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Abstract
Hypertensive patients with normal glucose tolerance (NGT) but 1-h post-load plasma glucose ≥ 155 mg/dl (1-h high), dur-
ing an oral glucose tolerance test (OGTT), show higher insulin resistance and multiple target organ damages. Experimental 
and clinical studies demonstrate that silybin presents anti-inflammatory and metabolic effects, improving insulin resistance 
and endothelial dysfunction. This study aims to evaluate the effects of the complex silybin–vitamin E and phospholipids on 
inflammatory, metabolic and vascular parameters in NGT 1-h high hypertensive patients. This is a pilot, single arm, inter-
ventional, longitudinal study enrolling 50 Caucasian NGT 1-h high hypertensive outpatients, 27 men and 23 women, age 
range 42–60 years (mean + SD = 52 ± 7). After 6 months of silybin intake, there is a significant improvement in metabolic 
profile. The glucose response during OGTT significantly improves  (AUCglucose0–120 309.6 ± 63.4 at baseline vs 254.6 ± 35.5 
at the follow-up, ∆ = − 55, 95% CI from − 67 to − 43, p < 0.0001), so as insulin response  (AUCinsulin0–120 238.2 ± 99.1 vs 
159.3 ± 44.9, ∆ = − 78.9, 95% CI from − 100.0 to − 57.8, p < 0.0001), in accordance with the increase of insulin sensitivity 
index Matsuda. Silybin intake is associated with a significant reduction of both clinical and central systolic blood pressure, 
with betterment in clinical and central pulse pressure and reduction of arterial stiffness parameters. In conclusion, this study 
demonstrates that silybin may improve the metabolic aspect and vascular damage in NGT 1-h high hypertensive patients who 
are at higher metabolic and cardiovascular risk. Thus, in these patients, silybin might strengthen the effect of antihypertensive 
drugs giving further cardiovascular protection.
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Introduction

Insulin resistance (IR) represents a common pathophysio-
logical mechanism of type 2 diabetes and arterial hyperten-
sion, both associated with the appearance and progression 
of cardiovascular disease (CVD) [1, 2].

Recently, we reported that a value of 1-h post-load plasma 
glucose ≥ 155 mg/dL (1-h high), during an oral glucose tol-
erance test (OGTT), is able to identify subjects with normal 
glucose tolerance (NGT) but who are at high risk of incident 
type 2 diabetes [3]; in accordance with this, 1-h high NGT 
hypertensive patients show an unfavorable metabolic profile 
characterized by higher IR and subclinical inflammation and 
multiple target organ damages, similar to that observed in 
individuals with impaired glucose tolerance (IGT) [4–8].

Experimental and clinical studies demonstrate that sily-
bin, the main active component extracted from the milk this-
tle, presents important anti-inflammatory, antifibrotic and 
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metabolic effects, particularly, in the liver [9, 10]. In patients 
with non-alcoholic fatty liver disease (NAFLD), the complex 
silybin–vitamin E-phospholipids may improve all metabolic 
syndrome parameters, reducing IR and ameliorating glucose 
metabolism and liver histology [11, 12]. Given the common 
pathophysiological pathways shared by both cardiovascular 
and metabolic diseases, it is plausible that silybin may be 
protective also for tissues other than the liver, and in differ-
ent clinical settings. Thus, silybin shows markedly improved 
IR and endothelial dysfunction in an animal model of dia-
betes and obesity [13]. On the basis of these considerations, 
the aim of this study is to evaluate the effects of the complex 
silybin–vitamin E and phospholipids (®Realsil) on inflam-
matory, metabolic and vascular parameters in a group of 
never-treated 1-h high NGT hypertensive patients.

Methods

Study population

This pilot, single arm, interventional, longitudinal study 
consists of 50 Caucasian never-treated hypertensive out-
patients, 27 men and 23 women, age range 42–60 years 
(mean + SD = 52 ± 7), who have an NGT with 1-h post-load 
plasma glucose ≥ 155 mg/dl, during OGTT. All patients 
underwent physical examination and review of their medical 
history. Causes of secondary hypertension were excluded by 
appropriate clinical and biochemical tests. Other exclusion 
criteria were represented by history or clinical evidence of 
ischemic or valvular heart disease, congestive heart failure, 
peripheral vascular and chronic gastrointestinal diseases 
associated with malabsorption, chronic pancreatitis, history 
of any malignant or autoimmune disease, alcohol or drug 
abuse, liver or kidney failure, treatments able to modify glu-
cose metabolism and smoking.

All subjects underwent anthropometrical evaluation by 
measuring weight, height, body mass index (BMI) and waist. 
After 12-h fasting, a 75 g OGTT was performed with 0, 
30-, 60-, 90- and 120-min sampling for plasma glucose and 
insulin. Glucose tolerance status was defined on the basis of 
OGTT using the World Health Organization (WHO) criteria.

Laboratory determinations

Glucose, triglyceride, total and high density lipoprotein 
cholesterol (HDL-C) concentrations were determined by 
enzymatic methods (Roche, Basel, Switzerland). Plasma 
insulin concentration was determined with a chemilumines-
cence-based assay (Immulite, Siemens, Italy). The minimum 
detectable concentration was 2 mIU/mL and the maximal 
inter-assay coefficient of variation was 5.5%. Total serum 
insulin like growth factor (IGF)-1 concentrations were 

measured by a chemiluminescent immunoassay (Nich-
ols Institute Diagnostic, San Juan Capistrano, CA). The 
minimum detectable concentration was 0.03 mg/l, and the 
maximal inter-assay coefficient of variation was 7%. Ala-
nine aminotransferase (ALT) and aspartate aminotransferase 
(AST) levels were measured using the α-ketoglutarate reac-
tion, and high-sensitivity C-reactive protein (hs-CRP) was 
measured by automated instrument (CardioPhase_hs-CRP, 
Siemens, Italy). The intra-assay coefficient of variation for 
hs-CRP was < 6%. Serum creatinine and uric acid (UA) were 
measured in the routine laboratory by an automated tech-
nique based on the measurement of Jaffe chromogen and 
by the URICASE/POD (Boehringer Mannheim, Mannheim, 
Germany) method implemented in an autoanalyzer.

Insulin sensitivity

The homeostasis model assessment (HOMA) index was 
calculated as [fasting insulin (µU/mL) × fasting glucose 
(mmol/l)]/22.5. Insulin sensitivity was evaluated using 
the Matsuda index (insulin sensitivity index [ISI]), cal-
culated as follows: 10,000/square root of [fasting glucose 
(mmol/l) × fasting insulin (mU/l)] × [mean glucose × mean 
insulin during OGTT]. The Matsuda index is strongly related 
to euglycemic–hyperinsulinemic clamp, which represents 
the gold standard test for measuring insulin sensitivity [14, 
15]. The trapezoidal method was used to calculate glucose 
and insulin area under the curve (AUC) during the OGTT 
[16]. Renal function was evaluated by calculation of the esti-
mated glomerular filtration rate (e-GFR), using the CKD-Epi 
equation [17].

Blood pressure measurements

Readings of clinic blood pressure (BP) were obtained in the 
left arm of the supine patients, after 5 min of quiet rest, 
with a mercury sphygmomanometer. Systolic BP (SBP) 
and diastolic BP (DBP) were recorded at the first appear-
ance (phase I) and the disappearance (phase V) of Korot-
koff sounds. Baseline BP values were the average of the 
last two of the three consecutive measurements obtained 
at intervals of 3 min, on three separate occasions at least 
2 weeks apart. Patients with a clinic SBP ≥ 140 mmHg or 
DBP ≥ 90 mmHg were defined as hypertensive, accord-
ing to current guidelines [18]. For the study protocol, only 
patients with essential arterial hypertension of mild degree 
were considered (SBP ≥ 140 mmHg and < 160 mmHg and/
or DBP ≥ 90 and < 100 mmHg).

Arterial stiffness and central BP measurements

The evaluation of the arterial stiffness was performed by 
the analysis of the shape and speed of the peripheral and 
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central pressure wave. All studies were performed in the 
supine position, in a quiet room with a constant temperature 
between 22 and 24 °C, after abstaining from cigarette smok-
ing and food and alcohol intake in the 12 h preceding the 
study. These measurements were obtained by a validated 
system (SphygmocorTM; AtCor Medical, Sydney, Aus-
tralia) that employs high-fidelity applanation tonometry 
(Millar) and appropriate computer software for the analysis 
of pressure wave (SphygmocorTM) [6]. Pressure calibra-
tion was obtained through automatically, non-invasively 
recorded supine brachial artery BP of the dominant arm after 
a 30-min rest (Dinamap Compact T; Johnson & Johnson 
Medical Ltd, Newport, UK). BP was measured five times 
over 10 min, and the mean of the last three measurements 
was taken for calibration. Pressure wave recording was per-
formed at the radial artery of the dominant arm with the 
wrist softly hyperextended, and it is the average of single 
pressure waves recorded consecutively for 8 s. Pressure 
wave recordings were accepted only if variation of peak and 
bottom pressures of single pressure waves was < 5%. The 
central pressure wave was automatically derived from the 
radial pressures by a built-in generalized transfer function. 
In addition, pressure wave measurement was also obtained 
at the right carotid artery, as it is well known that central AI 
may be more accurately derived from this vascular site [19]. 
Central waveforms were further analyzed to identify the time 
to peak/shoulder of the first (T1) and second (T2) pressure 
wave components during systole. The pressure at the peak/
shoulder of T1 was identified as outgoing pressure wave 
height (P1), and the pressure at the peak/shoulder of T2 was 
identified as the reflected pressure wave height (P2), either 
absolutely or as percent of ejection duration. AP was defined 
as the difference between P2 and P1, and AI as [AP/pulse 
pressure (PP)] × 100. Aortic pulse wave velocity (PWV) 
was determined from the carotid and femoral pressure wave-
forms. Carotid to femoral transit time (DT) was computed 
from the foot-to-foot time difference between carotid and 
femoral waveforms. The distance between the surface mark-
ings of the sternal notch and femoral artery was used to 
estimate the path length between the carotid and femoral 
arteries (L), and PWV was computed as L/DT.

Modality of intervention

After enrollment, all patients were encouraged to make life-
style changes according to the current guidelines [20]; more-
over, it was also recommended to take silybin conjugated to 
vitamin E and phosphatidylcholine that shows higher intesti-
nal absorption and bioavailability (Indena, IBI-Lorenzini spa 
Italy:  Realsil®) as granules for oral solution at a dose of 3 g 
bid. Each subject was re-evaluated monthly by performing 
a clinical examination to consider the necessity for antihy-
pertensive treatment. Finally, inflammatory, metabolic and 

hemodynamic parameters were assessed after 6 months of 
treatment. In particular, at the end of the follow-up period, 
a new OGTT was performed, to test the effects of silybin on 
glucose tolerance and IR status.

The protocol was approved by the local Ethics Committee 
(Comitato Etico Azienda Ospedaliera “Mater Domini”) and 
informed written consent was obtained from all participants. 
All the investigations were performed in accordance with the 
principles of the 1975 Declaration of Helsinki (clinicaltrials.
gov: NCT03538327).

Statistical analysis

Continuous data are expressed as mean ± SD. For all vari-
ables, comparisons between baseline (T0) and post-treatment 
values (T6) were performed using paired Student’s t test. 
The changes in all biomarkers in response to silybin intake 
were expressed as mean and 95% CI, according to the CON-
SORT statement [21]. Simple linear regression analysis was 
performed to assess the relationship between variation in 
arterial stiffness indices (PWV, AI, AP), expressed as Δ of 
variation between baseline and follow-up (ΔT0–6) and the 
variation of metabolic and inflammatory covariates that sig-
nificantly improved after the treatment (expressed as ΔT0–6). 
Thus, variables reaching statistical significance and gender, 
as dichotomic variable, were inserted in a stepwise multi-
variate linear regression model to assess the magnitude of 
their individual effect on ΔPWV, ΔAI and ΔAP, with regard 
to the relationship of a variable every eight patients.

In the regression analysis, to test the independent effect 
of glucose and insulin responses on vascular parameters, 
we included only ΔAUC 0–120 of glucose and insulin. We 
did not include ΔMatsuda to avoid a possible colinearity. 
Differences were assumed to be significant at p < 0.05. All 
comparisons were performed using SPSS 20.0 statistical 
software for Windows (SPSS, Inc., Chicago, IL).

Results

Study population

The main clinical, anthropometric and biochemical param-
eters of the study population at baseline and after the 
period of treatment are reported in Table 1. After 6 months 
of silybin intake, there is a significant improvement in 
metabolic profile; in particular, a significant reduction in 
total cholesterol and triglyceride and an increase in HDL-
cholesterol levels are observed. In addition, fasting glucose 
and insulin significantly decrease after silybin treatment 
with reduction of the HOMA index. Of interest, as shown 
in Fig. 1, the glucose response during OGTT is signifi-
cantly reduced after silybin  (AUCglucose0–120 309.6 ± 63.4 
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vs 254.6 ± 35.5, ∆ = − 55, 95% CI from − 67 to − 43, 
p < 0.0001), as well as insulin response  (AUCinsulin0–120 
238.2 ± 99.1 vs 159.3 ± 44.9, ∆ = − 78.9, 95% CI from 
− 100.0 to − 57.8, p < 0.0001); in accordance with this, 
the Matsuda index significantly increases (Table 1). In 
addition, silybin treatment is associated with an increase 
in IGF-1 levels, and the improvement of renal function is 
demonstrated by a significant increase of 4 ml/min/1.73 m2 
in e-GFR. Finally, also hs-CRP, UA and liver enzymes are 
significantly reduced by silybin treatment, confirming a 

general improvement of both metabolic and inflammatory 
status, without any significant change in the anthropomet-
ric parameters.

In Table 2, we report the clinical and central hemody-
namic parameters, before and after silybin treatment. Inter-
estingly, silybin intake is significantly associated with a 
reduction of both clinical and central SBP, with consequent 
betterment in clinical and central PP values. Similarly, we 
observed a significant reduction in PWV and the other 
related arterial stiffness parameters, i.e., AI and AP.

Table 1  Anthropometric and 
biochemical characteristics of 
the study population before and 
after 6 months of treatment with 
silybin

BM body mass index, HOMA homeostatic model assessment, ISI insulin sensitivity index, IGF-1 insulin 
like growth factor 1, e-GFR estimated glomerular filtration rate, hs-CRP high-sensitivity C-reactive protein

Variables Baseline After silybin Follow-up—baseline (mean 
change and 95% CI)

p

Gender, M (%) 27(54.0)
BMI, kg/m2 30.8 ± 4.3 30.1 ± 4.1 − 0.8 (− 2.2 to 0.5) 0.223
Waist, cm 101.8 ± 11.6 101.1 ± 10.5 − 0.7 (− 3.9 to 2.4) 0.623
Fasting glucose, mg/dl 99.5 ± 11.1 95.6 ± 9.7 − 0.2 (− 0.30 to − 0.13) <0.0001
Fasting insulin, μU/ml 18.6 ± 9.3 14.8 ± 7.2 − 4.0 (− 4.9 to − 3.0) <0.0001
HOMA 4.8 ± 2.8 3.6 ± 1.9 − 1.2 (− 1.5 to 0.9) <0.0001
Matsuda/ISI 42.8 ± 23.2 60.3 ± 25.6 17.6 (15.6 to 19.6) <0.0001
IGF-1, ng/ml 122.1 ± 39.9 135.1 ± 46.2 13.1 (5.9 to 20.3) 0.001
Total cholesterol, mg/dl 215.7 ± 29.1 205.6 ± 19.2 − 9.3 (− 14.3 to − 4.2) <0.0001
HDL-cholesterol, mg/dl 45.1 ± 9.7 48.1 ± 10.3 2.9 (1.2 to 4.6) 0.001
Triglyceride, mg/dl 172.6 ± 65.6 142.9 ± 44.3 − 29.6 (− 39.3 to − 17.7) <0.0001
Creatinine, mg/dl 0.85 ± 0.15 0.81 ± 0.15 − 0.04 (− 0.08 to − 0.01) 0.006
e-GFR, ml/min/1.73 m2 103.1 ± 26.4 101.6 ± 24.3 4.0 (0.9 to 7.2) 0.013
Uric acid, mg/dL 5.7 ± 1.6 5.2 ± 1.4 − 0.5 (− 0.8 to − 0.2) 0.001
hs-CRP, mg/L 4.6 ± 2.9 3.3 ± 1.8 − 1.3 (− 1.7 to − 0.8) <0.0001
AST, UI/L 26.7 ± 11.9 24.7 ± 7.9 − 2.0 (− 3.5 to − 0.6) 0.007
ALT, UI/L 33.5 ± 16.9 32.1 ± 14.6 − 1.7 (− 3.1 to 0.3) 0.035

Fig. 1  Glucose (on the left) and insulin (on the right) response, 
expressed as area under the curve (AUC), during the oral glucose 
tolerance test (OGTT), at baseline and after silybin treatment. Both 

AUC for  glucose0–120 and AUC for  insulin0-120 are significantly 
improved after 6 months of silybin intake
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Correlational analysis on arterial stiffness 
parameters

A linear regression analysis was performed to test the cor-
relation between change in arterial stiffness indices (PWV, 
AI, AP), expressed as Δ of variation between baseline and 
follow-up (ΔT0–6) and the different metabolic and inflamma-
tory covariates. As shown in Table 3, ΔPWV is significantly 
correlated with ΔAUC  insulin0–120 and ΔAUCglucose0–120. 
There is a significant correlation between ΔAI and the vari-
ation of AUC  insulin0–120,  AUCglucose0–120 and triglycer-
ide. Finally, ΔAP is significantly correlated with ΔAUC 
 insulin0–120 and ΔIGF-1. Thus, variables reaching statistical 
significance and gender, as dichotomic variable, were added 
in a stepwise multivariate linear regression model to assess 
the magnitude of their individual effect on ΔPWV, ΔAI 
and ΔAP. The variation of AUC  insulin0–120 is the strong-
est predictor for all three vascular function parameters. In 
particular, it justifies a 30.9, 29.4 and 13.2% of variation 

for ΔPWV, ΔAI and ΔAP, respectively. The change in 
 AUCglucose0–120 adds another 6.7% for ΔPWV variation 
and ΔIGF-1 accounts for another 10.9% for ΔAP.

Discussion

In this study, we demonstrate that a 6-month treatment with 
an oral complex containing silybin, phosphatidylcholine and 
vitamin E induces, in a group of newly diagnosed hyperten-
sive patients, a significant improvement in the metabolic and 
inflammatory profile. In particular, silybin treatment is able 
to reduce both fasting glucose and insulin levels as well as 
glucose and insulin AUC during OGTT, with the increase 
of the Matsuda index, confirming its positive impact on IR 
status. As a consequence of insulin sensitivity improve-
ment, IGF-1 levels significantly increase while hs-CRP 
levels decrease. Clinically relevant, all these changes occur 

Table 2  Peripheral and central 
hemodynamic parameters of 
the study population before 
and after 6 months of silybin 
treatment

SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, c central, AP augmentation 
pressure, AI augmentation index, PWV pulse wave velocity

Variables Baseline After silybin Follow-up—baseline (mean 
change and 95% CI)

p

Clinical SBP, mmHg 145.3 ± 7.2 135.3 ± 8.6 − 10.1 (− 13.3 to − 6.9) <0.0001
Clinical DBP, mmHg 82.9 ± 9.1 80.8 ± 9.1 − 2.2 (− 4.6 to 0.3) 0.086
Clinical PP, mmHg 63.4 ± 8.9 54.4 ± 7.3 − 7.9 (− 10.1 to − 5.8) <0.0001
c-SBP, mmHg 133.6 ± 6.3 124.9 ± 7.8 − 8.8 (− 11 to − 6.5) <0.0001
c-DBP, mmHg 71.1 ± 8.2 70.7 ± 8.7 − 0.3 (− 1.6 to 1.0) 0.525
c-PP, mmHg 62.5 ± 10.8 54.2 ± 8.8 − 8.4 (− 10.8 to − 6.1) <0.0001
AP, mmHg 14.8 ± 8.5 12.4 ± 6.9 − 2.4 (− 3.2 to − 1.6) <0.0001
AI,  % 21.4 ± 9.1 15.8 ± 7.2 − 5.5 (− 6.2 to − 4.7) <0.0001
PWV, m/s 6.9 ± 2.1 5.9 ± 1.7 − 1.0 (− 1.4 to − 0.6) <0.0001

Table 3  Linear regression 
analysis on pulse wave velocity 
(PWV), augmentation index 
(AI) and augmentation pressure 
(AP) variation (∆T0–6) after 
6 months of silybin treatment

AUC  area under the curve, PP pulse pressure, e-GFR estimated glomerular filtration rate, hs-CRP high-
sensitivity C-reactive protein, ISI insulin sensitivity index, IGF-1 insulin like growth factor-1, PP pulse 
pressure

PWV (∆T0–6) AI (∆T0–6) AP(∆T0–6)

R P R P R P

∆AUC  insulin0–120 0.556 <0.0001 0.542 <0.0001 0.364 0.005
∆AUCglucose0–120 0.526 <0.0001 0.273 0.028 0.200 0.082
∆Total cholesterol, mg/dl 0.150 0.149 0.218 0.064 0.049 0.367
∆HDL-cholesterol, mg/dl 0.235 0.050 0.027 0.427 0.079 0.292
∆Triglyceride, mg/dl 0.005 0.488 0.257 0.036 0.194 0.089
∆Uric acid, mg/dl 0.010 0.474 − 0.004 0.489 0.209 0.072
∆e-GFR, ml/min/1.73 m2 0.015 0.459 0.207 0.075 − 0.011 0.469
∆hs-CRP, mg/L 0.135 0.174 − 0.058 0.344 − 0.137 0.171
∆IGF-1, ng/ml − 0.005 0.486 0.108 0.227 − 0.336 0.009
∆central PP, mm/Hg 0.214 0.068 − 0.118 0.206 − 0.140 0.167
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independently of the body weight modification; in fact, both 
BMI and waist circumference did not change significantly.

This study is the first evidence of the positive metabolic 
effects exerted by silybin, on NGT hypertensive patients 
with high 1-h post-load plasma glucose who are at high risk 
for incident type 2 diabetes and target organ damage [3–7]. 
In fact, in previous studies, the metabolic effects of sily-
bin were assessed in patients with NAFLD, where silybin 
treatment was associated with a significant improvement 
of IR, liver function tests and liver histology [11, 12]. The 
positive effect of silybin on insulin signalling may be partly 
explained by the attenuation of the insulin receptor sub-
strate-1 (IRS-1)/phosphoinositide 3-kinase (PI3K)/Akt path-
way, as demonstrated by experimental in vitro and in vivo 
studies [10, 22, 23]. In particular, in skeletal muscle cells, 
silybin may prevent palmitate-induced IR promoting IRS-1 
tyrosine phosphorylation, and inhibiting the negative effect 
of serine phosphorylation [22]. Moreover, in an NAFLD ani-
mal model, the addition of silybin improves IR and hepatic 
histology, while being able to reduce resistin expression in 
cultured rat liver cells. Similarly, in our patients, we also 
observe a significant reduction of both AST and ALT levels.

Because all these actions are able to be nullified by a 
PI-3K specific blocker, it is plausible that silybin operates 
by this pathway [23]. Thus, on this evidence, it is possible to 
affirm that the positive effects of silybin on IR pathophysi-
ological mechanisms may be clinically relevant because the 
improvement of insulin sensitivity reduces the inflammatory 
burden and oxidative stress that promote different pathoge-
netic pathways, leading not only to glucose intolerance, but 
also in the development of subclinical target organ damage 
that represents an independent predictor of subsequent car-
diovascular events [24–26].

At the same time, we also demonstrate a significant 
improvement of all the parameters related to vascular 
stiffness due to the reduction of AUC  insulin0–120 after 
silybin treatment, which is the strongest predictor of 
these changes, justifying in particular a 30.9% of PWV 
variation. These findings confer an important biological 
plausibility to our results, because an increase in PWV 
is associated with the rise in both central SBP and PP, 
with a consequent growth of cardiac systolic work and 
decrease of coronary perfusion pressure, all conditions 
promoting CV events [27, 28]. Apart from the improve-
ment of IR, the positive effect of silybin on vascular stiff-
ness may be justified by other mechanisms. In particular, 
silybin has demonstrated, in a mouse model of diabetes, 
reduced plasma and aorta asymmetric dimethyl-l-argi-
nine levels [13], an endogenous competitive inhibitor of 
endothelial nitric oxide synthase that reduces nitric oxide 
bioavailability in humans [29]. In addition, silybin is able 
to inhibit radical accumulation by an important scavenger 
activity, interfering with both lipid membrane peroxidation 

and stabilization of mitochondrial membrane [9, 30]. In 
particular, in rats with NAFLD, silybin treatment is more 
effective than that with rosiglitazone in increasing the 
levels of superoxide dismutase and glutathione. Moreo-
ver, silybin enhances the gene and protein expression of 
adiponectin, but inhibits that of resistin thus improving 
insulin sensitivity. Finally, silybin is effective in stabilizing 
mitochondrial membrane fluidity with reduction of free 
radicals [30]. Therefore, it is plausible that the positive 
effect on IR and mitochondrial function and the inhibi-
tion of oxidative stress may represent the crucial mecha-
nisms for the vascular protective effect of silybin and these 
actions may justify the reduction of arterial stiffness as 
demonstrated in our study.

It is likely that the improvement of vascular compliance 
may justify the reduction of both SBP and PP as observed 
in our patients, conferring a clinical relevance because, as 
reported in a recent meta-analysis, including 123 studies 
with over 600,000 participants, a 10 mmHg reduction in 
SBP reduces the risk of major CV events by 20%, coronary 
heart disease by 17% and stroke by 27% [31]. The vascular 
benefit after treatment is also evidenced by the improve-
ment in renal function as demonstrated by a significant 
reduction of creatinine and increase of e-GFR.

Obviously, this is a pilot study obtained on a small sam-
ple, and these data should be confirmed in a randomized 
controlled multicenter study, including a larger number 
of patients. In addition, the results were observed in NGT 
hypertensives with high 1-h post-load plasma glucose, and 
it may not be valid in other settings of patients. Another 
important limitation of the study is the lack of oxidative 
stress evaluation after intake of silybin. This is a cru-
cial point because the reduction of oxidative stress may 
account for the improvement in arterial stiffness. However, 
the reduction of oxidative stress, even if not measured, 
can be hypothesized considering the betterment of insulin 
sensitivity and inflammatory burden observed in patients 
of the study after silybin intake.

Finally, the strengths are represented by the complete 
metabolic assessment. In fact, IR was assessed with 
OGTT-derived indices, considering glycemic and insuline-
mic responses. Moreover, vascular stiffness was measured 
by carotid–femoral PWV that represents the gold standard 
test.

In conclusion, this study demonstrates that silybin may 
improve the metabolic aspect and vascular damage in 
NGT hypertensive patients with 1 h-post-load plasma glu-
cose ≥ 155 mg/dl, characterized by higher metabolic and 
cardiovascular risk. Taken together, in hypertensive insu-
lin-resistant patients, silybin might strengthen the effect 
of antihypertensive drugs through the improvement of the 
metabolic condition, giving further vascular protection.
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