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  Abstract

Word count: 337

 

Introduction: Metabolic syndrome(MS) has become a global threat, primarily associated with a western lifestyle and obesity, with
increasing incidence in children and adolescents. MS diagnosis is established when central obesity is combined with hyperlipidemia,
hyperglycemia and hypertension. MS patients often develop non-alcoholic fatty liver disease and type-2 diabetes mellitus(T2DM),
increasing morbidity and mortality. Thus, any effort leading to MS prevention and treatment meets an urgent unmet need for
public health. At present, no drugs have been licensed specifically for MS. The only approved intervention for MS is diet and physical
activity, but it is associated with a high dropout rate, especially in children and adolescents. Therefore, current management is
based on different drug classes to control each metabolic abnormality, thus increasing the risk of adverse events. Furthermore,
co-medication may be problematic in young patients. Policaptil Gel Retard(PGR), an oral polysaccharide-based complex of natural
substances, has been demonstrated to significantly reduce body weight, peak blood glucose, insulin and lipid levels, providing an
interesting non-pharmacological therapeutic option for MS-associated metabolic derangements, especially in younger age.
Aims: to review available studies on PGR use in children, adolescents or adults with obesity or MS.
Methods: we performed a systematic search of electronic databases for PGR and MS. A total of six studies were found and included.
Results: Across four randomized and one retrospective clinical studies including obese children and adolescents with or without MS
and overweight/obese adults with or without MS and T2DM, a single dose of PGR induced a reduction of appetite and postprandial
triglycerides in younger age patients and of postprandial peak blood glucose in adults, whereas decreased lipid levels in adults
receiving PGR for 30 days as add-on to normo-caloric diet. In long-term treatment on top of low-glycemic index diet with or
without metformin, PGR reduced body mass index,improved insulin sensitivity and circulating lipid profile, irrespective of age. No
safety issues were reported.
Conclusions:  Policaptil gel retard represents an effective and safe non-pharmacological approach to improve therapeutic strategy
of MS-associated CV risk factors in children, adolescents and adults.

   

  Contribution to the field

In this brief, but comprehensive, mini-review we browsed through the available published literature on the effects of a
non-pharmacological polysaccharide-based complex of natural substances (Polycaptyil Gel Retard; PGR) that has been orally
administered in patients with obesity and/or Metabolic Syndrome (MS) and demonstrated to be capable of reducing body weight,
counteracting the key disfunction beyond MS components, i.e. the insulin resistance, and decreasing lipid levels. Moreover,
metabolic derangements in such patients were reduced by PGR in a manner that was statically significant as compared to control
treatments, and consistent among retrieved studies
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Abstract 
 
Introduction: Metabolic syndrome(MS) has become a global threat, primarily associated with a 

western lifestyle and obesity, with increasing incidence in children and adolescents. MS diagnosis 

is established when central obesity is combined with hyperlipidemia, hyperglycemia and 

hypertension. MS patients often develop non-alcoholic fatty liver disease and type-2 diabetes 

mellitus(T2DM), increasing morbidity and mortality. Thus, any effort leading to MS prevention and 

treatment meets an urgent unmet need for public health. At present, no drugs have been licensed 

specifically for MS. The only approved intervention for MS is diet and physical activity, but it is 

associated with a high dropout rate, especially in children and adolescents. Therefore, current 

management is based on different drug classes to control each metabolic abnormality, thus 

increasing the risk of adverse events. Furthermore, co-medication may be problematic in young 

patients. Policaptil Gel Retard(PGR), an oral polysaccharide-based complex of natural substances, 

has been demonstrated to significantly reduce body weight, peak blood glucose, insulin and lipid 

levels, providing an interesting non-pharmacological therapeutic option for MS-associated 

metabolic derangements, especially in younger age.  

Aims: to review available studies on PGR use in children, adolescents or adults with obesity or MS. 

Methods: we performed a systematic search of electronic databases for PGR and MS. A total of six 

studies were found and included. 

Results: Across four randomized and one retrospective clinical studies including obese children 

and adolescents with or without MS and overweight/obese adults with or without MS and T2DM, 

a single dose of PGR induced a reduction of appetite and postprandial triglycerides in younger age 

patients and of postprandial peak blood glucose in adults, whereas decreased lipid levels in adults 

receiving PGR for 30 days as add-on to normo-caloric diet. In long-term treatment on top of low-

glycemic index diet with or without metformin, PGR reduced body mass index,improved insulin 

sensitivity and circulating lipid profile, irrespective of age. No safety issues were reported. 

Conclusions:  Policaptil gel retard represents an effective and safe non-pharmacological approach 

to improve therapeutic strategy of MS-associated CV risk factors in children, adolescents and 

adults. 
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Introduction 
 

Metabolic Syndrome (MS) is a clinical condition defined by a clusterof risk factors for 

cardiovascular diseases (i.e., visceral obesity, hypertension, dyslipidemia, and hyperglycemia or 

diabetes) (1, 2). The reason for describing these as a syndrome rather than individually is that they 

appear to share pathophysiological mechanism(s) having overweight and insulin resistance 

common upstream key alterations (3-5). Current diagnostic criteria for MS were defined in 2007 

and 2009 by the International Diabetes Federation for children, adolescents, and adults, 

respectively, and identify obesity (particularly visceral obesity) as the primary necessary criterion 

(waist circumference ≥ 95 cm in adult men or  ≥ 80 cm in adult women)  associated with at least 2 

of the additional criteria: triglycerides ≥ 150 mg/dL; HDL cholesterol ≤ 40 md/dL in men or ≤50 

mg/dL in women (or ongoing lipid-lowering treatment); systolic blood pressure ≥130 mmHg or 

diastolic blood pressure ≥ 85 mmHg (or ongoing anti-hypertensive treatment); fasting blood 

glucose ≥ 100 mg/dL (6). In children and adolescents, due to substantial changes in body mass 

index (BMI) during growth age, visceral obesity is defined by a waist circumference exceeding the 

89th percentile for age (7). Moreover, MS associates closely with other pathophysiologically-

related metabolic diseases like non-alcoholic fatty liver disease (NAFLD), which - as a consequence 

of that - some experts proposed to rename as “Metabolic Associated Fatty Liver Disease” (MAFLD) 

and, indeed, is a major risk factor for liver-related morbidity and mortality (8). The “western 

lifestyle” and diet underlies MS, obesity, and later on T2DM that increasehealth care burden and 

costs  (8, 9). Moreover  obesity and MS are progressively becoming “epidemic” among younger 

age groups. Besides getting particularly worrisome in high-income settings, its prevalence in 

childhood and adolescence is also growing in developing countries (10-12). These challenges 

demand for an effective therapy of MS to prevent the emergence of CVD and liver-related 

morbidity and mortality (13). Dietary and general lifestyle interventions often need to be 

combined with specific drugs to control single factors such as hypercholesterolemia, 

hyperglycemia, hypertension associated within MS (12, 14-16). One of the most used drug is the 

insulin sensitizing agent Metformin (MTF). The use of Metformin is not advised before an overt 

T2DM has been diagnosed and should be avoided, particularly in younger ages(17-19).  

Policaptil Gel Retard  (European patent no. 1679009, PGR) is a natural molecular complex of 

medicinal plant functional constituents, selected on the basis of the emerging behavior (i.e., the 

behavior acquired by the final complex when its components are pooled together) in order to 

generate a final system displaying enhanced water binding and swelling capacity. This complex is 

obtained by combining different types of dietary fibers (from polysaccharides-enriched plant 

extracts) and suitably processed raw materials, including glucomannan (from Amorphophallus 
konjac) (20, 21), cellulose (from Opuntia ficus indica), chicory root (Cichorium intybus)(22, 23) and 

mucilage (from Althaea officinalis, Linum usitatissimum, Tilia platyphyllos Scop)(24). In the 

gastrointestinal tract, this complex acts as an active, non-pharmacological system which in vitro 

and in experimental animal models has proved to reduce the availability of dietary components to 

both the microbiota and absorbing epithelial cells (25).  
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Aims 
This mini-review aimed at analyzing studies on the activity, efficacy, and safety of PGR in children, 

adolescents or adult subjects with obesity or MS, including data obtained in an animal model 

study supporting its mechanisms of action. 

 

Methods 

We searched the literature through the most relevant electronic databases (MEDLINE, SCOPUS, 

EMBASE, PubMed, World of Science, CrossRef) by entering Policaptil Gel Retard (PGR) as the 

keyword. A total of 5 clinical studies, of which 4 papers in extenso, were retrieved and selected for 

inclusion in this mini-review. Statistical analysis: we reviewed the papers, whose results we then 

extracted and summarized into tables and figures besides performing a forest plot analysis to 

highlight the most critical changes in explored metabolic parameters, by using RevManager 5.4 for 

MacOs (Review Manager (RevMan) [Computer program]. Version 5.4, The Cochrane Collaboration, 

2020). 

 
Results  
Among clinical studies, one was on the short-term effect (within 4 hours) of PGR on glucose 

balance in obese children, two dealt with the efficacy and safety of PGR in children/adolescents 

with obesity or MS, and two (one abstract and one paper in-extenso) were on adults with 

overweight, obesity, MS or T2DM as summarized on Table 1. All the most important parameters 

evaluated in the long-term studies (Stagi 2015, Stagi 2017 and Guarino 2021) are summarized in 

Figure 1 and 2. In particular, in Figure 2 a forest plot analysis shows a significant mean estimate 

difference in favor of PGR vs. control treatments for these outcome measures, i.e., BMI-SDS, 

HOMA-IR, total cholesterol, HDL, LDL and Triglycerides, when the individual studies are combined 

and averaged together. 

We will focus on the clinical studies, grouping them according to the age of the subjects, however 

we will provide a comprehensive description of the preclinical study as well 

 

Studies in children and adolescents  
In a controlled clinical study  Stagi et al. evaluated PGR effects on 133 obese (defined as BMI over 

the 95th percentile) children and adolescents with a family history of obesity and T2DM. These 

subjects were randomized to three different arms (26): a low-glycemic index (LGI) diet and PGR, an 

LGI diet only and a 30%-energy-restricted diet (ERD) compared to individually measured daily 

energy requirements, for one year. Baseline and one-year laboratory measurements and 

anthropometric data were compared among the study arms.  A significant decrease in BMI 

(converted to standard deviation scores, SDS, to normalize for chronological age) was achieved both 

in LGI+PGR and LGI-only arms as compared to baseline (p<0.0005 and p<0.05, respectively), 

however BMI decreased significantly in PGR- treated patients as compared to LGI-only arm (p<0.05). 

In the LGI+PGR arm, glycosylated hemoglobin (HbA1c), HOMA-IR, insulinogenic and disposition 

index, significantly improved after one year, while only HOMA-IR and disposition index slightly 

improved in the LGI-diet group. The other metabolic parameters are summarized in Figs. 1 and 2. In 

particular, total cholesterol levels improved in all arms with a more significant reduction in LGI+PGR 
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arm (p<0.0005) than in the other two arms (p<0.05), whereas triglycerides and LDL-cholesterol were 

not affected by none of the treatments. Moreover, the addition of PGR and to LGI diet significantly 

reduced the occurrence of Acanthosis nigricans, a cutaneous hyperpigmentation of the skin, often 

localized at the body folds and forehead, that has been related to insulin resistance and 

hyperinsulinemia(27). 

The long-term effects of PGR were also investigated in 129 obese children and adolescents with 

MS followed for 24 months in an observational retrospective study analyzing three cohorts of 

patients to evaluate PGR added to Metformin (MTF), both as add-on to lifestyle intervention [34]. 

All patients were administered Metformin (at a dosage progressively increased according to a 

prespecified algorithm until reaching the maximum daily dose of 1500 mg, after 4 weeks) for 12 

months then 71 patients voluntarily started PGR as an add-on treatment, whereas 58 patients 

continued on MTF alone. Both groups followed an LGI diet. The two groups were compared with 

an historical control cohort consisting of 51 age-, sex- and BMI-matched subjects with obesity and 

MS on LGI diet only. The same selection criteria were applied for patient inclusion in all groups, 

which did not differ significantly in auxological and metabolic terms at baseline. Compared to 

controls,  over the first 12 months, MTF-treated patients displayed a significant reduction in BMI-

SDS, waist-SDS, HbA1c, and a significant increase in Matsuda Index, i.e., the index of insulin 

sensitivity calculated from the oral glucose tolerance test (OGTT)(28). Moreover, after the 

following 12 months, combined MTF+PGR treatment significantly improved BMI-SDS, waist-SDS, 

HOMA-IR, HbA1c, total cholesterol, HDL and LDL, as well as Matsuda, insulinogenic and disposition 

index, as compared to MTF only and Controls. Since no significant differences between MTF and 

control group were observed from 12th to 24th month for numerous analytical metabolic 

parameters, i.e., HOMA-IR, Matsuda, insulinogenic and disposition index, total and LDL 

cholesterol, adding-on PGR significantly extended and potentiated the positive effects of MTF 

treatment, allowing a further significant improvement of adiposity parameters to be associated to 

a significant reduction of glucose-insulin and lipid alterations.  Of note, aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) mean values that were mildly elevated 

in all groups both at baseline and 12 months, showed a significant decrease in the MTF+PGR group 

respectively as compared to controls (AST) and to both MTF and Controls (ALT). In particular, in 

these latter groups their mean values remained substantially unchanged. As opposite, after PGR 

treatment, ALT mean values returned within normal range and AST values were slightly over the 

upper normal limit. 

This study also reports safety and adherence data. In particular, during the first 12 months of MTF 

only, adverse events (AE) were reported in 20.1% of cases (hypoglycemia 2.3%; diarrhea 6.2%; 

constipation 2.3%, flatulence 4.6%, abdominal pain 7.0%). Those symptoms were reduced or 

eliminated after a dose reduction of MTF with no need to interrupt MTF. Upon PGR addition from 

12 to 24 months, in 16.9% AE occurred (hypoglycemia 2.8%; diarrhea 5.6%; flatulence 2.8%; 

abdominal pain 5.6%), similarly to what above reported in MTF only group. Comparable 

percentages of AE were also observed in MTF only group from 12 to 24 months, except for 

abdominal pain, whose frequency was equal to 8.6%. No Serious AE were reported. The 

adherence to PGR was 91%. 
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A short-term randomized, double-blind, placebo-controlled trial investigated postprandial 

modifications of the metabolic status and appetite in 46 obese children (20).  At baseline and at 

selected intervals over four hours following a test mixed meal (15 kCal/kg of lean body mass) 

consumed 20 minutes after PGR or placebo,  the following parameters were measured: blood 

levels of lipids (triglycerides and non-esterified fatty acids - NEFA), glucose, insulin, ghrelin and 

glucagon like peptide-1 (GLP-1), as well as the appetite level measured through an analog visual 

scale simplified for children(29). The incremental Areas Under the Curve (iAUCs) of each 

metabolite and hormone were compared. Triglycerides’ increase was significantly lower in the 

PGR group as compared to placebo. NEFA decreased similarly in both groups. Ghrelin iAUC was 

significantly lower after PGR intake than placebo. Glucose, GLP-1, and Insulin increased similarly in 

PGR and placebo while the appetite score was significantly lower in the PGR group. Thus, PGR 

effectively restrained the increase of postprandial triglycerides and reduced the appetite shortly 

after a mixed meal, which was very likely due to increased reduction of the “hunger hormone” 

ghrelin (30).  

Thus, data in children and adolescents demonstrated a positive short-term (i.e., immediately 

following the administration) effect of PGR on lipid metabolism and appetite in obese children as 

compared to placebo.   

On long term, PGR on top of LGI diet in obese children and adolescents at high risk for MS 

development, induced a significantly higher weight loss and a significant increase of insulin 

sensitivity as compared to each diet alone. Moreover, in obese children and adolescents with 

established MS, PGR enhanced the positive effects of MTF on adiposity parameters and 

significantly improved glucose-insulin parameters and lipid profile as compared to patients who 

either added-on MFT to LGI diet or not. 

 

Studies in adults 

A first study in adult subjects was reported as abstract (31) and reported preliminary data of a 

randomized, double-blind, placebo-controlled clinical trial on 63 normoglycemic overweight or 

mild obese subjects following a balanced normo-caloric diet and a regular physical activity 

program, who were treated with PGR or placebo for 30 days. In addition to change of 

anthropometric and postprandial lipid profile data after 30 days, the postprandial blood glucose 

variation was studied after a single dose of PGR or placebo. In single-dose assessment, PGR 

treated patients exhibited a statistically significant postprandial blood glucose profile 

improvement without any differences in fasting parameters. After 30 days, a similar reduction in 

postprandial HDL cholesterol was found in all patients, while only PGR group showed a significant 

reduction, as compared to baseline, of LDL cholesterol levels both fasting and at all postprandial 

time points. As for adiposity parameters, both groups showed a significant reduction in body 

weight, waist and hip circumference compared to baseline, with slight differences between 

treatment groups at this early time point.  

In a recent single-blind, randomized trial, 100 adult patients with MS and T2DM were randomized 

to PGR or MTF for 6 months as an add-on therapy to background lifestyle intervention (i.e., LGI 

hypocaloric diet) (32). MTF was administered at the daily dose of 1500-2000 mg. Serum lipids, 

anthropometry, glucose-insulin metabolism alterations and safety/tolerability were evaluated at 
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baseline and at 6 months. A similar significant reduction in BMI, waist circumference and visceral 

fat percentage, HbA1c, C-peptide, fasting plasma glucose and HOMA-IR was observed in the two 

groups, while a significant higher decrease in all serum lipid parameters was observed in the PGR 

group as compared to MTF. No serious AE were reported in both groups. Mild nonspecific AE (such 

as drowsiness, regurgitation, headache, dizziness, etc.) were reported in both groups in a few 

cases. However, significantly more gastrointestinal AE were reported in the MTF group: meteorism 

(PGR n=3 vs. MTF n=19), flatulence (n=5 vs. n=21), diarrhea (n=0 vs. n=5), long and tiring digestion 

(n=1 vs. n=7). 

According to these studies, in overweight or mild obese adults, PGR treatment positively affects 

postprandial blood glucose and reduced cholesterol levels as early as 1 month after treatment. 

Over a 6-month treatment period, in obese adults with T2DM and MS, the positive effects 

exhibited by PGR on glucose-insulin alteration control were comparable to those from MTF and 

even better were those on lipid levels. 

 
The Preclinical study 
The only animal model study(25) evaluated the efficacy of PGR in counteracting weight gain and 

insulin resistance in a high-fat diet (HFD) mouse model and assess mechanisms underlying the 

favorable metabolic outcomes occurring in vivo after PGR. Two experimental protocols were used. 

In the first one, mice were fed either a regular diet (RD) or an HFD plus PGR or vehicle (placebo) 

for two weeks. Opposite to those on placebo, PGR-treated HFD-fed mice displayed complete 

protection against weight gain.  Moreover, since chosen mouse strain (i.e., C57BL/6) 

characteristically develops marked glucose intolerance and compromised insulin response as early 

as within one week of HFD diet, an oral glucose tolerance test (OGTT) was performed. 15 and 30 

minutes after glucose load, PGR-treated HFD mice displayed as high a blood glucose peak as the 

one experienced by vehicle-treated HFD mice but soon reverted to baseline at 60’, thus showing 

an area under curve comparable to that of RD-fed mice. The second protocol investigated the 

ability of PGR to stop or reverse body weight gain in overweight mice by feeding animals an HFD 

or an RD for four weeks and randomizing both groups to receive PGR or vehicle starting from week 

3. During the last two weeks, control HFD mice continued to gain weight (6% increase), whereas 

those receiving PGR started losing weight (2% decrease at week 4). Also, OGTT and insulin 

tolerance test (ITT) improved only in the latter group. In the same study, to explore the hypothesis 

that PGR could induce a specific hepatic gene expression signature, the authors investigated the 

circadian expression of liver genes through RNA-seq analysis in mice fed an HFD for six weeks and 

receiving PGR or vehicle in the last two weeks. Gene expression and subsequent functional 

enrichment analysis showed PGR to reverse disrupted expression of several lipid metabolism-

related transcription factors (TF), such as PPAR-gamma and SREBP. In particular, PGR treatment 

downregulated genes involved in lipid storage and induced genes involved in insulin sensitivity, as 

reflected by the normalization (i.e., comparable to RD-fed mice) of glycogen and triglyceride 

content in PGR-treated mice liver. Furthermore, in HFD-fed mice, they demonstrated an impaired 

expression of Insulin-like growth factor binding protein 2 (IGFBP2), a protein essential to insulin 

action and sensitivity, which was “rescued” (i.e., improved again) after PGR administration.  
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By analyzing experimental animal gut microbiota (GM) composition through 16s rRNA sequencing, 

the authors also found a shift towards Firmicutes enrichment and Bacteroidetes depletion in HFD 

mice, a known effect of increased HFD-driven lipid accumulation [30-32]. On the opposite, PGR-

treated mice displayed a GM composition modulation that could lead to decreased energy harvest 

from diet. 

Finally, to verify whether PGR effects depend on the availability of dietary components in the gut, 

the authors evaluated nutrient stool excretion.  

The feces from each animal were collected the day before the experiment start (Day 0), as well as 

on the first (Day 1) and seventh (Day 7) treatment day and analyzed for carbohydrate and lipid 

amounts. PGR treated animals displayed a significant increase in lipid and carbohydrate fecal 

release on Day 7, compared to control HFD mice.  

In conclusion, PGR achieved remarkable, beneficial effects on metabolic dysfunctions caused by 

consumption of HFD. The mechanisms by which such effects are obtained, 

despite being originated by sequestering, therefore non-pharmacological events elicited in the gut 

lumen, revealed to be profound, involving a key insulin-responsive organ, and thus of systemic 

nature (25). 
 
Discussion  
The available evidence indicates PGR as an effective treatment in the clinical management of 

patients with obesity with or without established MS, across different ages. It shows its greater 

benefit and tolerability when diabetes is also present, in whose patients the same level of control 

of glucose-insulin metabolism alterations of the standard of care (MTF) was obtained coupled with 

significant higher lipid-lowering effects.  

Altogether, the available clinical study results indicate that PGR, despite not having a 

pharmacological action, still improves MS abnormalities. This seems to be due to a “systemic” 

metabolic health-promoting effect that, moving from reduced availability of carbohydrates and 

lipids both for the gut epithelia and microbiota, positively modulates the impaired “axis” 

composed by gut and insulin responsive and energetic metabolism organs, thus counteracting 

weight gain and insulin resistance, as well as improving lipid metabolism. The biological plausibility 

of this “systemic” effect is supported by data from the animal model study aimed to evaluate the 

efficacy of PGR in counteracting high-fat diet (HFD) induced weight gain and insulin resistance and 

to assess mechanisms underlying the favorable metabolic outcomes occurring in vivo after PGR 

intake (25). In that study, after performing several different experimental series, PGR proved 

effective both in preventing and treating different experimentally induced alterations resembling 

typical MS , and the observed favorable outcomes, including the hepatic “rewiring” of energy 

metabolism, were attributable to macronutrients sequestering exerted by PGR in the gut and to 

consensual gut microbiota modulation (25). This is in keeping with the body of experimental 

insights that have progressively strengthened the evidence that our microbiota is involved in the 

development of metabolic dysfunction. In the study by Greco and co-workers (25), the ability of 

PGR to rescue HFD mice from body weight gain and insulin resistance onset was coupled with the 

reversion of diet-induced changes in the expression of genes involved in glucose and lipid 

metabolism such that, despite the high-fat diet, their liver expression profile was similar to that of 
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animals on a normal diet. In addition, PGR treatment partially restored the HFD-induced increase 

in the abundance of species belonging to Firmicutes Philum, that have been shown to promote the 

absorption of dietary fats in the gut (33). This is consistent with important studies on the 

relationship of the intestinal microbiome with obesity uncovering profound changes in the 

composition and metabolic function of the gut microbiota in obese subjects, which appear to 

enable the “obese microbiota” to extract more energy from the diet (34-37). Moreover, these 

studies have demonstrated additional interaction mechanisms with the host, including direct 

interaction with host epithelial cells, allowing the gut microbiota to control energy expenditure 

and storage (33, 38). Thus, it is likely that the observed clinical benefit of PGR is attributable to the 

combined capacity of subtracting energetic dietary components to intestinal adsorption and, 

under the shift of substrates available, that are enriched in dietary fibers, of modulating the 

composition and function of the gut microbiota in a way that influences energy harvest from diet 

and host adiposity (Figure 3).  

This combined capacity fits with the reported short- and long-term positive treatment outcomes. 

The “immediate” effect of PGR on glucose bioavailability demonstrated in the animal study was in 

part confirmed in the human studies on short-term effects of PGR administration (Belligoli et al. 

(31)and Fornari et al (20)) both in adults and children. In the randomized, controlled trial 

evaluating single-dose effects of PGR in obese children (20), even if triglycerides bioavailability was 

significantly reduced in the PGR group as compared to placebo, glucose and Insulin increased 

similarly in both groups.  According to the authors, several reasons could account for the lack of 

effect on post-prandial glucose and insulin levels, including the following: the mixed meal 

administered in their study provided a lower amount of glucose and had a lower glycemic index 

compared to the glucose load provided in the OGTT performed in prior studies by Stagi et al.; the 

improvement of glucose-insulin metabolism reported by those studies may have been due to the 

PGR effect on the amelioration of anthropometric parameters over the long-duration treatment 

period. On the other hand, the metabolic phenotype reversing effects over weeks of PGR 

observed in animals with established overweight, glucose-insulin and lipid metabolism 

abnormalities, found a confirmation with similar effects demonstrated in the long-term studies in 

obese children and adults with and without T2DM or MS, even when compared with MTF (26, 39). 

On this last point, particularly interesting is the demonstration (32), of the ability of PGR, unlike 

MTF, to achieve multiple favorable metabolic outcomes in adult patients with MS and T2DM: a 

result resembling that otherwise obtained with a pharmacological polytherapy. In these patients,  

PGR displayed a significantly superior lipid-lowering capacity and a similar insulin sensitizing 

efficacy as compared to MTF. To this regard, it could be speculated that the above mentioned 

“systemic action” of PGR, targeting behavior-induced fundamental derangements of gut-liver axis 

underlying metabolic dysfunction development, was the driver of such a beneficial effect.  

Currently, MS affects approximately 20–25% of the world’s adult population in developed and 

developing countries (40). In recent years, with growing rates of obesity in children and 

adolescents, MS is increasingly appearing in the pediatric population. Furthermore, as suggested 

by the retrospective study by Stagi et al., MAFLD is probably present more frequently than what 

available studies may inform, even in patients not fulfilling current criteria for MS. For instance, a 
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cross-sectional study evaluating the prevalence of comorbidities in school-age children with 

obesity found elevated liver transaminase levels in 54% of subjects (41).  

Even though lifestyle changes may produce significant weight reduction, the long-term efficacy of 

lifestyle intervention programs on BMI and related metabolic dysfunctions is questionable, 

especially in children and adolescents, given the high dropouts from diet programs and the 

frequent relapse of obesity of these patients(42). For this reason, adding a drug, primarily MTF, to 

lifestyle interventions has been studied in clinical trials, especially in children and adolescents, and 

is often considered in clinical practice (42-44). 

Therefore, the high and increasing prevalence and the chronic nature of body weight excess and 

related MS components explain the importance of using effective therapies by closely considering 

the tolerability and risk of available treatment strategies. Safety data are available from 2 studies 

(Stagi 2017 and Guarino 2021). They demonstrated that PGR was very well tolerated both in 

children/adolescents and adults, either with obesity/MS or T2DM, also for a long period, with a 

subsequent good adherence (32, 39).  

At present, the clinical experience with PGR has the limitation of low number of studies (5 in 

total); therefore, more clinical studies will be needed to confirm and expand the positive results 

reported so far. However, the positive metabolic effects are consistent among those studies, 

despite their considerable differences in design and patient types. Moreover, the fact that the 

clinical data included in this review, with one exception, are from interventional studies deserves 

careful consideration, as most patients were studied within an “ideal setting”, where dietary 

counseling (and the subsequent patient’s adherence to the prescribed diet) is strongly pursued. 

Therefore, it is conceivable that, in a real-life setting, the results attainable by a “diet-only” 

approach could be more modest, particularly in the long term. Finally, as already highlighted, we 

must consider that in the pediatric and adolescent populations as the ones included in these 

studies, a pharmacological approach should be carefully evaluated because of the possibility of 

continuous administration for a very long period. In this context, PGR represents a valid and safe 

option for a non-pharmacological treatment, especially in the long-term.  

Lastly, a note of mention deserves the controversial environmental effect of MTF. In fact, because 

of its widespread use, MTF enters in large quantity into the environment, where it is transformed 

in part into an active contaminant: guanylurea. Both MTF and guanylurea are detected in 

wastewater treatment plants, influents, effluents and surface waters, being able to accumulate in 

edible plants species, mussels and fish where they act as an endocrine disruptor (able to induce 

intersex and reduction of reproductive rate) and contribute to human food contamination (45, 

46). This raises further concerns with respect to the hypothetical increased use of MTF for a very 

common condition such as obesity orMS, where its usage would be even off-label. 

In conclusion, PGR was effective in the treatment of obesity and associated metabolic 

abnormalities in children or adults and even after diabetes onset, thus providing a non-

pharmacological option with a favorable risk-to-benefit profile for clinical management of major 

metabolic derangements in these patients. 
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Table 1: Main characteristics of the clinical studies included in the present review 

 

Name, 
year Subjects of study Setting 

Age 
mean 
(SD) 

BMI 
mean 
(SD) 

Intervention in 
the treatment 

group 

Intervention 
in the 

comparison 
groups Study Design 

N of subjects in 
treatment/ 
comparison 

groups Duration 

Stagi, 

2015 

Children/adolesc

ents 

Family history 

of 

T2DM/Obesity 

11.7 

(8-

13.6)** 

2.33 

(0.57)*** 
PGR LGI/ERD Diet 

Randomized 

controlled 

trial 

53/80 12 months 

Stagi, 

2017 

Children/adolesc

ents 

Metabolic 

Syndrome 

12.6 

(8.1-

14.3)** 

2.44 

(0.25)*** 
PGR+Metformin 

Metformin/LGI 

diet only 
Retrospective 71/58/51 

12+12 

months 

Belligoli 

2018 * 
Adults 

Overweight/mi

ld obese 
nr nr PGR Placebo 

Randomized 

double blind 

controlled 

trial 

32/25 30 days 

Fornari, 

2020 
Children Obese 

10.1 

(1.13) 

26.2 

(3.42) 
PGR Placebo 

Randomized 

double blind 

controlled 

trial 

23/23 4 hours 

Guarino 

2021 
Adults 

Metabolic 

Syndrome/T2D

M 

63.5 

(6.5) 
35.5 (4.5) PGR Metformin 

Randomized 

single blind 

controlled 

trial 

50/50 6 months 

 
Indicated demographic and anthropometric baseline data, referring to treatment groups, were not different from those of the comparison 

groups, as well as clinical and laboratory baseline data. LGI, low glycemic index; ERD, energy restricted diet. * published as an abstract; ** median 

(range); *** BMI standard deviation scores. 
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Legend to figures: 
Figure 1: Principal metabolic parameters of patients undergone to the three clinical studies 

evaluating long term efficacy of PGR administration for MS or its components. On the first column 

the results of the first study (Stagi 2015) of PGR+diet vs diet only in obese children and 

adolescents, on the second column the results of the study of PGR+MTF+diet vs MTF+diet or diet 

only in obese children and adolescent with MS (Stagi 2017), in the third the results of the study of 

PGR+diet vs MTF+diet in adults with MS and diabetes.  

 

Figure 2: Forest plots of the principal metabolic parameters at the end of the treatment period of 

the three clinical studies that evaluated PGR administration to patients with metabolic 

dysfunction. Even if there were different study designs, different populations (children or adults 

either fulfilling or not current MS diagnosis criteria) and different durations, patients in 

experimental arms (e.g. treated with PGR) demonstrated to have an advantage in the 

improvement of BMI, insulin sensitivity (HOMA-IR), total cholesterol, LDL cholesterol and, slightly, 

also in triglycerides.  

 
Figure 3:  Graphical conceptualization of PGR translational mechanisms of action in animal 

experimental models and their corresponding effects in humans. 
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