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Abstract: Introduction: Metabolic Syndrome (MS) is a pathologic condition characterized by Type 2
diabetes mellitus (T2DM), insulin resistance, abdominal obesity, hypertension, and hyperlipidemia.
Until now, specific drugs such as metformin (MET) have been used to address its individual components; however, according to the recommendation of WHO, various plant extracts might be used
as alternative medicines due to the side effects of pharmacologic agents. Policaptil Gel Retard®
(PGR), a macromolecule complex based on polysaccharides which slows down the absorption rates
of carbohydrates and fats, proved effective against glucose abnormalities. Our study aimed to verify
the short-term efficacy and safety of PGR under real-life conditions. Methods: We evaluated both the
6-month changes in metabolic parameters in Italian patients with MS and T2DM, and the 10-year CV
risk score (10-y-CV-RS) from the CUORE equation, competitively randomized to Policaptil Gel Retard
(2172 mg before each main meal); Group A, n = 75, or Metformin (1500–2000 mg/day equally divided
between the two main meals), and Group B, n = 75. Results: Fasting plasma glucose and HbA1c
decreased significantly and similarly (p < 0.001) in the two groups. A significant decrease in BMI
(−20% in the PGR group (p < 0.01), −14.3% in the MET group (p < 0.05)), % visceral fat, and UA levels
was also apparent in both groups (p < 0.01). The opposite occurred for lipid profile, which improved
significantly in the PGR group but remained unchanged in the MET group. Consequently, only the
PGR group experienced a significant decrease in the 10-y-CV-RS (31.4 ± 8.0 vs. 19.7 ± 5.2, p < 0.0001),
whereas this remained unchanged in the MET group (32.2 ± 3.3 vs. 30.5 ± 8.7; p n.s.). Conclusions:
PGR could represent a suitable alternative to MET as a first-line treatment option, especially now
that an ever-increasing number of people prefer natural products based on plant extracts. This is
particularly pertinent given that, besides trying to avoid gastrointestinal side-effects as much as
possible, patients might be sensitive to ecotoxicology-related problems involving plants and animals
caused by the worldwide spread of environmental MET metabolites.
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1. Introduction
The prevalence of metabolic syndrome (MS) has risen for the last two decades and is
now approaching global epidemic proportions [1,2]. Metabolic Syndrome is a pathologic
condition characterized by Type 2 diabetes, insulin resistance, abdominal obesity, hypertension, and hyperlipidemia [3]. Due to the high mortality and morbidity of metabolic
syndrome, it is essential that these diseases are prevented or managed. Lifestyle changes,
including adequate exercise and a balanced diet, often prove effective in stopping the
progression of and treating metabolic syndrome. Nevertheless, much of the published data
indicate that it is difficult to change lifestyle permanently and achieve and maintain weight
loss for a long time.
Besides, suitable pharmacological and non-pharmacological treatment strategies are
necessary for managing metabolic syndrome, including fibrates, lipid-lowering drugs, and
anti-diabetes and anti-gout agents. The WHO recommend that various plant extracts might
be alternative medicines due to the side effects of chemical drugs [4].
Policaptil Gel Retard® (PGR) is a new macromolecule complex based on polysaccharides which slows down the absorption rates of carbohydrates and fats. Recent studies
indicate that, when used in conjunction with a low glycemic index diet (LGID), PGR significantly reduces acanthosis nigricans expression, HbA1c levels, and glucose metabolism
abnormalities, such as impaired glucose tolerance (IGT) and Type 2 Diabetes Mellitus
(T2DM) in obese patients [5,6]. The effect of PGR is related to a reduction in post-meal
glycemic and insulinemic peaks [7].
The attenuated pancreatic insulin response is likely due to slowed absorption rates of
glucose absorption, given that the latter directly regulates pancreatic insulin release [6–8].
Metformin is the most used, first-step hypoglycemic, oral medication for T2DM [9], and is
often used off-label as a preventive strategy against any insulin-resistance states, including
obesity. In children and adolescents with MS [8], Metformin + PGR treatment induced a
further reduction in BMI, HbA1c, and HOMA-IR index, as well as Matsuda disposition
and insulinogenic indices compared to Metformin alone [9]. More recently, in adults with
MS, we achieved similar glucometabolic results with PGR and Metformin and a better lipid
profile with PGR than Metformin. However, the gastrointestinal side effects study aimed to
verify the short-term efficacy and safety of PGR under real-life conditions in an attempt to
provide appropriate answers to the need for adequate care for MS. To do that, we evaluated
6-month changes in metabolically relevant parameters in patients with MS and T2DM, as
well as the 10-year CV risk score (10-y-CV-RS) from the Italian CUORE equation [10–14],
which fits the population under study better than others based on populations characterized
by different eating habits, lifestyles, and CV mortality rates.
2. Methods
The present report is a randomized, double-blind comparison study carried out in
an outpatient setting. Randomization was done by the generation of random numbers by
the website www.randomizer.org (accessed on 15 July 2020), attributing treatment PGR
to even numbers and treatment Metformin to odd numbers. The two products being
compared were contained in perfectly identical boxes containing a code number and
detailed instructions on how to take the tablets.
We analyzed a series of consecutive outpatients with MS and T2DM who met the
inclusion criteria and were followed up by a network of eight outpatient diabetes centers
(DCs) from the University Hospital of Naples “Luigi Vanvitelli” (coordinator center) and
the Nefrocenter Research network.
The study was carried out in compliance with good clinical practice standards and
the ethical guidelines of the 1964 Declaration of Helsinki and its subsequent amendments.
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The University of Campania “Luigi Vanvitelli” served as the central reference Ethical
Committee (EC) for the participating diabetes centers, which all belonged to the same
private consortium associated with the University mentioned above. The EC approved the
present study on 30 June 2019, with the registration number n. 1287/bis as an extension of a
previously approved protocol (reference n.10, Protocol registration trial n.1287, 23 June 2019)
which had been performed on different patients, and later by the Institutional Review Board
(IRB Min. no. 10,712, dated 5 June 2020). The study participants were different from those
enrolled in another recent investigation of ours which had a similar experimental design
but different endpoints [10]. The study participants’ data were processed anonymously
according to good clinical practice guidelines. Informed consent was obtained from all
subjects involved in the study.
By participating in the so-called Associazione Medici Diabetologi (AMD) Annals
Initiative, all Centers involved shared the same organizational structure, adopted the
same software for everyday outpatient management, and were documented to attain the
same performance levels. They were therefore considered to be part of a single institution [15]. A dedicated software package (AMD Data File) allowed data extraction for
further analysis [16].
The diagnosis of MS was made/confirmed according to the criteria proposed by the
World Heart Federation and the International Association for the Study of Obesity [17].
The International Classification of Diseases, Clinical Modification (ICD-9-CM, V82.9
2014) was used to assign T2DM comorbidities/complications to individual subjects [18].
The diagnosis of type 2 diabetes was made/confirmed according to the ADA Standards of
Medical Care in Diabetes 2021 criteria [19].
The CUORE project was an epidemiological and ischemic heart disease prevention
project launched in 1998 and validated in non-pregnant persons aged 35 to 69 without
previous major cardiovascular accidents [11]. The individual 10-year CV risk score (10-y
CVrs) was assessed using the CUORE project calculator (http://www.cuore.iss.it/altro/
cuore (accessed on 15 July 2020) to estimate the probability of experiencing any CV events
(mainly myocardial infarction or stroke) for the first time over the next ten years based
on eight CV risk factors, including age, gender, systolic BP (SBP), TC, HDL-C, diabetes
mellitus, smoking habit, and use of antihypertensive medications [11–14]. It cannot be
used in case of extreme risk factor values, including systolic blood pressure (SBP) higher
than 200 mmHg or less than 90 mmHg, TC higher than 320 mg/dL or less than 130 mg/dL,
HDL less than 20 mg/dL or higher than 100 mg/dL.
The sample sizes were estimated by using a single proportion formula and calculated
as follows: n = Z2 Pq/d2 = 68
Z: 1.96 (standard score for the 95% confidence level)
P: the highest percentage of population MS prevalence in Italy in 2015 [20]
q: percentage of failure (1 − P)
d: 5% (proportion of sampling error)
Due to possible expected drop-out, we increased the sample to 75 patients per treatment group. Keeping in mind the CUORE risk calculator’s requirements, the enrollment
criteria were defined as follows:

•
•
•
•
•
•
•
•
•
•
•

MS (defined according to the consensus document 2009) [17];
Age > 39 and <69 years;
Body mass index (BMI) > 30 kg/m2 ;
No previous major CV events (MACE);
T2DM, known for no more than 1 year (±0.5) (ADA criteria 2021) [19];
Altered lipid profile (TC ≥ 200 mg/dL, LDL- C ≥ 100 mg/dL);
Reliability (visiting the clinic regularly);
Acceptance of informed consent;
Normal estimated glomerular filtration rate (eGFR) (60–90 mL/min/1.73 m2 );
No micro-macro-albuminuria.
Exclusion criteria:
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•

Blood pressure and plasma lipid levels exceeding the above-mentioned range applithe individual
CV risk
calculator
of the Heart
Project;
• cable
Bloodtopressure
and plasma
lipid
levels exceeding
the above-mentioned
range applica•
Previous
bariatric
or
coronary
surgery
interventions;
ble to the individual CV risk calculator of the Heart Project;
•• Pregnancy
or breastfeeding;
Previous bariatric
or coronary surgery interventions;
•• Disabling
severe liver, kidney or neoplastic diseases, dementia and/or inPregnancyconditions,
or breastfeeding;
to regularly
comply
with
prescriptions;
• ability
Disabling
conditions,
severe
liver,
kidney or neoplastic diseases, dementia and/or
•
Known
to treatment or history of drug allergy or known
inabilityhypersensitivity/intolerance
to regularly comply with prescriptions;
allergic
disease;
•
Known hypersensitivity/intolerance to treatment or history of drug allergy or known
•
Irritable
bowel disease or dyspepsia.
allergic disease;
• Informed
Irritable bowel
disease
or dyspepsia.
consent
was obtained
from all subjects involved in the study.
After
a 12-week-run-in
period, the
patients
were involved
competitively
among
Informed
consent was obtained
from
all subjects
in therandomized
study.
all participating
centers to Policaptil
Gelpatients
Retard (2350
mg/sachet twice
a day, taken
30 min
After a 12-week-run-in
period, the
were competitively
randomized
among
all
participating
centers
to Policaptil
mg/sachet
a day,
takendivided
30 min
before
each main
meal),
Group A,Gel
n =Retard
75; or (2350
Metformin
(2000 twice
mg/day
equally
before each
meal),meals
Group
n = 75; or
Metformin
(2000 mg/day
divided
between
the main
two main
to A,
minimize
side
effects), Group
B, n = 75equally
(see Figure
1).
between the
two
main meals
to minimize
effects), Group
B, n = 75tolerated
(see Figure
1).
Metformin
was
individually
titrated
during side
the follow-up
to its maximal
doses
Metformin
was
individually
titrated
during
the
follow-up
to
its
maximal
tolerated
doses
(1500 to 2000 mg a day), which was not necessary for any patient, so everyone took 2000
(1500 to 2000 mg a day), which was not necessary for any patient, so everyone took
mg/day.
2000 mg/day.

Figure1.
1.Flow
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physicalactivity,
activity,treatment
treatmentadherence:
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weekly
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weekly
call;call;
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followup:
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assame
at baseline;
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PGR
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Gel Retard.
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parameters under
under study
study included:
included: (i)
(i) anthropometry:
anthropometry:body
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massindex
index(BMI),
(BMI),
The
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fat
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VF);
(ii)
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TC,
LDLC,
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AST,
ALT,
gamma-GT,
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(iii)
adherence
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TC, LDL- C, HDL-C, AST, ALT, gamma-GT, and alkaline phosphatase; (iii) adherence to
treatment
+
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of
pills/sachets
found
in
the
drug
packs
used
during
each
study
period;
treatment + count of pills/sachets found in the drug packs used during each study period;
(iv) side
side effects
effects (specific
(specific Q
Q sections);
sections); (v)
(iv)
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adverse toxic
toxic effect:
effect: clinical
clinical history,
history,smoking
smokinghabits
hab+
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AST,
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gamma-GT,
alkaline
phosphatase,
and
blood
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its + circulating AST, ALT, gamma-GT, alkaline phosphatase, and blood creatinine
levels.
All blood tests were performed using the high-standard automatic biochemistry
All blood tests were performed using the high-standard automatic biochemistry ananalyzers in laboratories successfully participating in nationwide quality control programs.
alyzers in laboratories successfully participating in nationwide quality control programs.
All the subjects had their 10-year individual CV risk score calculated according to
All the subjects had their 10-year individual CV risk score calculated according to the
the “Progetto Cuore” [11–14] at baseline and the end of follow-up (see the Supplementary
“Progetto Cuore” [11–14] at baseline and the end of follow-up (see the supplementary
Material, Table S1).
material, Table S1).
All parameters were measured at baseline (T-0) and after three (T-3) and six months
All parameters were measured at baseline (T-0) and after three (T-3) and six months
(T-6), respectively. Visceral fat was measured with Body Metrix BX2000, IntelaMetrix, Inc.
(T-6), respectively. Visceral fat was measured with Body Metrix BX2000, IntelaMetrix, Inc.
Brentwood, CA, USA), a validated instrument based on ultrasound technology, allowing
direct and immediate measurement of subcutaneous fat thickness to avoid inconvenient
and operator-dependent manual plication maneuvers [21].
During the study, all patients received a low-calorie diet (20–25% less than calories
required to maintain current weight) varying in percentages of proteins (10–20%), fat
(20–30%, saturated ones being less than 10%), and carbohydrates (50–60%, sucrose being
less than 5%). A specifically trained diet specialist prepared dietary regimens to manage
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overweight/obese people with T2DM to meet each patient’s wishes, tastes, and needs. All
subjects completed a daily logbook by recording food changes regarding prescriptions and
the number of daily tablets/sachets to verify adherence and any side effects throughout
the whole treatment period. Diet adherence allowed the rate of nutritional advice breaches
in excess carbohydrates and calories to be checked.
Treatment adherence was assessed by counting the missing pills (Metformin)/sachets
(PGR) from the drug packs used by the patients (>80% adherence to treatment being
accepted), and treatment undesirable effects were monitored through questionnaires completed by patients at the end of the study, as previously described (10). Patients were
encouraged to perform daily aerobic physical activity, e.g., walking, for at least 3 METs
(Metabolic Equivalent of Task).
The side effect logbook section consisted of ten dichotomic questions (yes/no) concerning gastrointestinal disorders. The diary mentioned above had been previously tested for
validity and reliability in a sample of 10 healthcare workers by verifying the concordance of
the answers given three times in two weeks by the same subject (mean concordance being
95 ± 5%), as previously described [22]. During follow-up, all patients received weekly
motivational phone support on diet, physical activity, and treatment adherence.
Statistical Analysis. Data are presented as mean values ± standard deviation (M ± SD).
Categorical variables are given as frequencies and percentages. Repeated measures ANOVA
was applied for intergroup and intragroup comparisons. p values < 0.05 were considered
statistically significant. All analyses were performed using the STATA software, version 14
(Stata-Corp LP, College Station, TX, USA).
3. Results
Seventy-two subjects from Group A and 70 from Group B completed the follow-up
(Table 1). Drop-outs occurred because of town change (three cases) or referral to closer
DCUs (five cases). Adherence to physical activity and diet was as high as 85% for nutritional
prescriptions on 89% of treatment days in all patients and did not differ between groups.
Similarly, 89% of subjects from the two groups were responsive to treatment, while in the
remaining 11% the parameters under study improved only slightly and non-significantly.
General side effects were mild and similar across groups, ranging between 1% and 3%,
and including drowsiness, acid regurgitation, post-prandial nausea/vomiting, itching,
headache, dizziness and/or fainting, cold sweat with/without hunger pangs, palpitations,
and tachycardia. However, gastrointestinal side effects were more frequent in Group B
than in Group A, including meteorism (3.5% vs. 20.6%; p < 0.05), flatulence (4.4% vs.
22.2%; p < 0.05), diarrhea (0% vs. 8.3%; p < 0.05), and long and tiring digestion (1.0% vs.
8.3%; p < 0.05). In general, side effects tended to resolve or decline spontaneously during
treatment. Slight percent variations in biochemical safety parameters were within the
reference range, ranging 0.2–0.5%, and were superimposable between groups during the
study period.
Table 1. Baseline clinically relevant parameters from all participants. As shown, no significant
differences were apparent between the two groups. Absolute, percent, or M ± SD values are reported,
as appropriate.

Subjects (n)
Male (n)
Age (year)
Waist circumference (cm)
BMI (kg/m2 )
Systolic Blood Pressure (mmHg)
Diastolic Blood Pressure (mmHg)
Heart rate (beats/min)

Group A
PGR

Group B
Metformin

p

75
35
64 ± 6
115 ± 11
35 ± 6
135.8 ± 12.4
83.4 ± 7.6
76.5 ± 6.6

75
34
64 ± 8
115 ± 10
35 ± 4
136.7 ± 11.5
82.8 ± 7.6
74.8 ± 9.1

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
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Table 1. Cont.

Fasting plasma glucose (mg/dL)
HbA1c (%)
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL-Cholesterol (mg/dL)
Triglycerides (mg/dL)
AST (UI/L)
ALT (UI/L)
γGT (UI/L)
Uric Acid (mg/dL)
Creatinine (mg/dL)

Group A
PGR

Group B
Metformin

p

189 ± 10.2
7.8 ± 0.9
231 ± 23
157 ± 16
35 ± 6
199 ± 28
32 ± 7
27 ± 9
27 ± 6
7.1 ± 1.4
0.8 ± 0.2

190 ± 9.9
7.8 ± 0.9
238 ± 25
155 ± 19
35 ± 5
203 ± 25
38 ± 7
28 ± 8
25 ± 8
7.3 ± 1.6
0.8 ± 0.1

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

100

100

-

24 ± 8
55
60
16
58

24 ± 5
55
62
15
59

n.s.
n.s.
n.s.
n.s.
n.s.

Cardio-vascular risk factors
Meeting diagnostic criteria for metabolic
syndrome (%)
Visceral fat (% of total body weight) (M ± SD)
Recent or current smokers (%)
Low HDL cholesterol concentrations (%)
Family history of premature heart disease (%)
Hypertension (%)

reference values: ≤80 cm for women and ≤90 cm for men. BMI = Body Mass Index; AST = Glutamic-oxaloacetic
transaminase; ALT = Aspartate-transferase transaminase; γGT = Gammaglutamyltransferase.

Table 1 reports general parameters of all participants, being virtually superimposable
between groups, especially in terms of gender and smoking habits. Because of this, we
refrained from classifying CVR scores based on those two conditions. Likewise, other CVR
factors, including % visceral fat, hypertension, and familial history of premature heart
disease, were similar in the two groups.
Table 2 reports parameters contributing to the individual 10-year CVR score as
recorded immediately before and six months after PGR or MET treatment onset. It clearly
shows that BMI, % visceral fat, fasting plasma glucose, HbA1c, and UA levels decreased
significantly (p < 0.05 to <0.001) in both groups (p < 0.01) (Figure 2). The opposite occurred
in the case of the lipid profile, which improved significantly in the PGR group while remaining unchanged in the MET group. Consequently, only the PGR group experienced a
significant decrease in the 10-y-CV-RS, which, conversely, remained virtually unchanged in
the MET group.
Table 2. Parameters contributing to the calculation of the individual risk of cardio-vascular events at
10 years, and inter-group and intra-group differences. Other metabolic parameters are reported.

Baseline
(T0)
Age (years)
Sex (M/F)
FPG (mg/dL) a
Smoking (n) b
SBP (1st) mmHg
SBP (2nd) mmHg
TC (mg/dL)
HDL-C (mg/dL)

62 ± 5
35/40
189 ± 10.2
58
135.8 ± 12.4
134.7 ± 10.6
231 ± 23
35 ± 6

Group A
PGR (n = 72)
End of
Follow-up
(T6)
62 ± 7
35/40
128 ± 13
58
129 ± 12
130 + 14
184 ± 11
44 ± 4

p
<0.01
n.s.
n.s.
n.s.
<0.01
<0.05

Group B
Metformin (n = 70)
End of
Baseline
Follow-up
(T0)
(T6)
62 ± 4
34/41
190 ± 9.9
55
136.7 ± 11.5
134.9 ± 10.3
238 ± 25
35 ± 5

62 ± 6
34/41
137 ± 11
55
130 ± 10
131 ± 09
224 ± 12
38 ± 6

p
<0.01
n.s.
n.s.
n.s.
n.s.
n.s.
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Table 2. Cont.

Baseline
(T0)
Hypertension (%) c
10-y-CV-RS
OTHER METABOLIC
PARAMETERS
BMI (kg/m2 )
Visceral fat (% of total body
weight) (M + SD)
HbA1c (%)
DBP (mmHg)
LDL-C (mg/dL)
Triglycerides (mg/dL)
Uric Acid (mg/dL)
eGFR (mL/min/1.73 m2 )

Group A
PGR (n = 72)
End of
Follow-up
(T6)

p

Group B
Metformin (n = 70)
End of
Baseline
Follow-up
(T0)
(T6)

p

56
31.4 ± 8.0

56
19.7 ± 5.2

<0.0001

59
32.2 ± 3.3

59
30.5 ± +8.7

n.s.

35 ± 6

28 ± 3

<0.01

35 ± 4

30 ± 3

<0.05

24 ± 8

14 ± 3

<0.01

24 ± 5

15 ± 9

<0.01

7.8 ± 0.9
83.4 ± 7.6
157 ± 16
199 ± 28
7.1 ± 1.4
89.5 ± 8.1

6.0 ± 1.4
79.5 ± 6.4
101.3 ± 2.5
148.7 ± 8.6
5.8 ± 2.2
88.5 ± 9.2

<0.001
n.s.
<0.01
<0.01
<0.01
n.s.

7.8 ± 0.9
82.8 ± 7.6
155 ± 12
203 ± 25
7.3 ± 1.6
87.9 ± 8.4

6.0 ± 1.1
78.5 ± 6.3
148.5 ± 7.4
189.4 ± 9.9
5.5 ± 2.1
88.6 ± 7.9

<0.001
n.s.
n.s.
n.s.
<0.01
n.s.

a

those with two fasting plasma glucose values in a row ≥126 mg/dL or already diagnosed as having diabetes;
“smoker” = who smokes regularly even a cigarette per day or has abstained from cigarettes for under 12 months;
c the presence of arterial hypertension is defined by anti-hypertensive drug prescription; At the end of follow-up
the Risk Score decrease was −37.26% in the PGR group vs. −17.7% in the MET group (p < 0.0001). 10-y-CV-RS
= 10-y Cardiovascular risk score; FPG = fasting plasma glucose; SBP = systolic blood pressure; DBP = diastolic8
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blood pressure; TC = total cholesterol; HDL-C = HDL cholesterol; LDL-C = LDL-cholesterol; eGFR = estimated
glomerular filtration rate.
b

8

PGR

Met

7.8
7.6
7.4
7.2
7
6.8
6.6
6.4
6.2

Baseline
T0 (baseline)

T3

T+3 T6

T+6

Figure2.2.Superimposable
SuperimposableHbA1c
HbA1c(%)
(%)changes
changes
between
treatment
groups
during
follow-up.
Figure
between
treatment
groups
during
follow-up.
(T +(T3 +vs.3
vs.
baseline
p
<
0.001;
T6
vs
both
T3
and
T0
(baseline)
p
<
0.001).
baseline p < 0.001; T6 vs both T3 and T0 (baseline) p < 0.001).

Table 3 refers to the Multivariate Cox Regression Analysis of all parameters contributing to the 10-y-CV-RS, including LDL-Cholesterol, BMI, Visceral fat, HbA1c, and Uric
Acid.
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Table 3 refers to the Multivariate Cox Regression Analysis of all parameters contributing
to the 10-y-CV-RS, including LDL-Cholesterol, BMI, Visceral fat, HbA1c, and Uric Acid.
Table 3. Multivariate Cox Regression Analysis of all parameters contributing to the Final 10-y-CV-RS
(10-y Cardiovascular risk score) in our population, and of all other parameters commonly involved in
CV risk (CVR). As expected, despite all being significantly associated with CVR increase, lipids and
visceral fat were even more so.
Hazard Ratio
Age (years)
Sex
Diabetes
Smoking habit (n)
T-Cl (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Triglycerides (mg/dL)
Hypertension/treatment (%)
BMI (kg/m2 )
Visceral fat (% of total body
weight) (M + SD)
Diabetology 2022, 3, FOR PEER REVIEW
HbA1c (%)
Uric Acid (mg/dL)

1.151
1.121
1.428
1.099
1.687
1.423
1.511
1.139
1.337
1.284

<0.01
<0.01
<0.001
<0.05
<0.0001
<0.001
<0.0001
<0.01
<0.001
<0.01

1.389

<0.001

1.376
1.099

<0.001
<0.05

9
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200 mg/dL: 57 subjects were below such cutoff at baseline vs. 11 a T6 in the PGR group,
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against the 66 at baseline vs. 62 a T6 recorded in the MET group. Moreover, the PGR group
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a significant risk decrease at baseline and even more so at T6 vs. the MET group,
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Figure 3. Individual 10-y-CV-RS (10-y Cardiovascular risk score) in the two treatment groups. The
final mean score in the PGR group was significantly lower than baseline (T0) and differed significantly from final and baseline ones in the MET group (p < 0.0001).
Diabetology 2022, 3

HDL-C followed a similar improving trend, as shown in Figure 4 and Supplementary323
Figure S1.

Figure 4. Individual 10-y-CV-RS changes based on related Total Cholesterol levels (≥ or < 200 mg/dL).
Differences between T0 (baseline) and T6 (end of follow-up): PGR p < 0.01; MET p n.s.

4. Discussion
MS is independently associated with an increased risk of incident cardiovascular
morbidity and mortality in the European population. In clinical practice, a more informed
assessment can come from the number of individual risk factors involved [23]. Its prevalence is still debated due to different diagnostic criteria, target populations, and clinical
settings. According to the criteria of the Adult Treatment Panel (ATP) III definition [24], in a
study from Middle Italy GP databases [25], MS was present in 1456 (33.0%) out of 4513 outpatients. There is no universal therapeutic option for MS, especially when associated with
T2DM, as different risk factors characterizing an individual specific clinical picture have to
be addressed each time. Many strategies have been used so far worldwide, involving different agents classified as inorganic/organic/pharmaceutical. The inorganic ones include
zinc complexes with garlic derivatives as insulin-mimetics; selenium as an antioxidant; and
copper, zinc, and manganese as microcomponents of antioxidant enzymes. An organic
agent, i.e., glycine, has proved helpful against high blood pressure, hypertriglyceridemia,
lipid oxidation, and visceral fat accretion in sucrose-fed rats. Widely used pharmaceutical
products include fibrates, lipid- and glucose-lowering drugs, anti-gout agents, antioxidants,
and omega-3-oils (fish oils). Finally, despite being less effective than drugs, frequently used
antioxidant and lipid-lowering plant derivatives include digitalis pupurea (a century-old
cardiovascular medication), magnolia officinalis, spirulina maxima, prickly pear cactus
(Opuntia), ficus-indica, and cochlospermum vitifolium [26].
We would also like to stress another finding from our previous paper [10], i.e., that PGR,
a new macromolecule complex based on polysaccharides slowing the down absorption
rates of carbohydrates and fats, is non-inferior to metformin against insulin-resistance and
high HbA1c or fasting blood glucose levels, and—opposed to metformin—significantly
reduces blood lipids in adult subjects with MS and/or T2DM (10).
Guidelines for cardiovascular disease (CVD) prevention recommend using risk scores
to identify adults at high CVD risk expected to benefit the most from preventive therapy.
Several scoring systems exist to help clinicians assess related 10-year risk, the Framingham
Score being the most widely used among them [27,28].
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Framingham Study researchers [28] also proposed a new model for use in the primary
care setting, clearly differentiated by gender. This “reclassification” of CVR was based on
three sound ideas: first, it was easier to use four parameters recognized as the main risk
factors (RF) in cardiovascular epidemiology, i.e., cholesterol, blood pressure (BP), diabetes
mellitus, and smoking; second, the model could predict all CVD events [coronary heart
disease (CHD), cerebrovascular events (CVE), peripheral arterial disease (PAD) and heart
failure (HF)], and provided physicians with calibration factors for each entity of interest;
and third, it included the concept of vascular or heart age, as calculated from the model.
Moreover, according to the 2009 Canadian Cholesterol Guidelines [29], despite all
cardiovascular risk assessment calculators being defective per se, the Framingham Risk
Score (FRS) is recommended for total CVD anticipation. It was validated in Canada with the
Cardiovascular Life Expectancy Model and increased adherence to therapeutic measures.
However, the FRS underestimates the risk in specific patients, including young, female
subjects and those with MS.
By adding just two measurements to the Framingham model (a family history of
premature CHD and elevated highly-sensitive C-reactive protein levels [+hsCRP]), the
Reynolds Risk Score (RRS) seemed to improve the physician’s CVD risk prediction ability
further, particularly for people previously classified as those at moderate risk, and was
validated in men and women in the American population [30,31]. However, neither the
FRS nor the RRS may be appropriate to Southern Europe or Mediterranean populations,
whose CVD prevalence is lower than observed in the ones from Northern, Central, and
Eastern Europe [31]. A simple risk score algorithm was developed and validated within
the CUORE project [11–14] to fill such a gap by assessing the individual probability of
undergoing a major cardiovascular event (myocardial infarction or stroke) over the next
ten years in the Italian population. It requires information concerning eight risk factors,
including sex, age, presence of diabetes or need for antihypertensive treatment, smoking
habits, systolic blood pressure, TC, and HDL-C. Interestingly, the score provides a more
accurate assessment than risk cards produced by the Italian Institute of Health (ISS) under
the same CUORE Project [32].
Besides confirming superimposable PGR and MET effects on glucose levels, our results
offer inspiration for a role of PGR against individual 10-year risk for heart or brain ischemic
events through the improvement in lipid parameters already shown in adult people with
MS [10] and in obese children [5,6,8].
Despite pathophysiological mechanisms underlying the cardio-protective role of metformin in T2DM remaining controversial, a recent meta-analysis [33,34] confirms: (i) the
anti-inflammatory and antioxidative properties of metformin might also indirectly improve endothelial function; (ii) experimental and clinical data suggest direct effects on
cardiac metabolism, structure, and function; (iii) clinical trials indicate a protective effect of
metformin on both coronary events and progression to heart failure.
Since then, all guidelines have considered MET as the first-step treatment choice,
together with diet and physical activity, in T2DM. At present, this approach is debated;
therefore 2019 ESC/EASD guidelines [35] suggest Sodium-glucose Cotransporter-2 Inhibitors (SGLT-2is) and Glucagon-like peptide-1 receptor agonists (GLP1-RAs) as first-line
options per se or equally to MET in patients at very high CVR. Indeed, PGR appears to be
a viable stand-alone solution against combined MS glucose and lipid metabolism defects
based on the more pronounced effects on the 10-y-CV-RS than MET at a much lower rate
and intensity of troublesome gastrointestinal symptoms eventually responsible for poor
treatment adherence [10]. Moreover, we would also like to stress another finding from our
paper, i.e., the PGR-related visceral fat redistribution—which contributes to the observed
10-y-CV-RS reduction—as one of high relevance for patients with MS.
Therefore, PGR could represent a suitable alternative to MET as a first-line treatment option, especially now that an ever-increasing number of people prefer natural
products based on plant extracts. This is especially the case given that, besides trying
to avoid gastrointestinal side-effects as much as possible, patients might be sensitive to
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ecotoxicology-related problems involving plants and animals caused by the worldwide
spread of environmental MET metabolites [36].
5. Limitations
Despite being aware of the relatively small number of subjects analyzed, we are
confident that our findings, being perfectly in line with those previously reported by our
and other groups, provide the scientific community with original and helpful information
on how to safely and efficiently treat Metabolic Syndrome associated with overt diabetes.
Further studies are needed involving a larger number of subjects to confirm our results.
Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diabetology3020022/s1, Figure S1: 10-y-CV-RS changes based on
related HDL-Cholesterol level (≥ or <40 mg/dL, cut-off arbitrarily chosen independently of gender),
Table S1: Interpretation of the CV risk score.
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