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Abstract: Metabolic syndrome (MetS) is associated with cardiovascular risk factors, such as insulin
resistance, dyslipidaemia, hypertension and abdominal obesity. Given the growing need to investigate
food supplements with positive health effects, this study was aimed at testing the benefits of a specific
supplement for people with MetS. Fifty-eight subjects with MetS and T2DM or impaired glucose
tolerance assuming metformin, were randomly assigned to take a food supplement of glucomannan,
D-chiro-inositol, Cinnamomum zeylanicum blume and inulin at a daily fixed dose of 4 g orally for
four months. Body weight, waist circumference, plasma lipid profile (total cholesterol, LDL, HDL
and triglyc-erides), plasma glycaemic profile and visceral adiposity index (VAI) were measured at
baseline and after four months of supplementation. After 16 weeks, in subjects with T2DM or insulin
resistance who took the supplement (+ metformin), there was a significant reduction in body weight
and BMI (p < 0.0001), serum insulin (p < 0.05) and the HOMA index (p < 0.01), as well as in the
lipaemic pattern, with a significant improvement in total serum cholesterol (p < 0.005), triglycerides
(p < 0.03) and LDL (p < 0.02). Our study shows that the food supplement tested is a valid and safe
alternative therapeutic approach in the management of MetS and all its resulting risk factors, as its
efficacy has been demonstrated across anthropometric, glucose, lipid and hepatic parameters.

Keywords: metabolic syndrome; T2DM; glucomannan; D-chiro-inositol; Cinnamomum zeylanicum
blume; inulin

1. Introduction

Metabolic syndrome (MetS) is a condition characterized by the simultaneous presence
of haemodynamic, anthropometric and metabolic variations that predispose a person to a
high risk of developing cardiovascular diseases and type 2 diabetes mellitus (T2DM). Its
origin is attributable to a high-calorie diet, rich in simple sugars and saturated fats, coupled
with a sedentary lifestyle in genetically predisposed individuals [1].

Obesity, the principal condition related to MetS, has increased its prevalence world-
wide in the past 50 years, thus reaching pandemic levels. This is why it represents a major
health challenge because it substantially increases the risk of chronic diseases such as
T2DM [2].

The management of MetS, besides pharmacologically treating the individual compo-
nents, includes cornerstones such as healthy eating (especially the Mediterranean Diet,
MD), regular exercise and weight loss [3,4], in a multidisciplinary approach that seeks to
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modify the patient’s lifestyle; obviously, such an approach requires a team of medical and
health specialists together with behavioral psychology and food education professionals
(such as dieticians and nutritionists) [5].

In fact, the introduction from the late 50 s of ultra-processed foods (UPFs), have
become a significant, and in some cases the main, source of dietary energy not only in high-
income countries but also in low-and middle-income countries, involving a shift away from
traditional diets towards those linked with obesity and diet-related non-communicable
diseases (NCDs) on a truly global scale during the current era [6].

However, even after choosing the best available treatment for the underlying patholo-
gies and undergoing counselling for lifestyle changes, poor compliance often leads to poor
results. Consequently, it has become necessary to identify new compounds and/or more
effective treatments in order to have higher efficacy and fewer side effects. An alternative
approach could be the use of natural agents, which provide an excellent contribution to
modern therapies. Today the growing demand for natural products to complement con-
ventional therapies has led to the birth of a new scientific discipline called Nutraceuticals,
from the fusion of the terms “nutrition” and “pharmaceutical” [7].

Besides the fact that the supplements cannot be the substituent of a normal, balanced
diet, today’s nutraceutical approach presents a valid and safe choice for the management
of patients with MetS, though in the case of particularly severe conditions, drug therapy
cannot be replaced by nutraceutical treatment. Very often, however, nutraceuticals can be
used in association with the therapies prescribed to better modulate the therapeutic effects
of drugs, modulating their dosage and reducing the risk of complications. For example,
turmeric, chlorogenic acid, cinnamon and fibres such as glucomannan and inulin have
shown important benefits in patients with MetS in combination with drug therapies. In par-
ticular, glucomannan, inulin and cinnamon are among the substances studied that have an
established inverse association with T2DM, hypertriglyceridaemia, hypercholesterolaemia
and obesity [8].

Glucomannan, is a hydrocolloidal dietary fiber with several healthy properties which
include lowering of cholesterol, triglycerides, glycemia, blood pressure and anti-diabetic
and anti-obesity activity. Thanks to these effects it has been offered as a food additive as
well as a dietary supplement in many countries and has been the subject of numerous
clinical and experimental studies to investigate these properties [9].

D-chiro-inositol (DCI) is a form of inositol produced by many plants that have insulin-
like properties, acting as secondary messengers in insulin signal transduction. Recent
studies in diabetic mice model have demonstrated its involvement in cellular glucose
uptake in skeletal muscle and insulin secretion in mouse islets cells. It is currently used
alone or in association with drug therapies in the treatment of polycystic ovary syndrome
(PCOS), and T2DM [10].

Cinnamomum zeylanicum blume plant, and its active ingredients have been shown to
regulate glycemia with insulin-mimetic properties, anti-diabetic, anti-oxidant and anti-
inflammatory effects, as well as beneficial effects on the lipid profile [11–13].

Inulin, a water-soluble dietary fibre which has been recently approved by the Food
and Drug Administration for improving the nutritional values of food products, belongs to
the class of prebiotic non-digestible food components and, being well tolerated by diabetics,
it has been used in these patients to reduce serum lipids, control hunger and help reduce
weight by modulating glucagon-like peptide [14].

The primary objective of our study was to evaluate whether 4 months of administration
of a supplement based on glucomannan, D-chiro-inositol (DCI), C. zeylanicum blume
and inulin as an add-on to the patient’s diet, could improve anthropometric and cardio-
metabolic parameters (weight, BMI and waist circumference) in subjects with T2DM or
reduced glucose tolerance, compared to a group following standard therapy.
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2. Materials and Methods
2.1. Participants

Our ambulatory is dedicated to patients affected by different metabolic disorders,
mainly type I and type II diabetes, metabolic syndrome, obesity. Approximately, about
500 patients each year are visited.

Fifty-eight patients (M/F), followed up as outpatients at the Metabolic Diseases
and Cardiovascular Prevention Clinic, Internal Medicine Unit, P. Giaccone University
Hospital in Palermo, Italy, were consecutively enrolled to this study. We included
patients who were over 18 years old, able to understand and sign the informed consent,
overweight, and who had a diagnosis of MetS according to the National Cholesterol
Education Program Adult Treatment Panel III (ATP III) criteria [1]; we excluded patients
having life-expectancy of less than 6 months (e.g., severe renal failure, hepatic failure
or similar), HIV, HBV, HCV infection, any malignant tumor or who were pregnant or
planning to become pregnant in the following 6 months. The study was approved by
the Local Ethics Committee during the 15 January 2020 session (number 1/2020) as a
part of a wider study on MetS.

The eligible subjects, after having read and signed the informed consent, underwent
a medical examination, with a careful collection of family and personal medical history
(concerning cardio-metabolic risk factors and any previous cardio- and cerebrovascular
events), pharmacological and nutritional medical history (concerning lifestyle, in particular
eating habits and physical activity).

The patients recruited into the study were evaluated twice: at time 0 (time of adminis-
tration of the intervention) and after 4 months. At each assessment, in both groups, the
following were detected: anthropometric parameters (weight and height, with subsequent
calculation of BMI kg/m2); measurement of waist circumference (cm); blood chemistry
parameters: glycemics (fasting blood sugar, insulinemia, HbA1c), lipids (total cholesterol,
LDL-C, HDL-C, triglycerides), hepatic (AST, ALT), renal (creatininemia, with eGFR calcula-
tion), indices: VAI (Visceral Adiposity Index), HOMA-IR (Homeostatic Model Assessments
of Insulin Resistance).

2.2. Study Design

This was an observational, prospective study with two arms: one treated with oral
supplementation of DCI, glucomannan, C. zeylanicum blume and inulin (GludiaTM), and
the other following a standard care plan. After the baseline visit, the treated group took two
sachets of the oral supplement every day, 30 min before lunch and dinner; the supplement
was composed of glucomannan 1000 mg, DCI 40 mg, C. zeylanicum blume 250 mg and inulin
200 mg in a formulation of 4 g total each day. The control group followed standard care
for T2DM. No oral supplements for improving cardiometabolic profiles were permitted in
either group during the follow-up time. During the 16 weeks of follow-up, the patients
were contacted by phone every 30 days to evaluate their adherence to the treatment and
possible side effects. After the 16-week follow-up period, the patients in the treated group
were visited by the same physician as for the baseline examination.

2.3. Outcomes

Several outcomes of cardiometabolic health were examined:

- Anthropometric measures, such as weight, height and waist circumference were
measured by a trained dietician. Visceral adiposity index (VAI) was calculated using
a combination of waist circumference, body mass index (BMI), triglycerides and
high-density lipoproteins (LDL), using the equations proposed in [15].

- Laboratory measures included markers of insulin-resistance or glucose metabolism,
such as glycosylated haemoglobin (HbA1c), fasting plasma glucose and serum insulin.
We also calculated the HOMA index [16] based on fasting plasma glucose and serum
insulin levels at 8 am. HOMA uses fasting measurements of blood glucose and insulin
concentrations to calculate indices of both insulin sensitivity and β-cell function. The
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principle of HOMA is that blood glucose and insulin concentrations are related by
the feedback of glucose on β-cells to increase insulin secretion. Finally, we evaluated
cholesterol metabolism, renal and hepatic function. All the laboratory measurements
were performed using standard laboratory assessments.

2.4. Statistical Analysis

To calculate the sample size, we hypothesized that, by determining a type I error of
5% and a type II error of 20%, a sample size of 28 (14 for each group) would be sufficient
to reveal a difference between the treated and control groups of 3 kg (with a standard
deviation of 4).

Baseline characteristics were compared between the treatment and control groups
using independent t tests, chi-square tests, or Fisher’s exact test, as appropriate, i.e., when
the count in one cell for 2 × 2 table was less than 5. Matched t tests were used for within
group comparisons of baseline and 16-week data, and changes were calculated as the
difference between the two values (delta). Comparisons between data for the groups at
16 weeks were computed by using a generalized linear model, adjusted for the baseline
value of the corresponding test. Data were also reported as percentages calculated as the
difference between follow-up values vs. baseline values divided for baseline data in both
groups, for graphical reasons. Significance was accepted if p < 0.05, and all tests were
two-tailed. All analyses were performed using SPSS 25.0 for Windows (IBM SPSS) and the
graphs were executed using Microsoft Excel.

3. Results

Overall, 58 patients affected by MetS and T2DM or impaired glucose tolerance were
enrolled. The main reasons of exclusion were the absence of the conditions needed for the
study and the lack of interest for the study or the presence of renal failure. Their mean age
was 55.9 ± 16.5 years (range: 20–83), and they were prevalently female (60.3%).

Table 1 shows the baseline characteristics of the patients, divided into treatment
(n = 29) and control (n = 29) groups. The group treated with the oral supplement of
DCI, glucomannan, C. zeylanicum blume and inulin was significantly younger than the
control group (p = 0.006), whilst no significant difference was detected for the percentage
of females (p = 0.29). Patients in the treated group reported significantly lower VAI
(p = 0.02) (Table 1) at the baseline evaluation compared to the control group. The
patients treated with the oral supplement reported lower triglyceride levels (p = 0.002)
than controls at baseline. No other significant differences emerged between the two
groups at baseline.

After 16 weeks of treatment, as shown in Table 1, patients treated with the oral
supplement reported significantly better values in body weight (delta = −3.4 ± 3.9 kg;
a decrease of 3.66% compared to the baseline value, p < 0.0001, Figure 1) and BMI
(delta = −2.0 ± 3.4 kg/m2; p < 0.0001). Furthermore, patients treated with the supplement
reported a significant decrease in serum insulin (delta = −1.7 ± 4.4 mIU/L; p = 0.049)
and in the HOMA index (delta = −1.00 ± 2.00; p = 0.01). The data are graphically
reported in Figure 2. Finally, treatment with DCI, glucomannan, C. zeylanicum blume
and inulin was associated with a significant improvement in total serum cholesterol
(delta = −13 ± 22 mg/dl; variation in %: −6.91 compared to baseline values; p = 0.005),
triglycerides (del-ta = −9 ± 21 mg/dl; variation in %: −7.89 in the treated group compared
to baseline; p = 0.03) and LDL (delta = −11 ± 23 mg/dl; variation in %: −9.40 in the treated
group vs. baseline; p = 0.02) (Table 1 and Figure 3).
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Table 1. Participants’ mean baseline characteristics and outcomes at follow-up, by group.

Gludia-Treated Group (n = 29) Control Group (n = 29)

Between
Groups
(Change

16 Weeks vs.
Baseline)

p Value
between
Groups a

Baseline 16 Weeks ∆ Baseline 16 Weeks ∆ ∆

Measure Mean ± SD Mean ±
SD Mean ± SD Mean ± SD Mean ±

SD Mean ± SD Mean (95%CI)

Age, years 50 (19) - - 62 (11) - - - 0.006

Females, % 51.7 - - 69 - - - 0.29

Weight, kg 92.9 (24) 89.6 (24) −3.4 ± 3.9 ˆˆˆ 82.9 (1.4) 82.6 (15.1) −0.3 ± 2.0 −2.7 (−4.4 to
−1.1) 0.001

Body mass index,
kg/m2 34.5 (7.2) 32.4 (6.6) −2.0 ± 3.4 ˆˆˆ 30.9 (5.6) 30.7 (5.9) −0.15 ± 0.78 −0.98 (−1.59

to −0.37) 0.002

Waist
circumference,

cm
108 (18) 106 (16) −2 ± 6 106 (16) 106 (15) 0 ± 3 −0.99 (−3.45

to 1.47) 0.42

VAI 4.28 (1.69) * 4.01 (1.50) −0.26 ± 1.03 6.22 (3.95) 5.74 (3.84) −0.47 ± 1.51 −0.10 (−0.79
to 0.59) 0.34

HbA1c, % 6.22 (1.06) 5.96 (0.73) −0.26 ± 0.77 6.47 (0.59) 6.31 (0.58) −0.17 ± 0.20
ˆˆˆ

−0.20 (−0.43
to 0.03) 0.09

Fasting plasma
glucose, mg/dL 111 (32) 102 (23) −8 ± 31 120 (21) 114 (19) −6 ± 18 −8.19 (−18.23

to 1.85) 0.11

Serum insulin,
mIU/L 19.0 (6.5) 17.4 (5.8) −1.7 ± 4.4 ˆ 17.0 (5.7) 15.4 (5.4) −1.6 ± 1.9 ˆˆ 0.13 (−1.52 to

1.78) 0.82

HOMA index 5.35 (2.77) 4.35 (1.52) −1.00 ± 2.00
ˆˆ 5.24 (2.20) 4.37 (1.72) −0.89 ± 1.21

ˆˆ
−0.05 (−0.73

to 0.64) 0.88

Cholesterol total,
mg/dL 188 (36) 175 (31) −13 ± 22 ˆˆ 192 (37) 192 (43) 0 ± 23 −13 (−25 to

−1) 0.03

Triglycerides,
mg/dL 114 (33) ** 105 (30) −9 ± 21 ˆˆ 156 (62) 146 (61) −11 ± 28 −4 (−19 to 9) 0.50

LDL, mg/dL 117 (35) 105 (30) −11 ± 23 ˆˆ 113 (34) 114 (39) 1 ± 25 −11 (−23 to 1) 0.08

HDL, mg/dL 49 (10) 48 (9) −1 ± 5 48 (11) 49 (11) 1 ± 5 −1 (−4 to 2) 0.42

eGFR, ml/min 100 (22) 103 (21) 3 ± 11 102 (26) 101 (25) −1 ± 10 −4 (−23 to 15) 0.69

GOT, U/L 27 (19) 23 (13) −4 ± 9 ˆ 22 (9) 21 (9) −1 ± 6 −1 (−5 to 2) 0.39

GPT, U/L 30 (19) 27 (18) −3 ± 7 ˆ 27 (15) 28 (16) 1 ± 9 −2 (−8 to 4) 0.52

Notes: *: p < 0.05; **: p < 0.001 between Gludia and controls at the baseline evaluation compared using an
independent Student’s T test; ˆ: p < 0.05; ˆˆ: p < 0.001; ˆˆˆ: p < 0.0001 within changes (follow-up versus baseline)
in the same group, compared using a matched Student’s T test; a p-values for between groups at the follow-up
evaluations were calculated using a generalized linear model, adjusted for baseline values of the two groups.

Furthermore, we compared the mean differences between the treated and control
groups after adjusting the follow-up data for the corresponding baseline values and mean
age. The patients treated with the oral supplement had a significant decrease compared to
the controls in body weight (mean difference = −2.7; 95%CI: −4.4 to −1.1; p = 0.001) and
BMI (−0.98 kg/m2; 95%CI: −1.59 to −0.37; p = 0.002) (Table 1). Finally, treatment with the
supplement was associated with a better profile of cholesterol parameters since, compared
to controls, it was associated with a significant reduction in serum cholesterol levels (mean
difference = −13 mg/dL; 95%CI: −25 to −1; p = 0.03) (Table 1).
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Figure 1. Variations in the main anthropometric parameters in the treated and in the control group
[weight (−3.66 vs. −0.36 kg), body mass index (−5.80 vs. −0.49 kg/m2), waist circumference (−1.85
vs. 0 cm) and VAI (−6.07 vs. −7.55)].
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Figure 2. Variations in the main glucometabolic parameters in the treated and in the control group
[(HbA1c (−4.18 vs. −2.62%), fasting plasma glucose (−7.21 vs. −5.00 mg/dL), serum insulin (−8.95
vs. −9.17 mIU/L) and HOMA index (−18.69 vs. −16.98)].
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In the treated group, two patients were lost during the follow-up: one without giving a
reason; the other for gastrointestinal issues (stomach pain) that may have been attributable
to the supplement.

4. Discussion

The wide spreading of obesity world-wide, has become a major health challenge
because of its link to cardiovascular risk factor such as T2DM. From a medical healthcare
point of view as a consequence, the MetS and T2DM pandemic reduction is the highest
priority intervention [2].

Recently, the nutraceutical approach has been suggested as a safe and efficient strategy
to support therapeutic efforts in the management of patients with MetS [7]. There are
several classes of nutraceuticals that have been used to obtain benefits in treating MetS,
hypertension and T2DM, thanks to their positive effects on weight reduction, post-prandial
blood sugar, insulin resistance and inflammation [17].

The results of research on natural compounds have been warmly welcomed by the
international scientific community and have contributed to the spread of the dietary model
of the MD, to the point that in 2010 UNESCO included this diet in the prestigious list
of Intangible Cultural Heritage of Humanity [18]. The MD is rich in particularly ben-
eficial substances, such as polyphenols, phytosterols, ω-3 and MUFA/PUFA, fibre and
vitamins [19]. This in contrast with the extensive use of UPFs whose greater contribution
to total energy intake results in poorer dietary quality, higher risks of all-cause mortality,
obesity, cardio-metabolic diseases, etc. [6].

Moreover, nutraceuticals have been used to prevent, support and treat some patho-
logical conditions, because they can be considered as food-drugs, given that they possess
the healing properties of natural active ingredients of recognized efficacy, are safe and can
have better tolerability compared to drugs which can sometimes cause the onset of side
effects. So, they can be effectively used by including them in the daily diet, since they are
positioned in the space that goes “beyond the diet, before the drugs”.

Among those most studied, glucomannan, DCI, cinnamon and inulin seem the most ef-
ficacious in treating T2DM, hypertriglyceridaemia, hypercholesterolaemia and obesity [9,20–25].

Glucomannan, a high molecular weight hydrocolloidal polysaccharide consisting
mainly of glucose and mannose used as dietary fibre, in addition to regulating intestinal
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activity can reduce levels of glucose, cholesterol, triglycerides and blood pressure, promote
weight loss and strengthen the immune system thanks to its adhesive properties [9,20].
In particular its ability to delay stomach emptying and adjust the rate of dietary sugar
absorption by the small bowel, can be related to an insulin sensitivity action [26]. Moreover,
recent studies have shown increase in serum high molecular weight adiponectin levels and
decrease of plasma ghrelin, leptin and glucagon-like peptide-1 levels thus suggesting a role
in improving insulin resistance [27]

DCI, one of the nine stereoisomeric forms of inositols, together with Myo-Ins is
incorporated in the inositol phosphoglycan (IPG) of the cell membrane which is involved
in insulin signal transduction. It is implicated in the storage of sugars as glycogen, in the
regulation of the respiratory chain for the production of ATP, and in the control of insulin
secretion by pancreatic β-cells [28].

Numerous clinical studies have shown that it has significant beneficial effects in PCOS,
a syndrome that shares some common characteristics with MetS (e.g., insulin-resistance),
where it shows an etiological role [21]. Recent studies suggest that inositol could be a
valid strategy to improve glycaemic control in T2DM; in fact, its integration is effective in
lowering both fasting glycaemia and HbA1c levels [22,23].

It also known that in DM2, also pancreatic α-cells present insulin resistance. Experi-
mental studies, conducted on in vitro models (pancreatic α-TC1 clone 6 cells), have shown
that DCI treatment prevents the insulin resistance of TC1-6 cells chronically exposed to
palmitate restoring insulin-mediated glucagon suppression [29].

Another study on a mice model have investigated the effects and underlying molecular
mechanisms of DCI on hepatic gluconeogenesis in mice fed a high-fat diet and saturated
palmitic acid-treated hepatocytes. The authors described a novel pathway by which
DCI prevents hepatic gluconeogenesis, reduces lipid deposition and ameliorates insulin
resistance [30].

Cinnamon, obtained from the stem and roots of the C. zeylanicum blume (or verum)
plant, and its active ingredients such as cinnamaldehyde, cinnamate, cinnamic acid and
eugenol, in the form of aqueous and alcohol extracts, have a variety of therapeutic effects.
In fact, the presence of biologically active substances regulates blood sugar with insulin-
mimetic properties, which increase the absorption of glucose by triggering the activity of
the insulin receptor kinase, the self-phosphorylation of the insulin receptor and glycogen
synthetase activity with anti-diabetic, anti-oxidant and anti-inflammatory effects, as well as
benefits for the lipid profile [11–13].

Inulin, instead, is an oligosaccharide present in various foods of plant origin (generally
extracted from chicory and artichokes) and belongs to the class of prebiotic non-digestible
food components that stimulate the proliferation of numerous beneficial bacteria in the
colon [24]. It usually promotes digestion, reduces intestinal gas, improves the quality of the
microbiota by increasing the percentage of eubiotic bacteria of the genus Bifidobacterium
and decreasing the population of harmful bacteria [24], increases faecal mass and the
number of evacuations, increases the absorption of calcium, iron and magnesium, is well
tolerated by diabetics, reduces serum cholesterol and triglycerides, controls hunger and
helps reduce weight by modulating glucagon-like peptide [14].

However, data from intervention studies in humans on the effectiveness of the main
nutraceuticals in regulating glycemia, both in patients with T2DM and in individuals at
risk of diabetes, are still few, sometimes conflicting, and, in general, carried out in small
groups and for fairly limited periods of time and even if, in particular for some of them,
the results seem suggestive of a possible anti-hyperglycemic effect, they must be confirmed
by studies on larger and longer-term series before we can give precise recommendations
for their usage.

In our study, after 16 weeks of treatment, subjects with T2DM or insulin resistance
who took the supplement in addition to standard metformin therapy reported signifi-
cantly better values in body weight and BMI. They also reported a significant decrease
in parameters related to glycemic control like serum insulin and the HOMA index, and
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they experienced a significant improvement in total serum cholesterol, triglycerides and
LDL values. These results, in particular the decrease in body weight and the significant
reduction in serum cholesterol levels, were still significant when adjusted the follow-up
data for the corresponding baseline values and mean age.

At the end of this open-label, two-arm prospective study, after 16 weeks of taking the
natural supplement, positive effects on metabolic parameters, such as cholesterol profile,
were recorded in accordance with previous clinical studies. Its administration has therefore
shown numerous and different effects on the entire cardiometabolic picture, thus reducing
these risk factors. It is already known that food supplemets may play a valuable role in
the treatment of MetS, and we believe that with this study we have proved the importance
that dietary changes can have by influencing the potential to develop T2DM as well as
cardiovascular disease.

First of all, an improvement in anthropometric parameters was highlighted, with a
significant decrease in body weight and BMI, consistent with the results obtained from
studies in the literature. The present study also highlighted a significant reduction in
fasting blood sugar and HbA1c, affirming the positive role of the supplement and its
components on glycometabolic parameters. In particular, this effect on glucose metabolism
had already been observed in studies conducted on women with T2DM in which daily oral
administration of inulin had shown significant anti-glycaemic effects [14,24].

In vivo mice studies have also shown that glucomannan and inulin extracts, when
combined, are more effective in decreasing blood glucose levels than the action of the
single components [25]. Furthermore, the insulin-sensitizing and hypo-glycaemic effect
of the supplement can be attributed to the presence of DCI, as in studies conducted on
diabetic mice this component improved glucose metabolism and increased glucose uptake
at skeletal muscle level, where it induced the translocation of GLUT4 [22]. In addition, DCI
has been shown to induce insulin secretion in β cells and potentiate glucose-stimulated
insulin secretion [23].

Finally, Cinnamon, as reported by Sartorius et al., showed the ability to reduce insulin
resistance, lower blood glucose and serum lipid levels, and improve obesity-related T2DM
in mice by activating both PPARγ and PPARα pathways [11–13].

Our study is consistent with the results of previous works, highlighting the possible
role of a nutraceutical approach in the management of MetS and stressing the importance
of using this approach in association with standard therapy to improve its efficacy with the
lowest dose, and achieve the goal of more effectively controlling cardiovascular risk factors
and their impact in terms of organ damage.

The findings of our study must be interpreted within certain limitations. Firstly, it was
not a randomized controlled trial: therefore, we cannot exclude a potential selection bias.
Secondly, the sample size, even if sufficient to reach the primary outcome, was relatively
small since it should be approximately 1000 to reach a clinical significance. Thirdly, the
follow-up lasted only 16 weeks, so other studies with a longer follow-up are needed.

5. Conclusions

Starting from the premises that supplements cannot be the substituent of a balanced
diet and that their usefulness must always be accompanied by a change in lifestyle,
especially with regards to physical activity, our study demonstrates the efficacy of our
glucomannan, DCI, C. zeylanicum blume and inulin-based supplement on anthropometric,
glucose and lipid parameters. In our experience, putting these components together
could be an effective and safe therapeutic approach in the management of MetS. Our
results are intended to contribute to the already existing scientific literature regarding
the nutraceutical potential of glucomannan, DCI, C. zeylanicum blume and inulin, but
in particular we want to give further support to patients, given the already proven role
of the supplement as a valid alternative (in the early phases as a prevention), or as a
complementary therapy in the treatment of MetS, a condition for which, currently, there
are limited pharmacological approaches.



Nutrients 2024, 16, 249 10 of 11

Author Contributions: Conceptualization, R.C. (Roberto Citarrella) and R.C. (Roberta Chianetta);
methodology, M.S.; software, N.V.; validation, S.A. and L.M.; formal analysis, A.L.; writing—original
draft preparation, L.G.; super-vision, M.B. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki, and approved by the Ethics Committee of Policlinico P. Giaccone Palermo 1
(protocol code 1/2020, 15 January 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon reasonable request to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol

in Adults (Adult Treatment Panel III). Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation
2002, 106, 3143–3421. [CrossRef]

2. Blüher, M. Obesity: Global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 2019, 15, 288–298. [CrossRef] [PubMed]
3. De la Iglesia, R.; Loria-Kohen, V.; Zulet, M.A.; Martinez, J.A.; Reglero, G.; Ramirez de Molina, A. Dietary strategies implicated in

the prevention and treatment of metabolic syndrome. Int. J. Mol. Sci. 2016, 17, 1877. [CrossRef] [PubMed]
4. Boulé, N.G.; Haddad, E.; Kenny, G.P.; Wells, G.A.; Sigal, R.J. Effects of exercise on glycemic control and body mass in type 2

diabetes mellitus: A meta-analysis of controlled clinical trials. J. Am. Med. Assoc. 2001, 286, 1218–1227. [CrossRef] [PubMed]
5. Bellentani, S.; Grave, R.D.; Suppini, A.; Marchesini, G.; Flin, F.L.I.N. Behavior therapy for nonalcoholic fatty liver disease: The

need for a multidisciplinary approach. Hepatology 2008, 47, 746–754. [CrossRef] [PubMed]
6. Baker, P.; Machado, P.; Santos, T.; Sievert, K.; Backholer, K.; Hadjikakou, M.; Russell, C.; Huse, O.; Bell, C.; Scrinis, G.; et al.

Ultra-processed foods and the nutrition transition: Global, regional and national trends, food systems transformations and
political economy drivers. Obes. Rev. 2020, 21, e13126. [CrossRef] [PubMed]

7. Santini, A. Nutraceuticals: An Healthy Bet for the Future. J. Food Res. 2014, 3, 1–2. [CrossRef]
8. Mollazadeh, H.; Hosseinzadeh, H. Cinnamon effects on metabolic syndrome: A review based on its mechanisms. Iran. J. Basic

Med. Sci. 2016, 19, 1258–1270.
9. Devaraj, R.D.; Reddy, C.K.; Xu, B. Health-promoting effects of konjac glucomannan and its practical applications: A critical

review. Int. J. Biol. Macromol. 2019, 126, 273–281. [CrossRef]
10. Davinelli, S.; Nicolosi, D.; Di Cesare, C.; Scapagnini, G.; Di Marco, R. Targeting Meta-bolic Consequences of Insulin Resistance

in Polycystic Ovary Syndrome by D-chiro-inositol and Emerging Nutraceuticals: A Focused Review. J. Clin. Med. 2020, 9, 987.
[CrossRef]

11. Ziegenfuss, T.N.; Hofheins, J.E.; Mendel, R.W.; Landis, J.; Anderson, R.A. Effects of a Water-Soluble Cinnamon Extract on Body
Composition and Features of the Metabolic Syndrome in Pre-Diabetic Men and Women. J. Int. Soc. Sports Nutr. 2006, 3, 45–53.
[CrossRef] [PubMed]

12. Mousavi, S.M.; Rahmani, J.; Kord-Varkaneh, H.; Sheikhi, A.; Larijani, B.; Esmaillzadeh, A. Cinnamon supplementation positively
affects obesity: A systematic review and dose-response meta-analysis of randomized controlled trials. Clin. Nutr. 2020, 39,
123–133. [CrossRef] [PubMed]

13. Sartorius, T.; Peter, A.; Schulz, N.; Drescher, A.; Bergheim, I.; Machann, J.; Schick, F.; Siegel-Axel, D.; Schürmann, A.; Weigert, C.;
et al. Cinnamon extract improves insulin sensitivity in the brain and lowers liver fat in mouse models of obesity. PLoS ONE 2014,
9, e92358. [CrossRef] [PubMed]

14. Gargari, B.P.; Dehghan, P.; Aliasgharzadeh, A.; Jafar-Abadi, M.A. Effects of high performance inulin supplementation on glycemic
control and antioxidant status in women with type 2 diabetes. Diabetes Metab. J. 2013, 37, 140–148. [CrossRef] [PubMed]

15. Amato, M.C.; Giordano, C.; Galia, M.; Criscimanna, A.; Vitabile, S.; Midiri, M.; Galluzzo, A.; AlkaMeSy Study Group. Visceral
Adiposity Index: A reliable indicator of visceral fat function associated with cardiometabolic risk. Diabetes Care 2010, 33, 920–922.
[CrossRef]

16. Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.; Treacher, D.F.; Turner, R.C. Homeostasis model assessment: Insulin
resistance and β-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419.
[CrossRef]

17. Borghi, C.; Cicero, A.F. Nutraceuticals with a clinically detectable blood pressure-lowering effect: A review of available random-
ized clinical trials and their meta-analyses. Br. J. Clin. Pharmacol. 2017, 83, 163–171. [CrossRef]

18. Fitó, M.; Konstantinidou, V. Nutritional Genomics and the Mediterranean Diet’s Effects on Human Cardiovascular Health.
Nutrients 2016, 8, 218. [CrossRef]

https://doi.org/10.1161/circ.106.25.3143
https://doi.org/10.1038/s41574-019-0176-8
https://www.ncbi.nlm.nih.gov/pubmed/30814686
https://doi.org/10.3390/ijms17111877
https://www.ncbi.nlm.nih.gov/pubmed/27834920
https://doi.org/10.1001/jama.286.10.1218
https://www.ncbi.nlm.nih.gov/pubmed/11559268
https://doi.org/10.1002/hep.22009
https://www.ncbi.nlm.nih.gov/pubmed/18098321
https://doi.org/10.1111/obr.13126
https://www.ncbi.nlm.nih.gov/pubmed/32761763
https://doi.org/10.5539/jfr.v3n4p1
https://doi.org/10.1016/j.ijbiomac.2018.12.203
https://doi.org/10.3390/jcm9040987
https://doi.org/10.1186/1550-2783-3-2-45
https://www.ncbi.nlm.nih.gov/pubmed/18500972
https://doi.org/10.1016/j.clnu.2019.02.017
https://www.ncbi.nlm.nih.gov/pubmed/30799194
https://doi.org/10.1371/journal.pone.0092358
https://www.ncbi.nlm.nih.gov/pubmed/24643026
https://doi.org/10.4093/dmj.2013.37.2.140
https://www.ncbi.nlm.nih.gov/pubmed/23641355
https://doi.org/10.2337/dc09-1825
https://doi.org/10.1007/BF00280883
https://doi.org/10.1111/bcp.12902
https://doi.org/10.3390/nu8040218


Nutrients 2024, 16, 249 11 of 11

19. Ros, E.; Martínez-González, M.A.; Estruch, R.; Salas-Salvadó, J.; Fitó, M.; Martínez, J.A.; Corella, D. Mediterranean diet and
cardiovascular health: Teachings of the PREDIMED study. Adv. Nutr. 2014, 5, 330S–336S. [CrossRef]

20. Au-Yeung, F.; Jovanovski, E.; Jenkins, A.L.; Zurbau, A.; Ho, H.V.T.; Vuksan, V. The effects of gelled konjac glucomannan fibre on
appetite and energy intake in healthy individuals: A randomised cross-over trial. Br. J. Nutr. 2018, 119, 109–116. [CrossRef]

21. Kalra, B.; Kalra, S.; Sharma, J.B. The inositols and polycystic ovary syndrome. Indian J. Endocrinol. Metab. 2016, 20, 720–724.
[CrossRef] [PubMed]

22. Fan, C.; Liang, W.; Wei, M.; Gou, X.; Han, S.; Bai, J. Effects of D-Chiro-Inositol on Glucose Metabolism in db/db Mice and the
Associated Underlying Mechanisms. Front. Pharmacol. 2020, 11, 354. [CrossRef]

23. Lazarenko, R.; Geisler, J.; Bayliss, D.; Larner, J.; Li, C. D-chiro-inositol glycan stimulates insulin secretion in pancreatic β cells.
Mol. Cell. Endocrinol. 2014, 387, 1–7. [CrossRef] [PubMed]

24. Rao, M.; Gao, C.; Xu, L.; Jiang, L.; Zhu, J.; Chen, G.; Law, B.Y.K.; Xu, Y. Effect of inulin-type carbohydrates on insulin resistance in
patients with type 2 diabetes and obesity: A systematic review and meta-analysis. J. Diabetes Res. 2019, 2019, 5101423. [CrossRef]
[PubMed]

25. Gao, T.; Jiao, Y.; Liu, Y.; Li, T.; Wang, Z.; Wang, D. Protective Effects of Konjac and Inulin Extracts on Type 1 and Type 2 Diabetes.
J. Diabetes Res. 2019, 7, 3872182. [CrossRef] [PubMed]

26. Vuksan, V.; Sievenpiper, J.L.; Xu, Z.; Wong, E.Y.; Jenkins, A.L.; Beljan-Zdravkovic, U.; Leiter, L.A.; Josse, R.G.; Stavro, M.P.
Konjac-Mannan and American ginseng: Emerging al-ternative therapies for type 2 diabetes mellitus. J. Am. Coll. Nutr. 2001, 20,
370S–380S. [CrossRef]

27. Ueno, H.; Haraguchi, N.; Azuma, M.; Shiiya, T.; Noda, T.; Ebihara, E.; Uehira, Y.; Uchida, T.; Sasaba, K.; Nakamura, M.; et al.
Active Consumption of Konjac and Konjac Products Improves Blood Glucose Control in Patients with Type 2 Diabetes Mellitus.
J. Am. Coll. Nutr. 2023, 42, 123–129. [CrossRef]

28. Montt-Guevara, M.M.; Finiguerra, M.; Marzi, I.; Fidecicchi, T.; Ferrari, A.; Genazzani, A.D.; Simoncini, T. D-Chiro-Inositol
Regulates Insulin Signaling in Human Adipocytes. Front. Endocrinol. 2021, 12, 660815. [CrossRef]

29. Filippello, A.; Scamporrino, A.; Di Mauro, S.; Malaguarnera, R.; Di Pino, A.; Scicali, R.; Purrello, F.; Piro, S. Direct Effects of
D-Chiro-Inositol on Insulin Signaling and Glucagon Secretion of Pancreatic Alpha Cells. Biomolecules 2020, 10, 1404. [CrossRef]

30. Cheng, F.; Han, L.; Xiao, Y.; Pan, C.; Li, Y.; Ge, X.; Zhang, Y.; Yan, S.; Wang, M. D-Chiro-inositol Ameliorates High Fat Diet-Induced
Hepatic Steatosis and Insulin Resistance via PKCε-PI3K/AKT Path-way. J. Agric. Food Chem. 2019, 67, 5957–5967. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3945/an.113.005389
https://doi.org/10.1017/S0007114517003233
https://doi.org/10.4103/2230-8210.189231
https://www.ncbi.nlm.nih.gov/pubmed/27730087
https://doi.org/10.3389/fphar.2020.00354
https://doi.org/10.1016/j.mce.2014.02.004
https://www.ncbi.nlm.nih.gov/pubmed/24530497
https://doi.org/10.1155/2019/5101423
https://www.ncbi.nlm.nih.gov/pubmed/31534973
https://doi.org/10.1155/2019/3872182
https://www.ncbi.nlm.nih.gov/pubmed/31687407
https://doi.org/10.1080/07315724.2001.10719170
https://doi.org/10.1080/07315724.2021.2002739
https://doi.org/10.3389/fendo.2021.660815
https://doi.org/10.3390/biom10101404
https://doi.org/10.1021/acs.jafc.9b01253

	Introduction 
	Materials and Methods 
	Participants 
	Study Design 
	Outcomes 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

