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Abstract: Psoriasis predisposes to cardiovascular dysfunction. We investigated whether glycocalyx
dietary supplement (GDS), which contains glycosaminoglycans and fucoidan, improves endothelial
glycocalyx and arterial stiffness in psoriatic patients. Fifty participants with psoriasis under biological
agents were randomly assigned to GDS (n = 25) or placebo (n = 25) for 4 months. We measured
at baseline and at follow-up: (a) perfused boundary region (PBR) of the sublingual microvessels
(range 4 to 25 µm), a marker of endothelium glycocalyx integrity; (b) carotid–femoral pulse wave
velocity (PWV-Complior SP-ALAM) and augmentation index (AIx), markers of arterial stiffness and
(c) psoriasis area and severity index (PASI) score. Both groups displayed a similar decrease in PASI at
four months (p < 0.05), and no significant differences were found between groups (p > 0.05). Com-
pared to the placebo, participants in the GDS showed a greater percentage reduction in PBR4–25 µm
(−9.95% vs. −0.87%), PBR 4–9 µm (−6.50% vs. −0.82%), PBR10–19 µm (−5.12% vs. −1.60%),
PBR 20–25 µm (−14.9% vs. −0.31%), PWV (−15.27% vs. −4.04%) and AIx (−35.57% vs. −21.85%)
(p < 0.05). In the GDS group, the percentage reduction in PBR 4–25 µm was associated with the
corresponding decrease in PWV (r = 0.411, p = 0.015) and AIx (r = 0.481, p = 0.010) at follow-up.
Four-month treatment with GDS improves glycocalyx integrity and arterial stiffness in patients with
psoriasis. Clinical trial Identifier: NCT05184699.

Keywords: glycocalyx; arterial stiffness; pulse wave velocity; augmentation index; fucoidan; glycocalyx
dietary supplement; psoriasis

1. Introduction

Psoriasis constitutes a chronic autoimmune disease of the skin yielding increased
rates of atherosclerosis, microvascular dysfunction, and impairment of aortic stiffness [1].
Psoriatic patients pose higher cardiovascular risk, as psoriasis shares many pathways
with atherosclerosis, including increased oxidative stress burden and inflammation [2,3].
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Therefore, psoriasis has been considered as an independent risk factor for cardiovascular
events [4–7].

Endothelial glycocalyx is a structure composed of sulfated proteoglycans, glycopro-
teins, and glycosaminoglycans that line the luminal side of vascular endothelial cells. It
possesses a key role in regulating vascular permeability by preventing leukocytes and
platelets from adhering to the endothelium [8,9]. Inflammatory conditions and elevated
oxidative stress are associated with glycocalyx degradation, which in turn leads to en-
dothelial dysfunction [10,11]. The degradation of the glycocalyx is speculated to initiate
early atherogenic processes and serves as a predictor of adverse cardiovascular outcomes,
even in individuals without established cardiac disease [12]. Also, arterial stiffness, which
reflects the elastic properties of the aortic wall, is an independent predictor for cardiovascu-
lar events [13]. Arterial stiffness has been shown to be affected in chronic inflammatory
states, such as in rheumatoid arthritis, systemic lupus erythematous, inflammatory bowel
disease [14,15].

Glycocalyx dietary supplement (GDS) constitutes a novel supplement utilized for
preservation of the endothelial glycocalyx layer, which aims to improve overall cardiovas-
cular health, enhance blood flow, and reduce the risk of vascular-related conditions [16].
The supplement combines three complementary and synergistic working mechanisms
to support the endothelial glycocalyx integrity by supplying sulfated polysaccharides,
antioxidant enzymes, and additional substrates for glycocalyx synthesis [17]. Nonetheless,
to our knowledge, the effect of GDS on glycocalyx thickness and aortic stiffness in patients
with psoriasis, when added to standard treatment with biological agents, has not been
elaborated yet.

In view of the former considerations, we aimed to address, prospectively in a case–
control study, the effect of GDS on vasculature during a 4-month follow-up period in
psoriatic patients commencing biological agents. In particular, we studied whether GDS
administration could ameliorate glycocalyx integrity to determine its effect on microvas-
culature and also endeavored to investigate the impact of GDS on arterial stiffness to
determine its effect on the macrovasculature.

2. Materials and Methods
2.1. Study Population

We conducted a double-blinded, randomized, placebo-controlled trial to determine the
impact of GDS on vascular function and endothelial integrity (Clinical trial.gov Identifier:
NCT05184699). Seventy-six psoriatic patients, who were referred to the outpatient clinic
of the Dermatology and Venereology Department of Attikon University Hospital, Athens,
Greece, were assessed for eligibility by the attending dermatologists. Recruitment occurred
from April 2022 to April 2024. Eligible participants were adult patients aged 18 to 75 years
old with moderate-to-severe plaque-type psoriasis, who had been commenced on the
interleukin (IL)-17A inhibitor secukinumab, the tumor necrosis factor (TNF) inhibitor
adalimumab, or the IL23 inhibitor guselkumab within the last 2 months prior to enrollment
in the study. Exclusion criteria included pregnancy or breastfeeding, history of coronary
artery disease (CAD), moderate or severe valve disease, treatment with biologic agents
for more than 2 months, chronic kidney disease (CKD; estimated glomerular filtration
rate [eGFR] ≤ 60 mL/min/1.73 m2), severe liver disease, and a history of malignancy.
Provided that biological agents show beneficial effects on vascular function in as little as
4 months of treatment [1], we decided to exclude patients receiving biological agents more
than 2 months before inclusion in the study. Thus, we aimed to secure homogeneity in our
sample regarding treatment. Out of the 76 patients, 20 patients were not eligible for the
study due to the prevalence of CAD (n = 5), heart failure (n = 3), treatment with biological
agents for longer than 2 months (n = 6), and unwillingness to participate in the study (n = 6).
Therefore, 56 patients were randomly assigned in the study and received the GDS (n = 28)
or placebo (n = 28). The participants received 2 capsules at 8:00 am and 2 capsules at
6:00 pm daily either of the GDS (each serving contains 2556 mg of the blend) or the placebo.
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The attending dermatologist (E.P.) performed the randomization using a random number
table generated by the dedicated online randomization program GraphPad Prism Version
9.3.1 (Dotmatics, Boston, MA, USA) [18], which was accessed on 15 April 2022). Both the
patients and the clinicians prescribing the treatment were blinded to the endothelial and
vascular function examination results. The follow-up period was set at 4 months. In all
participants, we examined endothelial and vascular function at baseline and 4 months
after the commencement of the GDS or placebo. The severity of psoriasis was estimated
using the psoriasis area and severity index (PASI) score, as indicated [19]. Briefly, the PASI
score measures the severity and extent of psoriasis. This index combines the severity of
lesions and the area affected into a single score ranging from 0 (no disease) to 72 (maximal
disease). Scores below 5 are considered as mild disease, 5–10 as moderate disease, and
above 10 as severe disease. Therefore, the PASI score was calculated at both baseline and
after treatment to assess its effectiveness. Six participants were lost at follow-up: three from
the GDS group and three from the placebo group. None of the participants that were lost
at follow-up (n = 6) presented at their scheduled appointment in the outpatient psoriasis
clinic and could not be reached via telephone. Hence, 50 participants were finally entailed
in the statistical analysis and reported in the study results, 25 in the GDS group and 25 in
the placebo group. Figure 1 portrays a comprehensive flowchart of the study progress.
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2.2. Primary and Secondary Endpoints

The primary outcome of the study was to assess the changes in endothelial glycocalyx
integrity and arterial stiffness after 4 months of treatment with GDS compared to the
placebo. Secondary outcomes were the comparisons of disease severity between the two
study arms at 4-month follow-up.

2.3. Composition of the Dietary Supplements

The brand name of the GDS is Endocalyx-Pro. The Endocalyx-Pro supplement is
produced and distributed by Microvascular Health Solutions (Alpine, UT, USA). It is a
blend (2556 mg per serving of 4 capsules) containing the following: Fucoidan (106.25 mg)
extracted from the brown algae species Laminaria japonica, Hyaluronan or hyaluronic
acid (17.5 mg); the OxxyneaOMD-MVHS Blend SOD (120 mg) composed of superoxide
dismutase (SOD) and polyphenolic enzymes derived from olive, grape, and artichoke;
glucosamine sulfate (375 mg), which is obtained from corn; silicon dioxide (2 mg); and
microcrystalline cellulose (130 mg).

The placebo capsule mimics the Endocalyx-Pro supplement capsules. It contains
10 mg of the four ingredients Nu-MAG Natural (provided by Ribus (Sparks, NV, USA),
IFC Solutions (Linden, NJ, USA), which is composed of rice extract, rice hulls, gum Arabic
and sunflower oil. Also, the placebo contains rice flour white (830 mg) and magnesium
stearate (10 mg).

At follow-up, no adverse effects were reported regarding the use of Endocalyx-Pro or
the placebo.

2.4. Imaging of Microcirculation

We evaluated the perfused boundary region (PBR, µm) of the sublingual microvascula-
ture utilizing a sidestream darkfield (SDF) camera (Microscan, GlycoCheck, Microvascular
Health Solutions Inc., Salt Lake City, UT, USA) with a diameter range of 4 to 25 µm. Briefly,
the SDF camera implements a green reflected light-emitting diode (LED) light (540 nm) to
depict the hemoglobin in red blood cells (RBCs) [12]. The camera is placed under the tongue
and captures over 3000 microvessel segments [20]. The valid captured images (those with
good focus, good contrast, and a minimal level of tissue motion) are saved and analyzed
using GlycoCheck software version 5.3.3 [20]. The median RBC column width and the total
perfused diameter of the microvessels are assessed using the software. PBR is estimated
using the following formula: (perfused diameter − median RBC column width)/2 [20].
Afterwards, the software calculates the PBR of the microvessels with diameter ranging from
4 to 9 µm, 10 to 19 µm, and 20 to 25 µm [20]. A high PBR implies that RBCs penetrate more
deeply into the endothelial surface, which represents a compromised glycocalyx layer with
affected barrier properties and vice versa [20] (Supplementary Materials). The measure-
ment takes approximately three minutes to complete. The reported variabilities for PBR
calculation of the same and between different observers are 4.3% and 5.2%, respectively [21].
Of note, PBR evaluation is independent of hematocrit, as the software encompasses solely
vessel segments with red blood cells filling a percentage of more than 50% [20,21].

2.5. Arterial Stiffness

The carotid–femoral pulse wave velocity (PWV) is regarded as the gold standard for
measuring arterial stiffness [22]. According to the European Society of Hypertension (ESH)
guidelines for managing arterial hypertension, PWV values over 10 m/s in hypertensive
individuals suggest increased arterial stiffness with altered properties of the aortic wall,
which indicates altered wall properties [23,24]. To calculate PWV, we employed the direct
method to measure the distance between the carotid and femoral artery using the Com-
plior device (Alam Medical, Vincennes, France). Then, we implemented the appropriate
corrections by multiplying the default PWV values with 0.8 [22].

The augmentation index (AIx, %) was measured using an arm cuff with oscillometry,
as previously published. During systole, the blood volume ejected into the aorta creates an
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initial pulse wave (early systolic peak, P1). This pulse wave travels down the aorta, reflects
at the bifurcation, and forms a second wave (late systolic peak, P2). Both the early and
late systolic peaks were recorded as pulse waves on the computer. AIx (%) was calculated
using the formula [(P2 − P1)/pulse pressure (PP)] × 100 [25].

2.6. Statistical Analysis

Statistical analysis was conducted using SPSS version 29 (IBM SPSS Statistics, Inc.,
Chicago, IL, USA). All scale variables were presented as mean ± SD in case of normal
distribution. The Kolmogorov–Smirnov and Shapiro–Wilk normality tests were applied
to determine the distribution. When normality criteria were not met, we transformed
the variables into ranks. Categorical variables were presented as absolute and relative
frequencies. We conducted Spearman or Pearson correlation tests, as appropriate, for
correlation analysis. Nominal variables were examined using either Chi-square tests or
Fisher’s exact tests, as appropriate. All the analyses were conducted with the intention
to treat. Analysis of variance (ANOVA) for repeated measurements was implemented
for (1) comparisons of the markers of vascular function, endothelial integrity, and disease
severity as well (2) the effects of the type of intervention, as a between-subject factor
(the 2 intervention arms consisted of the GDS group and the placebo group). The F and
corresponding p values for the change in the markers at follow-up measurement were
estimated. Also, the F and p values for the effect between time of measurement and the
intervention arms were calculated. When Mauchly’s test indicated that the sphericity
assumption was not satisfied, corrections such as Greenhouse–Geisser, Huynh–Feldt, or
lower bound correction were applied. All statistical tests were conducted as two-tailed,
with a p-value of less than 0.05 deemed statistically significant.

3. Results

The population characteristics are provided in Table 1. Briefly, the mean age of the
population was 54.5 ± 8.8 years, and 22/50 (44%) were females. Additionally, the mean
PASI score was 13 ± 3.8, indicating that all participants had moderate-to-severe disease,
and the mean duration of psoriasis was 16.3 ± 10 years. Of note, approximately 17/50 (34%)
were suffering from hypertension and 16/50 (32%) from dyslipidemia, and 23/50 (46%)
were current smokers at inclusion. Also, 19/50 (38%) participants were receiving IL-17
inhibitors, 15/50 (30%) TNF inhibitors, and 16/50 (32%) IL-23 inhibitors. Comparisons
of the baseline characteristics between the two groups were non-significant (p > 0.05).
At baseline, increased PASI was associated with elevated PBR4–25 (r = 0.347) and PWV
(r = 0.311) in all patients (p < 0.05 for all comparisons).

Table 1. Baseline characteristics of the study population.

All Participants
(N = 50)

GDS
(N = 25)

Placebo
(N = 25) p-Value

Age (years) 54.5 ± 8.8 53.4 ± 9 55.6 ± 8.8 0.481

Sex (male/female) 28/22 13/12 15/10 0.777

PASI score 13 ± 3.8 12.8 ± 3.6 13.2 ± 3.9 0.512

Disease duration (years) 16.3 ± 10 17.3 ± 10.9 15.3 ± 9.2 0.368

Risk factors, n (%)

Current smoking 23 (46) 13 (52) 10 (40) 0.394

Diabetes mellitus 9 (18) 4 (16) 5 (20) 0.712

Dyslipidemia 16 (32) 10 (40) 6 (24) 0.225

Family history of CAD 10 (20) 4 (16) 6 (24) 0.479

Hypertension 17 (34) 7 (28) 10 (40) 0.370
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Table 1. Cont.

All Participants
(N = 50)

GDS
(N = 25)

Placebo
(N = 25) p-Value

Medications, n (%)

ACEi/ARBs 15 (30) 6 (24) 9 (36) 0.354

Antidiabetic agents 9 (18) 4 (16) 5 (20) 0.712

Beta blockers 5 (10) 2 (8) 3 (12) 0.637

CCBs 10 (20) 3 (12) 7 (28) 0.157

Diuretics 11 (22) 3 (12) 8 (32) 0.090

Statins 16 (32) 10 (40) 6 (24) 0.225

Biological agents 0.369

• IL-17 inhibitors 19 (38) 10 (40) 9 (36)

• IL-23 inhibitors 16 (32) 7 (28) 9 (36)

• TNF inhibitors 15 (30) 8 (32) 7 (28)

SBP (mm Hg) 134.3 ± 18.9 131.1 ± 16.4 137.5 ± 20.3 0.272

DBP (mm Hg) 81.4 ± 11.9 79.8 ± 7.9 83.1 ± 10.2 0.207

HbA1C (%) 6.6 ± 0.9 6.8 ± 1 6.4 ± 0.8 0.130

Total cholesterol (mg/dL) 196.5 ± 40.9 203.1 ± 38 190.5 ± 42.2 0.273

LDL-C (mg/dL) 129.3 ± 32.9 134.1 ± 29.5 125.5 ± 35.1 0.353

HDL-C (mg/dL) 47.1 ± 16.7 48.4 ± 15.9 46.5 ± 17.4 0.688

Triglycerides (mg/dL) 101.4 ± 13.8 104 ± 11.9 98.2 ± 15.7 0.106

Data are presented as absolute frequencies (relative frequencies), mean ± SD, or median (first quartile to third
quartile). Scale variables were compared using Student’s t-test. Binary variables were compared using the χ2

test. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, coronary artery
disease; CCB, calcium channel blocker; DBP, diastolic blood pressure; GDS, glycocalyx dietary supplement;
HbA1c, glycosylated hemoglobin; HDL-C, high-density lipoprotein cholesterol; IL, interleukin; SBP; systolic
blood pressure, PASI, psoriasis area severity index; TNF, tumor necrosis factor.

3.1. Control of Psoriasis after the 4-Month Intervention

Baseline PASI did not differ between the two groups (p > 0.05). At 4-month follow-up,
all participants achieved a significant reduction in PASI at 4 months from 13 ± 3.8 to
2.2 ± 0.8, which indicates mild disease (F = 35.30; p < 0.001). No significant differences
were recorded between the two groups regarding PASI at follow-up (for the GDS group:
84.61%; 95% CI: −87.32% to −82.13. For the placebo group; 95% CI: −87.32% (p > 0.05))
(Table 2).

Table 2. Changes in glycocalyx thickness and arterial stiffness at 4 months.

All Participants
(n = 50)

GDS
(n = 25)

Placebo
(n = 25)

PBR4–25 (µm)

Baseline 2.30 ± 0.22 2.31 ± 0.20 2.29 ± 0.25

4 months 2.17 ± 0.26 †† 2.08 ± 0.31 ††,** 2.27 ± 0.23

∆% −5.65 −9.95 −0.87

PBR4–9 (µm)

Baseline 1.23 ± 0.26 1.23 ± 0.30 1.22 ± 0.23

4 months 1.18 ± 0.21 † 1.15 ± 0.18 ††,* 1.21 ± 0.24

∆% −4.06 −6.50 −0.82



Nutrients 2024, 16, 2572 7 of 12

Table 2. Cont.

All Participants
(n = 50)

GDS
(n = 25)

Placebo
(n = 25)

PBR10–19 (µm)

Baseline 2.52 ± 0.28 2.54 ± 0.26 2.50 ± 0.31

4 months 2.43 ± 0.31 †† 2.41 ± 0.35 ††,* 2.46 ± 0.27

∆% −3.57 −5.12 −1.60

12 mo

PBR20–25 (µm)

Baseline 3.15 ± 0.34 3.15 ± 0.34 3.15 ± 0.33

4 months 2.91 ± 0.29 ††† 2.68 ± 0.30 †††,*** 3.14 ± 0.29

∆% −7.62 −14.9 −0.31

PWV (m/s)

Baseline 10.40 ± 2.14 10.41 ± 2.11 10.39 ± 2.24

4 months 9.39 ± 2.23 †† 8.82 ± 2.29 ††,** 9.97 ± 2.17 †

∆% −9.71 −15.27 −4.04

AIx (%)

Baseline 12 ± 4.12 11.92 ± 4.08 12.08 ± 4.16

4 months 8.56 ± 3.23 †† 7.68 ± 3.12 ††,* 9.44 ± 3.34 †

∆% −28.66 −35.57 −21.85

PASI score

Baseline 13 ± 3.8 12.8 ± 3.6 13.2 ± 3.9

4 months 2.2 ± 0.8 ††† 2 ± 0.6 ††† 2.4 ± 1 †††

∆% −82.67 −84.61 −81.95

Data are expressed as mean values ± SD. ∆%: percent changes from baseline. AIx, augmentation index;
GDS, glycocalyx dietary supplement; PASI, psoriasis area severity index; PBR, perfused boundary region of
sublingual microvessels with diameter range of 4–25 µm, 4–9 µm, 10–19 µm and 20–25 µm; PWV, pulse wave
velocity. * p < 0.05; ** p < 0.01; *** p < 0.001 for time × treatment interaction obtained by repeated measures
ANOVA. † p < 0.05, †† p < 0.01, ††† p < 0.001 for comparisons of 4 months versus baseline by ANOVA.

3.2. Change in Thickness of Endothelial Glycocalyx

Baseline PBR values did not differ significantly between the two groups (p > 0.05). In
total, PBR4–25 decreased significantly at the 4-month follow-up from 2.30 ± 0.22 µm to
2.17 ± 0.26 µm (F = 8.32; p = 0.003). Of note, we observed a significant interaction between
the intervention arm and the change in PBR4–25 at follow-up (F = 6.97; p = 0.009) (Table 2).
More specifically, participants in the GDS group demonstrated a significant reduction in
PBR4–25 (−9.95%; 95%CI: −10.34 to −8.35%) compared to the placebo group (−0.87%;
95%CI: −2.34–1.64%).

A similar trend was noticed in PBR 4–9, 10–19, and 20–25, respectively (Table 2).

3.3. Change in Arterial Stiffness

Baseline PWV values did not differ significantly between the two groups (p > 0.05).
PWV improved remarkably at follow-up in the study population from 10.40 ± 2.14 m/s to
9.39 ± 2.23 m/s (F = 9.75; p = 0.002). Additionally, we noted an interaction between the
intervention arm and the change in PWV at follow-up (F = 7.56, p = 0.004). Participants in the
GDS group displayed a greater reduction in PWV compared to the placebo group (−15.27%;
95%CI: −18.48 to −13.65% versus −4.04%; 95%CI: −6.68 to −1.32%, respectively).

Baseline AIx values did not differ significantly between the two groups (p > 0.05). AIx re-
duced remarkably at follow-up in the study population from 12 ± 4.12% to 8.56 ± 3.23 m/s
(F = 19.70; p < 0.001). Additionally, we noted an interaction between the intervention arm
and the change in AIx at follow-up (F = 4.02, p = 0.037). Participants in the GDS group
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showed a greater reduction in AIx compared to the placebo group (−35.57%; 95%CI: −40.89
to −31.14% versus −21.85%; 95%CI: −26.44 to −17.42%, respectively).

3.4. Associations between Glycocalyx Integrity, Arterial Stiffness, and Psoriasis Severity at
4-Month Follow-Up

In the total sample, the percentage change in PASI was correlated with the respective
percentage change in PBR4–25 (r = 0.390, p = 0.019) and PWV (r = 0.335, p = 0.020).

In the GDS group, the percentage change in PBR 4–25 was associated with the percent-
age change in PWV (r = 0.411, p = 0.015) and AIx (r = 0.481, p = 0.010), correspondingly.

4. Discussion

In the current study, we showed that patients with psoriasis treated with the GDS
for 4 months as an add-on treatment to the standard treatments with biological agents
displayed remarkable improvement in endothelial glycocalyx thickness of microvasculature
in conjunction with substantial attenuation of arterial stiffness compared with the placebo
group. In particular, participants under GDS demonstrated a greater reduction in PBR
compared with the placebo group. Additionally, participants in the GDS group achieved
greater improvement in both PWV and AIx compared with the placebo group. Notably, in
the GDS group, the improvement in PBR was associated with the decrease in PWV and AIx.
Consequently, GDS administration for a short-term period seems to exert robust effects in
both endothelial integrity and arterial stiffness, and these effects occur concurrently.

4.1. Effects of GDS on Glycocalyx Integrity

In the current study, we showed that GDS administration resulted in profound im-
provement in glycocalyx integrity, as assessed by PBR measurement. We have previously
shown that patients with psoriasis demonstrate affected PBR values compared to healthy
controls, which is mainly attributed to the increased inflammatory burden and increased
oxidative stress burden [21].

Indeed, dysregulation of the glycocalyx layer occurs in patients with chronic inflam-
matory conditions like psoriasis [26]. Inflammation-mediated depletion of the endothelial
glycocalyx by pro-inflammatory cytokines such as (TNF)-a IL-1, 6, 17A, and 8 promote
changes in endothelial permeability, resulting in increased transcapillary water and pro-
tein permeability [1,26,27]. These in turn result in a shift of interstitial fluid, and edema
finally ensues [1,26,27]. Also, in chronic inflammatory states, high plasma concentrations
of syndecan-1 and heparan sulfate, which are major components of the glycocalyx layer,
are found [28]. These findings indicate that inflammatory processes directly induce the
degradation of the glycocalyx layer [28].

Interestingly, in the current study, participants in the placebo group displayed a slight
non-significant improvement in PBR compared to baseline, suggesting that biological
treatment may also have an effect on endothelial glycocalyx through a reduction in the
inflammatory process. However, the addition of GDS to biological treatment causes a
greater improvement in endothelial glycocalyx compared to the placebo. A possible in-
terpretation is that GDS contains glycocalyx substrates, such as hyaluronic acid; fucoidan,
which is considered a heparinase inhibitor; antioxidants, such as superoxide dismutase
(SOD); and polyphenolic enzymes, which protect against damage from free radicals and
other ingredients that may assist in the restoration of the depleted glycocalyx layer [29,30].
In particular, fucoidan constitutes a fucosylated and sulfated polysaccharide that mimics
heparan sulfate, a major glycosaminoglycan of the endothelial glycocalyx [29,30]. Hyaluro-
nan is another major glycosaminoglycan present in the glycocalyx layer [29,30]. Another
component of the GDS includes glucosamine sulfate, which is implicated in the synthesis
of key components of the endothelial glycocalyx [29,30]. A recently published study con-
ducted in chronic kidney disease patients showed that GDS resulted in the restoration of
glycocalyx integrity, as measured by atomic force microscopy [29]. In the same study, the
effectiveness of GDS was also addressed by reporting a drop in the PBR of mice during
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in vivo measurement [29]. It was speculated that GDS’s effects are possibly mediated
by the mitogen-activated protein kinase (MAPK)/extracellular-signal-regulated kinase
(ERK) and phosphatidylinositol 3-kinase (PI3K) signaling pathways [29]. In another recent
study, 10 weeks of dietary glycocalyx precursor supplementation in old mice resulted in
restoration of glycocalyx barrier function accompanied by attenuation of aortic stiffness and
augmented endothelium-dependent dilation and nitric oxide bioavailability, suggesting
that glycocalyx may be an effective therapeutic target for vascular dysfunction in older
adults [17]. Their findings regarding improvement in PBR are aligned with ours. How-
ever, there are crucial differences between the two study populations. Another study in
patients with COVID-19, who are also considered to exhibit endothelial impairment due to
inflammation, reported restoration of the disrupted glycocalyx following administration of
fucoidan [31]. Similarly, data obtained from diabetic patients indicate that GDS administra-
tion significantly reduced PBR while also lowering HbA1c levels [32]. In contrast, a study
conducted in older adults was inconclusive regarding the role of GDS on endothelial glyco-
calyx, as there was no difference in PBR4–25 between the GDS group and placebo group at
3-month follow-up. Interestingly, in the above study, a subgroup analysis of participants
who were not treated with antihypertensive agents revealed a significant improvement in
PBR of microvessels ranging from 4 to 7 µm in the GDS group [33]. Nonetheless, our study
is the first to address the effect of GDS in psoriasis patient treatment. Its robust effects on
the glycocalyx layer appear to be attributed to its ingredients, such as fucoidan, which
counterbalance the detrimental effects of chronic inflammation and restore the glycocalyx
layer. Therefore, GDS may be used in conjunction with standard treatment of psoriasis to
enhance its effectiveness on endothelial function.

4.2. Effects of GDS on Arterial Stiffness

We documented a significant decrease in both PWV and AIx in participants treated
with GDS, as an add-on treatment to standard treatment with biological agents, compared
to placebo. Patients with psoriasis exert affected stiffness properties owing to persistent
inflammation, increased oxidative stress burden, and a higher prevalence of the conven-
tional risk factors for cardiovascular disease [34]. We have previously shown that biological
agents reduced PWV in patients with psoriasis [1]. Of note, we observed that GDS admin-
istration led to greater improvement in PWV and AIx when added to standard treatment
with biological agents. Additionally, a significant association between the change in PBR
and PWV and AIx was also documented.

Taking into consideration the above findings, we speculate that the favorable effect
of GDS on arterial stiffness is explained by its beneficial effect on endothelial function. In
support of this hypothesis, an experimental study showed that GDS treatment resulted
in improvement in PBR, which was in parallel with the drop in PWV in mice [16]. The
proposed pathophysiologic mechanisms include that a thicker glycocalyx layer promotes
more efficient shear stress transduction and endothelial-dependent nitric oxide (NO) release,
which in turn ameliorate arterial wall stiffness [16]. Thus, GDS appears to aggravate
the effects of biological agents on arterial stiffness indirectly through improvement in
endothelial function.

The following limitations also apply to our study. Firstly, the sample size is relatively
small and, therefore, a larger cohort with longer follow-up period is warranted to validate
our findings. Secondly, we addressed only the aortic stiffness and the thickness of glycoca-
lyx layer of the microvasculature. Given that psoriasis also impairs cardiac function, in the
future, we could assess whether GDS preserves or improves cardiac function in psoriatic
patients. Hence, further studies are required to investigate the effect of this supplement on
the top of other treatments of psoriasis.

The current study is a well-designed double-blinded, randomized, placebo-controlled
trial and provides novel evidence for the effects of GDS on microvascular function and
arterial elastic properties.
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5. Conclusions

In conclusion, in the present study, we demonstrated that the addition of GDS to
biological treatments resulted in robust effects in the vasculature, albeit all participants
achieved significant control of psoriasis, as reflected by the reduction in PASI score. More
specifically, patients receiving GDS displayed substantial improvement in PBR, a metric of
sublingual microvessel thickness, in concordance with the amelioration of PWV, a metric of
aortic stiffness. These findings suggest that GDS could be included in the management of
psoriasis to effectively reduce cardiovascular disease burden.
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