the absence
of sufficient details on the protocol, so that it
was impossible to understand whether the data
had been analyzed in accordance with a pre-
specified analysis plan that was finalized before
unblinded outcome data were available for
analysis. Overall, 24% of studies were at low risk
of bias, 40% generated some concern for bias,
and 36% were at high risks of bias (Fig. 2).
Studies rated at low risk or with at most some

concern were classified as high quality; studies
rated at high risk were classified as low quality.

Excluded Studies
Nineteen out of the 64 studies assessed for
eligibility were excluded because they con-
tained no quantitative data that was
extractable [106–114], did not report any of the
chosen endpoints [28, 115–119], their data were
not stratified by pathology or treatment
[120, 121], data were reported without variance
[122], or control data were only historical [123].

Effects of Interventions

The effects of intervention were included into
four major groups: signs of diabetic retinopathy,
signs of PAD or of diabetes-associated trophic
ulcers, signs of diabetic nephropathy, and AEs.

We found an extreme heterogeneity in out-
come reporting. Signs of retinopathy were
monitored as change in hard exudate severity
[64], hard exudate and hemorrhage frequency
[62], incidence of intraocular hemorrhage after
panretinal laser coagulation [63], and rate of
recurrence of retinal vein thrombosis [65]. Vas-
cular complications were monitored using more
homogeneous endpoints: pain-free walking
distance [67, 69, 70] and maximal walking dis-
tance [66, 67, 69, 70] in PAD, and rate of and
time to re-epithelization for diabetes-associated
trophic ulcers [68, 71, 72].

The studies on diabetic nephropathy descri-
bed essentially the same phenomenon: change

Fig. 2 Overall evaluation of the risk of bias in the comparative studies included in the quantitative synthesis
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in albuminuria, but measured and reported
with different techniques, namely arithmetic
mean (reported or derived [52]) as micrograms
per minute or milligrams per day or milligrams
per 24 h or micrograms per milligram creatinine
[45, 73–78, 80–83, 85–88, 91, 94, 96, 98,
101–103, 105], geometric mean [79, 84, 89,
95, 100], geometric mean of percentage change
[90, 93, 104], rate of change in micrograms per
milligram per year [99], or therapeutic success
defined in different ways [92, 97]. Geometric
means, reported with the asymmetric 95% CI,
had to be logarithmically transformed to esti-
mate the symmetric standard deviation. When
outcome was reported as proportion of success,
we had to transform the result into proportion
of failure, to maintain the same direction of the
difference as for the other studies.

Signs of Diabetic Retinopathy
Ocular complications of diabetes were moni-
tored in two non-comparative and two com-
parative studies (Supplementary Table S1). Each
study examined different conditions, so that a
summary could not be compiled.

A register monitored the rate of recurrence of
retinal vein thrombosis in the first year after a
first episode, in four groups of patients non-
randomly selected, largely underpowered to
detect an effect of sulodexide [65]. The other
open study monitored the course of hard exu-
dates, retinal hemorrhages, and intraretinal
microvascular abnormalities (IRMA) in
4 months in a small cohort (30 patients). The
authors reported a significant decrease of hard
exudates, retinal hemorrhages, and IRMA in
4 months [62]. A comparative non-blinded
study examined the incidence of intraocular
hemorrhages in 4 months after panretinal laser
coagulation, incidence that was too low (less
than 10% total) to allow a meaningful com-
parison [63]. Finally, the last study, performed
according to a proper design and on a suffi-
ciently large sample of affected eyes, reported a
significant decrease of the severity of macular
hard exudates in the year of treatment with
sulodexide versus controls.

The use of sulodexide produced a decrease in
macular hard exudates in patients with mild-to-
moderate non-proliferative diabetic

retinopathy. Treated patients experienced an
odds ratio of improving which was 2.79 times
(95% CI 1.16–6.74) that of controls (p = 0.023)
[64].

Overall, there is enough evidence to consider
that the therapy with sulodexide over
4–12 months can reduce the severity of hard
exudates in non-proliferative diabetic retinopa-
thy. It is possible that sulodexide may decrease
the risk of retinal hemorrhages and IRMA in the
same patients. There is to date no evidence of
an effect on the risk of intraocular hemorrhages
after laser coagulation.

Signs of Peripheral Vascular Complications
The effect of sulodexide on the peripheral vas-
cular complications of diabetes was monitored
in two non-comparative and six comparative
trials (Supplementary Table S2), which exam-
ined PAD (five studies), diabetes-associated
trophic ulcers (two studies), and the diabetic
foot (one study).

Peripheral Arterial Disease The endpoints
monitored in the relevant studies were the
pain-free walking distance and the maximal
walking distance. Treatment was performed
with a run-in period of 2–3 weeks with one
intramuscular injection daily of 600 lipase-re-
leasing unit (LRU; except in one study), fol-
lowed by a variable period of oral treatment
with 250 or 500 LRU twice daily, for a total
observation period of 3 weeks to 6 months
(mean 22 weeks) in 119 patients. The control
arm included 64 patients given placebo
according to the double-blind design, and 12
patients monitored under the standard of care.
The procedure to measure pain-free and maxi-
mal walking distance has been standardized for
a long time, although the studies failed to
report the details of such procedures; we nev-
ertheless considered it reasonable to use the
fixed effect model. The results were normally
reported as mean change from baseline; where
reported as mean value before and after treat-
ment, we estimated the mean change with the
usual procedures [50].

Pain-Free Walking Distance The three inde-
pendent estimates of the treatment effect
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yielded an overall estimate of the increase of
pain-free walking distance of 84 m (95% CI
81–86; Fig. 3). This estimate was approximately
60% larger than the difference from the com-
parator (? 52 m; 95% CI 49–55; p\ 0.01;
Fig. 4), indicating that this variable probably
presented quite a large placebo effect.

Maximal Walking Distance The six indepen-
dent estimates of the treatment effect yielded
an overall estimate of the increase of maximal
walking distance of 316 m (95% CI 177–456;
Fig. 5). This estimate is approximately 2.4 times
as large as the difference from the comparator
(? 131 m; 95% CI 127–135; p\0.001, Fig. 6),

Fig. 3 Forest plot of overall mean from studies reporting a single mean. Sulodexide in diabetic peripheral arterial disease;
mean increase in pain-free walking distance using the inverse variance method

Fig. 4 Forest plot of comparison: Sulodexide versus controls in diabetic peripheral arterial disease; mean increase in pain-
free walking distance

Fig. 5 Forest plot of overall mean from studies reporting a single mean. Sulodexide in diabetic peripheral arterial disease;
mean increase in maximal walking distance using the inverse variance method

Adv Ther



indicating that this variable presented a large
placebo effect.

Diabetes and Trophic Ulcers The endpoints
monitored in the three relevant studies were the
proportion of healed ulcers and the time to
complete re-epithelization. Two of these studies
targeted patients with CEAP class C6 chronic
venous disease (chronic venous leg ulcers) and
type 2 diabetes. Treatment was performed with
a run-in period of 3 weeks with one intramus-
cular injection daily of 600 LRU, followed by
4–7 weeks of oral treatment with 250–500 LRU
twice daily, for a total observation period of
7.5 weeks, in 69 patients. The control arm
included six patients given placebo according to
the double-blind design, and 57 patients mon-
itored under the standard of care. One of the
considered studies was designed to evaluate the
course of ulcers in patients who also had dia-
betic foot syndrome of ischemic origin [68];
however, to avoid unnecessary clinical hetero-
geneity [124], the results reported in that study
were not considered in the meta-analyses.

Time to Ulcer Healing The two independent
estimates of the time to healing of diabetes-as-
sociated trophic ulcers indicated that subjects
treated with sulodexide healed in average
27 days earlier (95% CI 23–31; p\0.01) than
the control subjects (Fig. 7). It should be noted
that, despite the heterogeneity introduced if the
diabetic foot study being considered, the results
did not appreciably change (Supplementary
Fig. S2).

Proportion of Ulcer Healing The same studies
monitored the proportion of ulcer healing in
2 months of treatment. The patients treated
with sulodexide experienced a chance of heal-
ing (risk ratio), which was 1.8 times (95% CI
1.4–2.4) that of controls (p\0.01; Fig. 8). In
this case also, including the study on subjects
with diabetic foot did not change the results nor
did it substantially increase the heterogeneity
(Supplementary Fig. S3).

In consideration of the complexity of
chronic venous leg ulcers in subjects with dia-
betes, we wondered whether sulodexide could
have yielded different outcomes in subjects

Fig. 6 Forest plot of comparison: Sulodexide versus controls in diabetic peripheral arterial disease; mean increase in
maximal walking distance

Fig. 7 Forest plot of comparison: Sulodexide versus controls in diabetes-associated trophic ulcers; mean gain in time to
healing
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with diabetes and those without diabetes, also
in view of the outcome of a large observational
study on healing rate of ulcers treated with four-
layer bandages, where the presence of diabetes
did not significantly affect the healing rate
[124].

The results of the studies in patients with
diabetes were compared with those of four
studies monitoring the healing rate of venous
lower limb ulcers in general patients, already
reported in a meta-analysis [125]. The results
did not differ between patients with diabetes
and those without, including (Supplementary
Fig. S4) and not including (Supplementary
Fig. S5) the study performed in patients with
diabetic foot.

Signs of Diabetic Nephropathy
Studies with sulodexide in patients with signs of
diabetic nephropathy investigated the effect on
albuminuria, a surrogate outcome. They are
largely heterogeneous under different aspects:

(a) Some studies enrolled patients with type 1
or type 2 diabetes, or both types together
without splitting the relevant outcomes.

(b) Some studies enrolled patients at specific
stages of nephropathy: early (microalbu-
minuria, G1) or late (macroalbuminuria,
G2); others enrolled patients with both
levels of albuminuria without splitting the
results according to the baseline category
of albuminuria.

(c) Patients have been monitored under treat-
ment with maximal dose of ACE inhibitors
or ARBs, or with such treatment at dose
unspecified but probably not maximal, or
without such treatment, or with and with-
out ACE inhibitors/ARB treatment without

splitting the relevant outcomes, or without
specifying whether the ACE inhibitors/ARB
treatment was given.

(d) Treatments have been diversified by
administration route (intramuscular only;
intramuscular/intravenous run-in followed
by oral treatment; oral treatment only); by
dose (600 LRU/day parenterally only;
600 LRU/day followed by 500–-
2000 LRU/day, 1200 LRU/day followed by
1000 LRU/day, 500–4000 LRU/day orally
only); by duration (3 weeks to 6 months,
plus two studies over 12 months [93, 103]
and one planned to last up to 24 months
[99] but which was not concluded) as
indicated in Supplementary Table S3.

(e) Although in principle the monitored out-
come was the albumin excretion rate, it
was expressed as pre- and post-study data
in lg/min or log(lg/min), mg/24 h, mg/L,
and mg/g creatinine; as post-study data
only as percentage of baseline and log(per-
centage of baseline); as change during
study in lg/min, mg/24 h, mg/L, percent-
age of baseline; rate of change in lg/min
per year [99] and proportion of patients
reaching a pre-specified rate of albumin-to-
creatinine ratio change [92, 97].

In view of such clinical heterogeneity, we
performed all analyses relevant to this outcome
according to the random effects model. This
model, in addition, estimated the weight of the
studies considering the accuracy of measure-
ment along with the sample size, so giving some
weight also to the smaller studies that would
have had almost no weight with the fixed effect
model.

Fig. 8 Forest plot of comparison: Sulodexide versus controls in diabetes-associated trophic ulcers; healing proportion in
2 months of treatment
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To gather a first indication of a possible
effect, we analyzed the overall mean effect
from all available studies providing baseline
and final information, so that the standardized
mean change could be evaluated [51], or the
rate of change. Overall, a significant effect of
the treatment to decrease the urinary albumin
excretion could be seen: the standardized effect
size was estimated as - 1.07 with 95% CI
- 1.30 to - 0.85 (Fig. 9) with large hetero-
geneity. We then repeated the analysis
including only the comparative studies. The
result was not substantially different: sulodex-
ide exhibited an effect of - 1.28 (95% CI
- 1.67 to - 0.90; p\ 0.01; Fig. 10) with high
heterogeneity.

Treatment Effect by Study Quality The
assessment of the risk of bias in the included
studies indicated that the quality of the stud-
ies—or of the study reporting, from which we
estimated the risk of bias—was very variable,
especially because several non-comparative
studies were present that, by definition, are at
high risk of bias. We therefore examined whe-
ther the quality indicated by the risk of bias
could have significantly affected the summary
estimate of the effect. The estimate of the effect
using all available data stratified by risk of bias
classified as ‘‘high’’ or ‘‘low’’, where ‘‘low’’
included all those studies not explicitly classi-
fied high, failed to indicate a significant differ-
ence of effect (p = 0.26; Fig. 11). Similarly, the
analysis of the RCTs failed to indicate a

Fig. 9 Forest plot of overall mean from studies reporting a single mean. Sulodexide in renal complications of diabetes;
standardized mean change of urinary albumin excretion, using the inverse variance method and the random effects model
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significant impact of the risk of bias on the
estimate of the summary measure of the effect
(p = 0.93; Fig. 12).

Treatment Effect by Diabetes Type The meta-
analysis split by diabetes type (Fig. 13) con-
firmed the heterogeneity of populations,
designs, treatment schedule, and settings
already anticipated, showing a significant
heterogeneity in the overall analysis and in
each of the two subgroups (type 1 and type 2
diabetes; results from mixed-type studies were
excluded). However, the effect was statistically
significant in both type 1 (p\ 0.01) and type 2
(p\ 0.01) diabetes subgroups, as well as in the
overall analysis (p\0.01). Apparently, the
effect size was somewhat greater in patients
with type 1 diabetes (- 1.81; 95% CI - 2.84
to - 0.78) than in patients with type 2 diabetes
(- 0.99; 95% CI - 1.44 to - 0.54). However,
there was no evidence of a significant difference
(p for the subgroup difference 0.15). Further-
more, four studies in patients with type 2

diabetes showed no effect. Two of these studies
[74, 102] were performed in subjects with
normo- or low-micro albuminuria, in whom
little changes can be expected during treatment.
Two other studies [97, 99], which incidentally
exerted an appreciable weight on the overall
result, were the only ones using a different
preparation of sulodexide, which might not
have exerted the same pharmacodynamic
action as the preparation used in all the other
studies [126]. Further, both studies were per-
formed in subjects already under maximal ACE
inhibitors/ARB treatment, which might have
reduced the possibility to observe an additional
effect of sulodexide [126], especially in the
study on patients with severe albuminuria
[127], which furthermore was prematurely
interrupted. Despite these large variations in
comparison with all other studies, the overall
estimate of the effect remained significant also
in this subgroup.

Fig. 10 Forest plot of comparison: Sulodexide versus
controls in renal complications of diabetes; change in
urinary albumin excretion rate, using the random effects
model and the standardized mean difference. ‘‘Micro’’ and
‘‘macro’’ denote the results in the microalbuminuria and

macroalbuminuria subgroups, respectively, where both
subgroups were monitored and reported. Distribution of
cases by albuminuria level is reported in Supplementary
Table S3
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Treatment Effect by Level of Albumin-
uria Most studies were performed in subjects
with a pre-defined level of albuminuria or
reported the results split by such level (Fig. 14).
The effect estimated in microalbuminuria
(- 1.14; 95% CI - 1.59 to - 0.68; p\0.01) was
not different (p = 0.17 for subgroup differences)
from that estimated in macroalbuminuria
(- 1.97; 95% CI - 3.07 to - 0.86; p\0.01), but
the heterogeneity was very large in both
subgroups.

Treatment Effect by Use of ACE Inhibitors/
ARBs One of the issues raised to possibly
explain the failure of some studies to detect an
effect was that the use of sulodexide in associ-
ation with maximal ACE inhibitors/ARB dose
might not add an effect on its own, in addition
to that of the other treatments. The meta-anal-
ysis stratifying by this variable (Fig. 15) failed to
answer the question. Although there was no
evidence of a significant difference in effect by
ACE inhibitors/ARB use (p = 0.12, test for

Fig. 11 Forest plot of overall mean from studies reporting
a single mean. Sulodexide in renal complications of
diabetes; standardized mean change of urinary albumin

excretion stratified by risk of bias, using the inverse
variance method and the random effects model
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subgroup differences), nevertheless the esti-
mated effects were quite well separated, with a
smaller gain versus the controls when ACE
inhibitors/ARB were used (- 0.91; 95% CI
- 1.44 to - 0.39; p\ 0.01) than in the other
trials (- 1.53; 95% CI - 1.66 to - 0.86;
p\0.01). Furthermore, the subjects reported as
using ACE inhibitors/ARB were clearly identi-
fied, while the studies on the class defined as
‘‘no/mixed/NA’’ included subgroups clearly
identified as not using ACE inhibitors/ARB [89],
but for the most part included subjects using
and not using ACE inhibitors/ARB without
reporting the outcomes separately, or failed to
report whether ACE inhibitors/ARB were in use
or not. This issue appears to deserve additional
investigations.

Treatment Effect by Administration Sched-
ule One of the issues periodically raised about
the treatment with sulodexide concerned the
most appropriate treatment schedule. The
schedules tested in the examined trials included
different administration routes (parenteral only;
parenteral followed by oral administration; oral
administration only), different doses (ranging
from 600 LRU daily parenterally, up to
4000 LRU daily per os), and different treatment
durations (from 3 weeks to 24 months).

To date, a clear answer to the issue is not
available. The meta-analysis of outcomes strat-
ified by administration route (Fig. 16) con-
firmed a significant effect by parenteral
administration (- 1.77; 95% CI - 2.62 to
- 0.92; p\ 0.01), parenteral followed by oral

Fig. 12 Forest plot of comparison: Sulodexide versus
controls in renal complications of diabetes; change in
urinary albumin excretion rate stratified by risk of bias,
using the random effects model and the standardized mean
difference; ‘‘micro’’ and ‘‘macro’’ denote the results in the

microalbuminuria and macroalbuminuria subgroups,
respectively, where both subgroups were monitored and
reported. Distribution of cases by albuminuria level is
reported in Supplementary Table S3
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administration (- 0.89; 95% CI - 1.49 to
- 0.29; p\0.01), as well as by oral administra-
tion (- 1.25; 96% CI - 1.66 to - 0.84; p\0.01),
without evidence of differences between sub-
groups (p = 0.25). Three small studies specifi-
cally examined the effect of parenteral and oral
treatment and failed to find an appreciable dif-
ference in outcome (Fig. 17).

Unfortunately, also the meta-analysis of the
outcome stratified by dose failed to yield a clear
response on the dose–effect relationship. The
three ranges of doses used all resulted in a sig-
nificant effect (Fig. 18): - 1.40 (95% CI - 2.00
to - 0.79; p\ 0.01) for the dose of 500/600 LRU
per day; - 1.30 (95% CI - 2.03 to - 0.57;
p\0.01) for the dose of 1000/1200 LRU per
day, and - 0.91 (95% CI - 1.58 to - 0.24;
p\0.01) for the dose of 2000/4000 LRU per
day. There was no evidence of a difference

between subgroups (p = 0.56). At first glance, it
appeared that the higher doses resulted in less
important outcomes; however, also in this case
the confounding effect of using ACE inhibitors/
ARB appears to have played an important role.
Indeed, among the five studies using this dose
range, four used ACE inhibitors/ARB at maximal
dose in all patients [92, 97, 99, 101] and the last
[89] used ACE inhibitors/ARB in 52% of
patients. On the other hand, neither of the two
studies that used different doses in parallel
groups showed a definite dose–effect relation-
ship: one [89] reported a trend for a greater
effect of the higher dose but without exploring
the relationship in detail; the other [92] was
largely underpowered to detect such a
relationship.

We further examined the possible change of
effect intensity by duration of treatment, but

Fig. 13 Forest plot of comparison: Sulodexide versus
controls in renal complications of diabetes; change in
urinary albumin excretion rate, using the random effects
model and the standardized mean difference, stratified by

diabetes type; ‘‘micro’’ and ‘‘macro’’ denote the results in the
microalbuminuria and macroalbuminuria subgroups,
respectively, where both subgroups were monitored and
separately reported
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this approach also failed to detect a definite
correlation between treatment duration and
effect (Fig. 19). The point estimate of the effect
by duration showed an overall trend for greater
effect at longer duration, but this trend was not
statistically significant (p = 0.31), essentially
because of the impact of the only study at very
long duration [99]. The two studies that mea-
sured the outcome at different times indicated,
however, a significantly greater effect of the
longer treatment: - 0.41; 95% CI - 0.51 to
- 0.31; p\0.01 (Fig. 20).

Several studies monitored 434 patients for an
average of 3 months (6 weeks to 6 months) of
untreated follow-up after having concluded the
treatment with sulodexide. Urinary albumin
excretion returned to significantly higher levels
after the end of treatment (Fig. 21), in some
instances up to the pre-study level [73, 74, 84].

Overall, the analyses of the studies reporting
data on the effect of sulodexide in the man-
agement of diabetic nephropathy monitored as
urinary albumin excretion indicated that it
significantly decreased albuminuria in compar-
ison with controls, even though two large
studies failed to observe an effect. It should be
mentioned that sulodexide was also used in
other forms of nephropathy (chronic glomeru-
lonephritis [128] and prevention of transient
nephropathy by contrast media [129]), with
apparently a favorable effect.

Number of Patients with Adverse Events
Only few among the included studies reported
in detail the information on subjects with AEs,
and with a rather heterogeneous approach not
only between RCTs and non-comparative

Fig. 14 Forest plot of comparison: Sulodexide versus controls in renal complications of diabetes; change in urinary albumin
excretion rate, using the random effects model and the standardized mean difference, stratified by level of albuminuria
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studies but also within the RCTs (Supplemen-
tary Table S5).

Overall, the incidence of AEs could be esti-
mated at about 5% (95% CI 2–8%; Fig. 22), with
a great heterogeneity. The heterogeneity was
mostly due to differences between RCTs and
non-RCT studies, with the former reporting an
incidence of 9% (95% CI 5–13%) versus 1%
(95% CI 0–3%; Fig. 23). There was, however, no
evidence of a different incidence of AEs between
sulodexide and the controls in the comparative
trials: the risk ratio was 0.907 (95% CI
0.699–1.176; p = 0.46; Fig. 24).

DISCUSSION

Summary of Main Results

We examined and evaluated the existing evi-
dence on the efficacy and safety of sulodexide
used in the complications of diabetes:
retinopathy, peripheral vascular disorders, and
micro- and macroalbuminuric nephropathy.

This systematic review included 45 studies
with 2817 participants; four studies with 213
subjects were relevant to retinopathy; eight
studies with 188 subjects were performed on
peripheral vascular disorders; 34 studies with
2378 subjects with diabetes studied the effect on
nephropathy. Of these trials, 25 were RCTs.

The data retrieved on the management of
retinopathy were insufficient to draw a definite

Fig. 15 Forest plot of comparison: Sulodexide versus
controls in renal complications of diabetes; change in
urinary albumin excretion rate, using the random effects
model and the standardized mean difference, stratified by

use of ACE inhibitors/ARBs; ‘‘micro’’ and ‘‘macro’’ denote
the results in the microalbuminuria and macroalbuminuria
subgroups, respectively, where separately reported in the
same study
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conclusion, even though there is sufficient evi-
dence to consider that the therapy with
sulodexide over 4–12 months can reduce the
retinal microvascular abnormalities, hard

exudates, and hemorrhages in non-proliferative
diabetic retinopathy; regression of associated
macular edema was also observed.

Fig. 16 Forest plot of comparison: Sulodexide versus
controls in renal complications of diabetes; change in
urinary albumin excretion rate, using the random effects
model and the standardized mean difference, stratified by

administration route; ‘‘micro’’ and ‘‘macro’’ denote the
microalbuminuria and macroalbuminuria subgroups,
respectively, where separately reported in the same study

Fig. 17 Forest plot of comparison. Sulodexide in renal complications of diabetes; comparison of the mean change in urinary
albumin excretion rate by administration route, using the random effects model and the standardized mean difference
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We found instead sufficient evidence from
good quality studies that sulodexide increased
the pain-free walking distance by 52 m (95% CI
49–55 m) and the maximal walking distance by
130 m (95% CI 127–135 m) in subjects with
diabetes and peripheral angiopathy and claudi-
cation. In patients with diabetes and leg ulcers,
sulodexide accelerated the healing by 27 days
(95% CI 23–31 days); treated patients experi-
enced a risk ratio for healing within 2 months
which was 1.8 times higher (95% CI 1.4–2.4)
compared with control subjects. The favorable
effect of sulodexide on PAD is particularly
interesting since no interventional study with
the ‘‘traditional’’ and new antidiabetic drugs has

specifically addressed this condition so far. On
the contrary, concerns have been raised about
the safety of SGLT2 inhibitors in reference to
peripheral angiopathy [9]. PAD is a severe long-
term disabling complication of diabetes, pri-
mary cause of exertional pain, chronic pain,
walking limitation, limb amputation, and gan-
grene. As a consequence, PAD is an important
cause of reduced quality of life [130]. Although
few deaths are directly attributed to PAD, it is
also a potent predictor of mortality [131].

The trials on diabetic nephropathy were
numerous but heterogeneous and of mixed
quality. Overall, there was definite evidence
that sulodexide decreased the urinary albumin

Fig. 18 Forest plot of comparison: Sulodexide versus
controls in renal complications of diabetes; change in
urinary albumin excretion rate, using the random effects
model and the standardized mean difference, stratified by

prevalent daily dose; ‘‘micro’’ and ‘‘macro’’ denote the
microalbuminuria and macroalbuminuria subgroups,
respectively
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excretion rate with a standardized effect of
- 1.07 (95% CI - 1.30 to - 0.85). In compar-
ison with controls, sulodexide decreased the
urinary albumin excretion rate by a standard-
ized size of - 1.28 (95% CI - 1.67 to - 0.90).

The results were not significantly affected by
the study quality and design; the effect of
sulodexide was significantly greater than that of
controls in type 1 and type 2 diabetes; in micro-
and macro-albuminuria; with and without co-
administration of ACE inhibitors/ARBs and
regardless of dose, administration route, and
length of treatment. There is sufficient indica-
tion that the parenteral treatment in this indi-
cation has no substantial advantages over the
oral treatment [73, 86, 105, 131] and that the
effect is likely to be greater for longer treatment
duration [90, 93]. There is no strong evidence of
a dose–effect relationship over the used doses,

even though the high-dose trials yielded results
to be interpreted with care because of the
impact of inconclusive trials performed with a
different source of the raw material than all the
other trials, and in patients under maximal ACE
inhibitors/ARB dose [97, 99]. There is, however,
some indication that doses of less than
1000 LRU per day are likely to be less effective
[89]. Although the available evidence is con-
trasting, the meta-analysis of the follow-up data
indicates that the effect lasted only during the
treatment period or, at most, for a short period
after its end, whereas there is evidence that after
3 months on average after the end of treatment
the level of albuminuria increased, in some
cases to the pre-study level.

Two trials have negatively impacted on the
consideration of sulodexide as an efficacious
drug for the prevention and cure of diabetic

Fig. 19 Forest plot of comparison: Sulodexide versus controls in renal complications of diabetes; change in urinary albumin
excretion rate, using the random effects model and the standardized mean difference, stratified by treatment duration
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nephropathy [97, 99]. Although their design
and methodology were rigorous, a number of
concerns were raised on the decision to suspend
them after an ad interim analysis for lack of
results [126, 127]. However, two recent Bayesian
meta-analyses have put the results of those two
trials in a better light. In fact, the early treat-
ment effects of sulodexide on albuminuria at 6
or 12 months and on glomerular filtration rate
(GFR) slope over 3 years, a surrogate end point
for kidney disease progression, were on the
same regression lines of association of treat-
ment effect with clinical endpoints [132, 133].
The treatment with sulodexide appears, there-
fore, likely to result in a substantially decreased
risk of end-stage kidney disease (ESKD).

Safety was examined via the number of
patients reporting AEs. As usual, there was a
significant difference in proportion of patients
reporting adverse events between RCTs and
non-comparative studies. The proportion of
patients with AEs was not different between
sulodexide and controls and could be estimated
at approximately 10% (95% CI 5–13%).

Overall Completeness and Applicability
of Evidence

Several limitations were identified in the inclu-
ded studies, some of which have already been
mentioned. Most studies in nephropathy failed
to properly classify the examined subjects or, if

Fig. 21 Forest plot of comparison. Sulodexide in renal
complications of diabetes; direct comparison of the mean
change in urinary albumin excretion rate during the untreated
follow-up period, using the random effects model and

standardized mean difference. ‘‘Experimental’’ denotes the end
of the untreated follow-up period; ‘‘Control’’ denotes the end of
the treatment period

Fig. 20 Forest plot of comparison. Sulodexide in renal complications of diabetes; direct comparison of the mean change in
urinary albumin excretion rate by duration of treatment, using the random effects model
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classified, the results were not split by class. This
was particularly relevant to the classifications
by diabetes type, by degree of nephropathy as
indicated by the level of albuminuria, by use
and dosage of ACE inhibitors/ARB, which
appeared to be one of the major confounders in
the studies on diabetic nephropathy. Further,
dose, administration route, and duration of
treatment were not standardized across studies,
introducing an additional level of confounding
that could only be partially corrected by strati-
fied analysis. On the other hand, the wide dis-
tribution of the studies across countries and
healthcare systems favors the general applica-
bility of the evidence.

Potential Biases in the Review Process

We tried to reduce to a minimum the potential
biases but could not avoid some intrinsic prob-
lems. In the first instance, our database inclu-
ded all studies for which we could find enough
reliable data to estimate the intended outcome,
but this left out an additional 10% of subjects
who might have provided useful information.

We also evaluated with care the risk of bias in
the considered studies and performed an anal-
ysis of the impact of the level of risk on the
estimate of the effect, without finding a signif-
icant impact. We could not, however, avoid a
potential bias due to the need to perform
transformations on the data, owing to the
extreme heterogeneity of measures used in the
different studies. These differences resulted in a
relatively higher consistency within studies
than between studies, producing the high
heterogeneity observed. We did not apply cor-
rections by level of glycemia and hypertension,
both factors impacting on the complications of
diabetes, since most studies reported that
patients were included when stabilized for these
two factors but the true extent of stabilization
was not homogeneous across studies. Several
studies reported data on hematology and blood
chemistry that we decided not to analyze
because the simple average failed to indicate
whether AEs occurred. We also decided not to
analyze the course of blood pressure, since it
was already examined elsewhere [134].

An additional source of heterogeneity was
the temporal window of the studies—more than

Fig. 22 Forest plot of comparison. Sulodexide in the
complications of diabetes; incidence of adverse events,
computed with the inverse variance method on the

Freeman–Tukey transformation and the random effects
model. The confidence interval for individual studies was
estimated using the Clopper–Pearson method
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Fig. 23 Forest plot of comparison. Sulodexide in the
complications of diabetes; incidence of adverse events
stratified by type of trial, computed with the inverse
variance method on the Freeman–Tukey transformation

and the random effects model. The confidence interval for
individual studies was estimated using the Clopper–Pear-
son method

Fig. 24 Forest plot of comparison: Sulodexide versus controls in the complications of diabetes; difference in the incidence
of subjects with adverse events, using the random effects model and the Mantel–Haenszel method
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two decades with the attending changes in
therapeutic approach to these patients—and the
variability of healthcare system. However, we
decided not to apply adjustments by date and/
or healthcare system since these could have
introduced an even larger bias.

Agreements and Disagreements
with Other Studies or Reviews

The conclusions of this review do not substan-
tially differ from those already published on
sulodexide concerning the effect on chronic
venous disease [17, 125, 135] and renal com-
plications of diabetes [112, 136, 137]. In com-
parison with these last reviews, our review
investigated the results in more depth, included
more studies, and examined the effect of dif-
ferent dosages, different administration sched-
ules, and routes, as well as the duration of the
hypoalbuminuric effect and whether the effect
was different in patients with type 1 or type 2
diabetes.

To our knowledge, no systematic review on
the effects of sulodexide on diabetic peripheral
angiopathy and on diabetic retinopathy has
been published to date.

CONCLUSIONS

Implications for Practice

Sulodexide was shown to be an effective treat-
ment for the management of peripheral vascu-
lar complications in subjects with diabetes,
because it increased the walking capacity and
accelerated the healing of lower limb ulcers.
Although there is some evidence supporting its
utility in the diabetic foot, the available infor-
mation is insufficient to draw a conclusion.
Sulodexide was a useful treatment for patients
with type 1 and type 2 diabetes and various
degrees of nephropathy, because it reduced the
urinary albumin excretion. It remains to be seen
whether this effect changes with the degree of
nephropathy and with the use of ACE inhibi-
tors/ARBs and, if so, whether the effect is
modulated by the dose of ACE inhibitors/ARB.

It also remains to be seen if and for how long
the effect persists after the end of treatment.
Although there is some evidence supporting the
utility of sulodexide in diabetic retinopathy,
further investigations are needed to attain
conclusive evidence.

Implications for Research

To date, approaches to prevent the complica-
tions of diabetes are strict glycemic control and
strict control of arterial hypertension. In case of
renal involvement, inhibitors of the ACE or
angiotensin II receptor blockers at maximal
dose both in type 1 and type 2 diabetes, and
SGLT2 inhibitors in type 2 diabetes, have been
found useful to decrease the risk of ESKD. In
secondary prevention of cardiovascular mor-
bidities in patients with type 2 diabetes, GLP-
1RAs are certainly effective. However, there are
still too many deaths and cardiovascular and
ESKD events in patients with diabetes. Thus,
there is room enough to add further effective
treatments.

An interesting line of research would be the
investigation of whether sulodexide really
exerts a greater renal effect on type 1 diabetes
than in type 2 diabetes. This hypothesis, elicited
by the meta-analysis reported above, could be
justified considering that in type 1 diabetes the
nephropathy is essentially due to the diabetes
only, whereas in type 2 diabetes it may often be
heterogeneous in etiology, and therefore less
susceptible to the effect of sulodexide. This
would also be important considering that the
therapeutic armamentarium for type 1 diabetes
has not received any new-entry agent, with the
recent breakthroughs, GLP-1RAs and SGLT2
inhibitors, being employed only in patients
with type 2 diabetes.

Another point that might be investigated
more deeply, subject to the cooperation of the
investigators who performed the studies on
sulodexide, would be an individual-patient
meta-analysis, to examine in more homoge-
neous subgroups the most effective treatment
regimen to be recommended.

In conclusion, further research should
investigate which treatment, and to what
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extent, can help in preventing or managing the
many complications of diabetes under real-life
conditions, using all the available means to
limit the burden of a disease that is becoming
one of the main long-term risk factors for the
general population.
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disclose.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.

Data Availability. All data analyzed in this
article are present in the original papers men-
tioned and are shown in the figures as original
or derived data.

Open Access. This article is licensed under a
Creative Commons Attribution-

NonCommercial 4.0 International License,
which permits any non-commercial use, shar-
ing, adaptation, distribution and reproduction
in any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were
made. The images or other third party material
in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view
a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. DeFronzo RA, Ferrannini E, Zimmet P, Alberti
KGMM. International textbook of diabetes mellitus.
4th ed. Hoboken: Wiley-Blackwell; 2015.

2. NCD Risk Factor Collaboration (NCD-RisC).
Worldwide trends in diabetes since 1980: a pooled
analysis of 751 population-based studies with 4.4
million participants. Lancet. 2016;387(10027):
1513–30. https://doi.org/10.1016/S0140-
6736(16)00618-8.

3. International Diabetes Federation. IDF Diabetes
Atlas, 8th edition 2017. http://www.diabetesatlas.
org. Accessed 9 Apr 2020.

4. GBD 2017 Disease and Injury Incidence and Preva-
lence Collaborators. Global, regional, and national
incidence, prevalence, and years lived with disabil-
ity for 354 diseases and injuries for 195 countries
and territories, 1990-2017: a systematic analysis for
the Global Burden of Disease Study 2017. Lancet.
2018;392(10159):1789–858. https://doi.org/10.
1016/S0140-6736(18)32279-7.

5. Hewitt J, Castilla Guerra L, Fernández-Moreno MC,
Sierra C. Diabetes and stroke prevention: a review.
Stroke Res Treat. 2012;2012:673187. https://doi.
org/10.1155/2012/673187.

6. Thiruvoipati T, Kielhorn CE, Armstrong EJ. Periph-
eral artery disease in patients with diabetes: epi-
demiology, mechanisms, and outcomes. World J

Adv Ther

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/S0140-6736(16)00618-8
https://doi.org/10.1016/S0140-6736(16)00618-8
http://www.diabetesatlas.org
http://www.diabetesatlas.org
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1155/2012/673187
https://doi.org/10.1155/2012/673187


Diabetes. 2015;6(7):961–9. https://doi.org/10.4239/
wjd.v6.i7.961.

7. Zoungas S, Arima H, Gerstein HC, et al. Effects of
intensive glucose control on microvascular out-
comes in patients with type 2 diabetes: a meta-
analysis of individual participant data from ran-
domised controlled trials. Lancet Diabetes Endocri-
nol. 2017;5(6):431–7. https://doi.org/10.1016/
S2213-8587(17)30104-3.

8. Gaede P, Lund-Andersen H, Parving HH, Pedersen
O. Effect of a multifactorial intervention on mor-
tality in type 2 diabetes. N Engl J Med. 2008;358(6):
580–91. https://doi.org/10.1056/NEJMoa0706245.

9. Neal B, Perkovic V, Mahaffey KW, et al. Canagli-
flozin and cardiovascular and renal events in type 2
diabetes. N Engl J Med. 2017;377(7):644–57. https://
doi.org/10.1056/NEJMoa1611925.

10. Deckert T, Feldt-Rasmussen B, Borch-Johnsen K,
Jensen T, Kofoed-Enevoldsen A. Albuminuria
reflects widespread vascular damage. The Steno
hypothesis. Diabetologia. 1989;32(4):219–26.
https://doi.org/10.1007/BF00285287.
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effect of glycosaminoglycan sulodexide on oxida-
tive stress and fibrinolysis in diabetes mellitus. Sb
Lek. 1998;99(2):103–9.

85. Zalevskaia AG, Astamirova KhS, Karpova IA, Popova
SG. A trial of the use of the low-molecular heparin
sulodexide in the therapy of diabetic nephropathy.
Ter Arkh. 1998;70(3):71–4.

86. Oksa A, Pontuch P, Kratochvilova H. The effect of
glycosaminoglycan sulodexide on albuminuria in
patients with diabetes mellitus. Bratisl Lek Listy.
1999;100(9):486–9.

87. Sun M, Tian L. Clinical study on type II diabetic
nephropathy treated with sulodexide. Chi J Chin
New Drugs J. 1999;8:408–10.

88. Lichiardopol R, Ionescu-Tirgoviste C, Serban V,
Dumitrescu C, Mota M, Ghise G. The effect of
sulodexide on albuminuria in a group of patients
with diabetes. Rom J Diabetes Nutr Metab Dis.
2001;2:28–31.

89. Gambaro G, Kinalska I, Oksa A, et al. Oral
sulodexide reduces albuminuria in microalbumin-
uric and macroalbuminuric type 1 and type 2 dia-
betic patients: the Di.N.A.S. randomized trial. J Am
Soc Nephrol. 2002;13(6):1615–25. https://doi.org/
10.1097/01.asn.0000014254.87188.e5.

90. Achour A, Kacem M, Dibej K, Skhiri H, Bouraoui S,
El May M. One year course of oral sulodexide in the
management of diabetic nephropathy. J Nephrol.
2005;18(5):568–74.

91. Sulikowska B, Olejniczak H, Muszynska M, et al.
Effect of sulodexide on albuminuria, NAG excretion
and glomerular filtration response to dopamine in
diabetic patients. Am J Nephrol. 2006;26(6):621–8.
https://doi.org/10.1159/000098195.

92. Heerspink HL, Greene T, Lewis JB, et al. Effects of
sulodexide in patients with type 2 diabetes and

Adv Ther

https://doi.org/10.1093/ndt/12.11.2295
https://doi.org/10.1093/ndt/12.11.2295
https://doi.org/10.1016/s0168-8227(97)00096-x
https://doi.org/10.1016/s0168-8227(97)00096-x
https://doi.org/10.1016/s0168-8227(97)00076-4
https://doi.org/10.1016/s0168-8227(97)00076-4
https://doi.org/10.2337/diacare.20.5.819
https://doi.org/10.1177/030006059702500204
https://doi.org/10.1177/030006059702500204
https://doi.org/10.1185/03007999709113327
https://doi.org/10.1185/03007999709113327
https://doi.org/10.1097/01.asn.0000014254.87188.e5
https://doi.org/10.1097/01.asn.0000014254.87188.e5
https://doi.org/10.1159/000098195


persistent albuminuria. Nephrol Dial Transplant.
2008;23(6):1946–54. https://doi.org/10.1093/ndt/
gfm893.

93. Blouza S, Dakhli S, Abid H, et al. Efficacy of low-dose
oral sulodexide in the management of diabetic
nephropathy. J Nephrol. 2010;23(4):415–24.

94. Mao L, Zhong X. Effect of sulodexide combined
with benazepril on urinary albumin in patients with
type 2 diabetes. Chin Mod Med. 2010;17:68–9.

95. Jian R, Jie S, Can H. Effect of sulodexide on
microalbuminuria of the third stage of type 2 dia-
betic nephropathy. Mod Med J Chin. 2010;11:20.

96. Wang H. Effect of sulodexide in diabetic
nephropathy. Prac J Med Pharm. 2010;27:315–6.

97. Lewis EJ, Lewis JB, Greene T, et al. Sulodexide for
kidney protection in type 2 diabetes patients with
microalbuminuria: a randomized controlled trial.
Am J Kidney Dis. 2011;58(5):729–36. https://doi.
org/10.1053/j.ajkd.2011.06.020.

98. He X, Ge Z. Curative effect of sulodexide in diabetic
nephropathy patients. Clin Foc. 2012;27:1626–7.

99. Packham DK, Wolfe R, Reutens AT, et al. Sulodexide
fails to demonstrate renoprotection in overt type 2
diabetic nephropathy. J AmSocNephrol. 2012;23(1):
123–30. https://doi.org/10.1681/ASN.2011040378.

100. Kang Z. Study on effect of sulodexide in treatment
of diabetic nephropathy stage III. Guide Chin Med.
2013;11:25–8.

101. Xiong Y. Treatment of sulodexide on albuminuria
in early diabetic nephropathy. J Jianghan Univ (Nat
Sci Ed). 2014;42(3):90–2.

102. Satirapoj B, Kaewput W, Supasyndh O, Ruangkan-
chanasetr P. Effect of sulodexide on urinary
biomarkers of kidney injury in normoalbuminuric
type 2 diabetes: a randomized controlled trial. J Di-
abetes Res. 2015;2015:172038. https://doi.org/10.
1155/2015/172038.
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