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Abstract

Objective. To investigate the effect of trans-resveratrol from 

Polygonum cuspidatum/magnesium hydroxide complex, trademark 

Revifast®,  plus D-chiro-inositol (DCI) and Myo-inositol (MI) during 

spontaneous pregnancies in overweight patients in a pilot study.

Study design. A one-year, prospective, randomized, double-

blinded, placebo-controlled single center clinical study was carried 

out on overweight pregnant women. 110 patients were randomized in 

3 groups to receive: Revifast® with DCI/MI (group I), DCI/MI alone 

(group II) or control group (group III) for 30 and 60 days. The main 

outcomes were to explore the lipid profile (total cholesterol, LDL, HDL, 

TG) and glucose levels, after 30 and 60 days of therapy. 

Results. No difference in systolic and diastolic parameters among 

3 groups during study. All blood chemistry parameters improved 

compared to placebo at 30 days already, but significantly to 60 days, 

respect placebo. By comparing the two treatment groups, group I de-

monstrates significantly improved lipid and glucose parameters than 

group II, which are at 30 to 60 days of treatment.

Conclusion. The supplementation of Trans-resveratrol, Revifast® 

in addition to DCI/MI in overweight pregnant woman with an elevated 

fasting glucose improves glucose levels, Total Cholesterol, LDL and 

TG. Clin Ter 2017; 168(4):e240-247.  doi:  10.7417/CT.2017.2013

Key words: Trans-resveratrol, Inositol, Myo-inositol, D-chiro-inositol, 

pregnancy, metabolic syndrome, insulin resistance, hyperglycae-

mia, gestational diabetes 

Abbreviation 

GDM: Gestational diabetes mellitus; MI: Myo-inositol; DCI: D-chiro-inositol; DCI/MI: D-chiro-inositol and Myo-inositol; OGTT: oral glu-

cose tolerance test; PCOS: polycystic ovary syndrome; CVR: cardiovascular disease; IR: insulin resistance; MS: Metabolic Syndrome; P-IPG: 

phosphoglycan P-type 

Introduction

Maternal metabolic profile in pregnancy is widely invol-

ved in developing of gestational diabetes mellitus (GDM), 

defined as “glucose intolerance with onset or first recognition 

during pregnancy” (1-2). GDM is usually detected using an 

oral glucose tolerance test (OGTT) between 24 to 28 weeks 

of gestation, but guidelines and the diagnostic criteria vary 

among countries and between major societies worldwide 

(3-11), making estimates of prevalence difficult.  

GDM is a significant problem both the immediate and 

long-term outcome for the mother and baby as demonstrated 

by HAPO study (12). Complications of GDM, even at the 

milder form, include fetal macrosomia, neonatal adiposity, 

congenital malformation, pre-eclampsia, and cesarean sec-

tion (13). All these can be reduced by early diagnosis and 

treatment of GDM (14-16). HAPO study demonstrated a 

correlation between early pregnancy fasting glucose levels 

and earlier onset of GDM (12). The ongoing epidemic of 

obesity (main risk factor related to decreased insulin sensiti-

vity) has led to more cases of type two diabetes. In addition, 

the number of pregnant women with undiagnosed type 2 

diabetes has increased (13). 

Currently, treatment includes lifestyle modification and 

pharmacological therapy in order to control blood glucose 

and cholesterol levels (14-16). One such emerging potential 
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intervention is inositol present in two form: Myo-inositol and 

D-chiro-inositol (DCI) showed insulin-mimetic properties 

efficient in lowering post-prandial blood glucose (17). Myo-

inositol which is an isomer of inositol and is a component 

of inositol-phosphoglycan, a second messenger for insulin 

action. Inositol is present in many foods, particularly fresh 

fruits and vegetables, beans, grains, and nuts. The potential 

benefits of a dietary supplement of Myo-inositol have been 

studied in the last years (18-20).

Recent studies have demonstrated that resveratrol (trans-

3,5,4′-trihydroxystilbene), a grape antioxidant found in red 

grapes and blueberries, lowers maternal blood sugar, impro-

ves maternal lipid profile (21) and prevents developmental 

delays in embryos of rat diabetic dams. Because of these 

results, resveratrol could be a potential therapeutic agent 

for the prevention of embryonic malformations including 

NTDs (22). Thus, resveratrol was successfully evaluated in 

prevention of diabetic embryopathy (23); moreover, admini-

stration of resveratrol to diabetic rats results in a significant 

decrease in blood-glucose concentrations, glycosylated 

hemoglobin, blood urea and other blood compounds that 

are usually elevated in type II diabetes and cause damage 

to body organs (23).

Resveratrol action has been linked to the activation of a 

histone deacetylase Sirtuin 1 (Sirt1) and notably, when Sirt1 

is activated by resveratrol, diabetes is improved (24).

Resveratrol use in humans has no pronounced toxicity, 

and orally administered trans-resveratrol is well absorbed. 

Orally ingested resveratrol is both rapidly metabolized and 

excreted, accounting for its low bioavailability. However, a 

few studies show that the bioavailability of resveratrol can be 

enhanced by using more potent trans-resveratrol, Revifast®.

Authors decided to test, in a preliminary study, the metabolic 

effect of Revifast® combined or not with myo-inositol e D-

chiro-inositol in pregnant overweight women, evaluating the 

metabolic effects in second trimester of pregnancy.

Research design and methods

From January to December 2016, 70 consecutive outpa-

tient pregnants have been enrolled for the study, settled in 

private outpatient clinic. The study design was a prospective, 

randomized, double blinded, placebo-controlled clinical 

trial. The patients, all with single pregnancy, received all 

information concerning the study protocol and outcomes. 

All patients provided a written informed consent prior to 

enrollment. All procedures used in the present study were 

in accordance with guidelines of the Helsinki Declaration 

on human experimentation. All women consented to publish 

their data, without possibility to be recognized.

The inclusion criteria were: pregnant aged from 25 to 40 

years, gestational age at enrollment between the 24th and 

28th weeks’ gestation, with a pregnancy body mass index 

(BMI), in first trimester, between 25-30 (kg/m2). 

Exclusion criteria were settled before enrolling, as fol-

lowings: diabetes mellitus, cardiovascular disease, chronic 

hypertension, autoimmune disease, thyroid disease, ART. 

The study protocol was as followings: at first visit, a 

careful anamnesis, mean systolic and diastolic blood pres-

sure, age, parity and BMI have been recorded. The following 

blood parameters were tested: total cholesterol, LDL, HDL, 

triglycerides and blood glucose. All patients tested in two 

clinical laboratories with national accreditation regarding 

the quality of analytical data. 

Patients were randomly assigned to receive either Re-

vifast® plus Myoinositol - D-chiro-inositol (DCI/MI), as 

Group I, either DCI/MI alone, as Group II, or placebo, as 

Group III, with a random number table and an assignation 

1:1:1 and randomization list was kept by an outpatients 

nurse, not involved in the study. Group I of 35 women was 

orally treated by Kirocomplex (S&R Farmaceutici S.p.A., 

Bastia Umbra, Perugia, Italy), group II was orally by Inofert 

Combi (Italfarmaco S.p.A., Milano, Italy) and group III by 

placebo (35 women). The Kirocomplex  had 80 mg of Re-

vifast®, 200 mg of myo-inositol, 500 mg D-chiro-inositol. 

The Inofert Combi had 138 mg of myo-inositol, 550 mg 

D-chiro-inositol. All parameters have been collected and 

compared, after 30 and 60 days, in all three groups at the 

same gestational age. All patients have been assigned to the 

randomization list and given dietary advice according to 

American Diabetes Association recommendations.

 

Statistical analysis

The method of allocation in two groups was controlled by 

an independent statistician who assigned numbered patients 

to groups. The statistician used sealed numbered containers 

and clinicians received the container in the ambulatory. To 

avoid a confounding factor, there was a consensus among 

clinicians involved in this study that, when they received 

a container, they would not abandon the MDFM admi-

nistration determined by the statistician in favor of other 

supplements or medications. All analyses were performed 

using SPSS 18.0 (Chicago, USA). Continuous variables 

were expressed as mean ± standard deviation (SD). The 

homogeneity of variances was evaluated using the Levene 

test. Finally, an independent statistician elaborated the data 

with statistical comparison by ANOVA analysis on Kruskal-

Wallis test and t-Student test. p < 0.05 was considered 

statistically significant.

Results

During the enrollment of 110 pregnant women, six 

patients were excluded: three left after the first visit, three 

did not meet inclusion criteria. The remaining 104 women 

have been allocated in the three groups as follows: 35 in the 

group I, 34 in the group II and 35 in group III. The number 

of women completed the follow-up period was 35 (group 

I), 34 (group II), 35 (group III) respectively. None of the 

women reported an adverse reaction to therapy. All data on 

patients are reported on Figure 1.

Baseline maternal characteristics, for Age, parity and 

BMI, were similar in the three groups (Table 1) and there 

were no differences between the three groups for systolic and 

diastolic pressure (Table 2). The difference among treated 

and placebo groups was significant for group I and II, in 

reduction of total cholesterol, LDLD, HDL, triglycerides, 

fasting glucose level. Data analysis showed a significant 



e242                                         A. Malvasi et al.

values reduction of lipid and glucose parameters already 

after 30 days, but especially after 60 days, either in those 

patients who received Revifast® plus DCI/MI, as Group 

I, or in patients who received DCI/MI alone, as Group II 

(Table 2).

Anyhow, the screening for GDM at 24–28 weeks’ gesta-

tion, using a 75-g 2-h OGTT was negative for all patients. 

Finally, comparing only both treated groups, at 0, 30 and 60 

days, statistical evaluation showed a significant improvement 

of lipid and glucose profiles in group I compared to group 

II, while no difference was noticed for systolic and diastolic 

profile between groups (Table 3). 

For triglycerides, in 30 days significant differences in 

between groups have been presented (1 vs 2 P=0,014 and 2 

vs 3 p=0,004). Always for triglycerides, in 60 days signifi-

cant differences in between groups have been presented (1 

vs 2 P=0,025 and 2 vs 3 p=0,000). For cholesterol, in 30 

days significant differences in between groups have been 

presented (1 vs 2 P=0,002 and 2 vs 3 p=0,000). Always for 

cholesterol, in 60 days significant differences in between 

groups have been presented (1 vs 2 P=0,005 and 2 vs 3 

p=0,000). For LDL, in 30 days no significant differences 

in between groups have been presented (1 vs 2 P=0,097, 

significant differences between 2 vs 3 p=0,000). Always for 

LDL, in 60 days no significant differences in between groups 

have been presented (1 vs 2 P=0,225, significant differences 

between 2 vs 3 p=0,000). For HDL, in 30 days no significant 

differences in between groups have been presented (1 vs 2 

P=0,657, significant differences between 2 vs 3 p=0,004). 

Always for HDL, in 60 days no significant differences in 

between groups have been presented (1 vs 2 P=0,119, signi-

ficant differences between 2 vs 3 p=0,000). For Glycemia, 

Table 1. Baseline characteristics of the 109 women: Revifast® with DCI/MI (group I), DCI/MI alone (group II) or placebo (group III). 

Characteristic Group I

35 patients

Group II

34 patients

Group III

35 patients

P

Age 31.88 ± 4.42 32.35 ±4.62 32.31 ± 5.99 0,913

Parity 1.085±0.98 1.11±1.007 1.028± 0,785 0,921

BMI 26.75±1.16 27.43±1.28 26.82± 1,41 0,0618

*Analysis of Variance-One Way Anova

Fig. 1. A Flow-diagram reporting all data on the patients’ enrollment, allocation, follow up and analysis.
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Table 2. Treatment characteristic of patient, before treatment, in 30 days and in 60 days of three groups: Revifast® with DCI/MI (group I), 

DCI/MI alone (group II) or placebo (group III).

Time to treatment group n mean± SD P

Systolic Pressure

0 days 1 35 119,64±5,56

0.18902 34 118,52±7,58

3 35 121,44±6,70

30 days 1 35 119,20±5,57

0.11202 34 118,54±6,61

3 35 121,39±5,39

60 days 1 35 117,35±6,90

0.02402 34 118,51±5,41

3 35 121,60±7,32

Diastolic Pressure

0 days 1 35 76,21±5,48

0.07902 34 78,15±6,37

3 35 79,32±5,41

30 days 1 35 77,30±7,12

0.51102 34 75,28±6,14

3 35 76,27±8,22

60 days 1 35 77,56±7,26

0.27602 34 75,68±5.41

3 35 78,11±6,77

Cholesterol (total)

0 days 1 35 225,18±9,80

0.48002 34 228,22±10,15

3 35 226,30±11,43

30 days 1 35 210,52±7,52

0.00012 34 216,70±8,14

3 35 224,41±9,24

60 days 1 35 202,50±8,95

0.00012 34 209,65±11,38

3 35 240,19±10,12

LDL

0 days 1 35 159,43±9,89

0.56002 34 162,18±10,75

3 35 161,34±11,87

30 days 1 35 140,57±11,29

0.00012 34 145,18±11,48

3 35 158,57±10,10

(segue)
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in 30 days no significant differences in between groups 

have been presented (1 vs 2 P=0,286, significant differen-

ces between 2 vs 3 (p=0,000). Always for Glycemia, in 60 

days no significant differences in between groups have been 

presented (1 vs 2 P=0,543, significant differences between 

2 vs 3 (p=0,000). 

In our previous prospective randomized controlled 

trial (25),significant differences has been found in total 

cholesterol, TG, glucose and mean pressure in 30 days of 

administration and in Total Cholesterol, LDL, HDL and TG 

for 60 days of administration. We examined two groups at 

that time. Now we added a control group and we found that 

less than 10 patients in each group, are required to achieve 

these significant differences and to achieve an 80% power 

with a=0.05.

Discussion 

The present randomized controlled clinical trial was de-

signed to test the hypothesis that the use of trans-resveratrol/

magnesium complex (Revifast®) , in combination with Myo-

inositol and D-chiro-inositol in late pregnancy, reduces the 

risk of developing GDM and improves the lipid profile and 

glucose blood levels after 60 days. 

In fact, the screening for GDM at 24–28 weeks’ gesta-

tion, using a 75-g 2-h OGTT was negative for all patients, 

but significant difference has been found in total cholesterol, 

HDL, LDL, triglycerides and glucose levels after 30 days 

of treatment by Revifast®, even better after 60 days. Thus, 

trans resveratrol supplementation to DCI/MI showed positive 

biological effects on metabolic pathways in pregnants. A 

study showed that maternal resveratrol administration in pre-

gnant mice recovered metabolic activity of offspring brown 

60 days 1 35 136,51±11,29

0.00012 34 139,64±9,88

3 35 163,71±11,46

HDL

0 days 1 35 76,69±7,82

0.3592 34 74,20±7,95

3 35 75,93±6,18

30 days 1 35 67,60±8,84

0.0010
2 34 68,59±9,57

3 35 74,93±7,85

60 days 1 35 58,25±7,46

0.00012 34 61,47±9,41

3 35 70,36±8,35

Triglycerides

0 days 1 35 175,71±6,29

0.19002 34 178,47±7,17

3 35 176,25±6,32

30 days 1 35 164,29±8,62

0.00012 34 169,18±7,44

3 35 175,43±9,60

60 days 1 35 156,21±7,59

0.00012 34 160,55±8,12

3 35 177,58±8,27

Glycaemia

0 days 1 35 80,22±8,13

0.87302 34 81,14±7,39

3 35 80,41±7,61

30 days 1 35 71,27±8,28

0.00012 34 73,33±7,60

3 35 81,42±10,13

60 days 1 35 68,18±7,24

0.00012 34 69,33±8,35

3 35 83,36±8,51
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adipose tissue, promoting beige adipocyte development 

in offspring white adipose tissue and protecting offspring 

against high-fat diet-induced obesity (26).

Perinatal maternal trans resveratrol supplementation 

mitigated the development of hypertension and caused persi-

stent alterations in vascular responsiveness in spontaneously 

hypertensive rats (27).

Authors investigated effect of trans resveratrol supple-

mentation on the pregnant db/+ GDM mouse model, and 

the underlying molecular mechanism. Resveratrol greatly 

improved glucose metabolism, insulin tolerance and repro-

ductive outcome of the pregnant db/+ females. Moreover, 

they found that resveratrol relieved GDM symptoms through 

enhancing AMPK activation, which in turn reduced produc-

tion and activity of glucose-6-phosphatase in both pregnant 

db/+ females and their offspring (28).

Currently, GMD treatment resides in diet, oral hypogly-

cemic agents or insulin, but the appearance of supplements 

consisting of DCI and MI arousing interest. Costantino et al 

(29) showed that the DCI supplement had a role in the regula-

tion of glucose metabolism improving insulin sensitivity and 

reducing the onset of gestational diabetes in pregnant women 

at risk, decreasing the weight gain and nocturnal hypoglyce-

mia responsible for the attacks of hunger at night. 

From the other side, GDM may be an expression of early 

metabolic syndrome. It is unknown whether weight and/or 

glucose parameters assessed at GDM pregnancies predict the 

risk of metabolic syndrome at the early postpartum period. 

Barquiel et al affirm that this risk can be easily identified 

by assessing pre-pregnancy BMI and antenatal fasting gly-

caemia in the first pregnancy visit (30).

The diagnosis of a Metabolic Syndrome (MS) that takes 

place before or during pregnancy is important to change 

the lifestyle and diet. It is recommended that the patient 

have to follow a proper diet scheme as suggested by several 

studies (31).

Hans and Crowether considered that gestational diabetes 

mellitus (GDM) affects a significant number of women each 

year and is associated with a wide range of adverse outcomes 

for women and their babies. Dietary counselling is the main 

strategy in managing GDM, but it remains unclear which 

dietary therapy is the best.  They assessed the effects of 

different types of dietary advice for women with GDM on 

pregnancy outcomes (32). 

Luoto et al examined whether GDM or newborns’ high 

birth weight can be prevented by lifestyle counseling in 

pregnant women at high risk of GDM, changing physical 

activity and the decreasing the intake of total fatty acids, 

saccharose and increasing fiber intake; this intervention was 

effective in controlling birth weight of the newborns, but 

failed to have an effect on maternal GDM (33).

In a recent study, Matarrelli et al. concluded that MI 

supplementation in pregnancy reduced the incidence of 

GDM in women at high risk of this disorder. The reduction in 

incidence of GDM in the treatment arm was followed by im-

proved outcomes. The incidence of GDM in mid-pregnancy 

was significantly reduced (p=0.001) in women who received 

MI compared to placebo group (relative risk 0.127). Women 

who received MI also required less insulin therapy, delivered 

at a later gestational age, had significantly smaller babies 

with fewer episodes of neonatal hypoglycaemia (19).

Also in preeclampsia, there is exacerbation of physio-

logical changes associated with pregnancy such as insulin 

resistance, altered immune responses and inflammatory 

pathway activation. These exaggerated responses seen 

in preeclampsia are reminiscent of metabolic syndrome, 

and are evident in gestational diabetes mellitus. The link 

between these phenomena is not clear but novel findings 

Table 3. Comparison of parameters in two treated groups, Revifast® with DCI/MI (group I), DCI/MI alone (group II), at 0 & 30 and 0 &60 

days of treatment.

Characteristic

Group I & II

at 0 days

Group I & II

Comparison 

0 - 30 days

P Group I & II

Comparison 0 - 60 

days

P

Systolic Pressure

119,64±5,56

118,52±7,58

119,20±5,57

118,54±6,61

0.8600 117,35±6,90

118,51±5,41

0.5290

Diastolic Pressure

76,21±5,48

78,15±6,37

Diastolic Pressure 

77,30±7,12

75,28±6,14

0.2610

Diastolic Pressure 

77,56±7,26

75,68±5.41

0.3180

Cholesterol (total)

225,18±9,80

228,22±10,15

Chol tot 210,52±7,52

216,70±8,14

0.0001 Chol tot 202,50±8,95

209,65±11,38

0.0001

LDL

159,43±9,89

162,18±10,75

LDL 140,57±11,29

145,18±11,48

0.0001 LDL 136,51±11,29

139,64±9,88

0.0001

HDL

76,69±7,82

74,20±7,95

HDL 

67,60±8,84

68,59±9,57

0.0001 HDL 58,25±7,46

61,47±9,41

0.0001

Triglycerides

175,71±6,29

178,47±7,17

Triglycerides 

164,29±8,62

169,18±7,44

0.0001

Triglycerides 

156,21±7,59

160,55±8,12

0.0001

Glucose (blood) 

80,22±8,13

81,14±7,39

Glucose (blood)

71,27±8,28

73,33±7,60

0.0001

Glucose (blood)

68,18±7,24

69,33±8,35

0.0001
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providing some insight have been reported recently. Inositol 

phosphoglycan P-type (P-IPG) in preeclampsia has been 

extensively investigated and increased production has been 

demonstrated. This molecule acts as a second messenger 

of insulin, enhances the metabolic effects of insulin and is 

associated with insulin resistance (34). 

An increase in urinary release of P-IPG during pregnan-

cy may herald the onset of preeclampsia. Urinary levels of 

P-IPG, were assessed in insulin resistant states during pre-

gnancy such as gestational diabetes mellitus with a higher 

P-IPG urinary excretion with a positive association with 

poor glycemic control (35).

Pathophysiological basis of the effectiveness of this treat-

ment is because several inositol isomers and in particular MI 

and DCI, showed insulin-mimetic properties and efficiency 

in lowering post-prandial blood glucose. In addition, abnor-

malities in inositol metabolism are associated with insulin 

resistance and with long-term microvascular complications 

of diabetes, supporting a role of inositol or its derivatives in 

glucose metabolism (13).

MI is one of the most relevant isomeric forms of inositol 

present in nature and can be synthesized by the body in the 

follicular microenvironment; various natural forms of Ino-

sitol also exist, among which the most studied is the DCI, 

which is not synthesized from precursors in human body 

but obtained from epimerization of MI (20).

The activity of the epimerase is reduced in type 2 dia-

betes mellitus and in polycystic ovary syndrome (PCOS), 

one of the most frequent causes of endocrine disruption and 

infertility by chronic anovulation in women of childbearing 

age (29). 

About limitations of such investigations, we have to re-

port that, although significant differences have been obtained 

in previous studies, we aimed to test whether these results 

exist in a sufficient sample size, and this is true. Obviously, 

a study with a much larger sample size should be conducted 

and special group of patients that benefit more should be 

identified. Such a study currently is under design.

Conclusions

The addition of trans-resveratrol, Revifast®, to DCI/MI 

was most effective than DCI/MI alone in reducing Total 

Cholesterol, HDL, LDL, Triglycerides and glucose blood 

levels after 30 days of treatment, even mostly to 60 days. 

This approach could be considered useful to the patients 

with risk factors for metabolic syndrome that may evolve 

also to gestational diabetes. Our results suggest that the 

administration of Revifast® to DCI and MI will lead to a 

significant reduction if taken for 30 days at least, preferably 

for 60 days, basing on our preliminary results. Further stu-

dies would be desirable to clarify the mechanism of action of 

trans-resveratrol at the cellular level in glucose metabolism 

during pregnancy, and clinical data must be confirmed with 

wider cohort of patients.
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a PCOS è il più comune
disordine endocrino
nel le donne in età

riproduttiva, con un’incidenza pari
a circa il 5-10% (1).
Le caratteristiche tipiche della sin-
drome includono oligoamenorrea,
anovularietà, infertilità, irsutismo,
acne, alopecia. La diagnosi richiede
la presenza di 2 su 3 dei seguenti
criteri: (a) oligo-o ano vularietà
(lunghezza media dei cicli me-
struali > di 35 giorni – oligo-ame-
norrea, o > di 180 giorni – ame-
norrea); (b) segni di iperandroge-
nismo clinico e/o biochimico; (c)
policistosi ovarica al l’esa me eco-
grafico, dopo aver escluso le altre
cause di iperandrogenismo, quali
l’iperplasia surrenalica congenita,
tumori androgeno-secernenti e
sindrome di Cushing (2). L’insulino
resistenza, con l’iperinsulinemia
compensatoria, è un elemento es-
senziale nella pato genesi della
PCOS sia nelle pazienti magre sia
obese, che sono considerate ad
alto rischio di sviluppo di compli-
canze metaboliche (diabete mel-
lito di tipo 2) e cardiovascolari (3).
Alcuni studi hanno riportato che
l’insulino-resistenza è comune
nelle donne affette da PCOS, indi-
pendentemente dal BMI; la preva-
lenza di insulino-resistenza nelle
donne affette da PCOS è pari al
50-70% ed è indipendente dal-
l’obesità (4-6). Il ruolo patogene-
tico dell’obesità è aggiuntivo e può
incidere negativamente sulla sin-
drome con diversi meccanismi, il
più importante dei quali è lo stato
iperinsulinemico. L’insulina stimola
la secrezione ovarica di androgeni
e gioca un ruolo fondamentale nel
metabolismo degli androgeni e
nel loro trasporto verso i tessuti
periferici (7). Il mio-inositolo e il

D-chiro-inositolo hanno dimostrato
di essere efficaci nel migliorare
l’insulino-resistenza, l’iperan droge-
nismo e nell’indurre l’ovulazione in
donne affette da PCOS (8). 
Il mio-inositolo è uno dei 9 stere-
oisomeri del carboidrato alcolico
C6 e fa parte del complesso vita-
minico B. L’inositolo è un poliolo
carbociclico, la cui forma più im-
portante in natura è il mio-inosi-
tolo (9,10). Il mio-inositolo è il
precursore dell’inositolo trifosfato,
un secondo messaggero che re-
gola numerosi ormoni, quali il TSH,
l’FSH e l’insulina (11). Il mio-ino-
sitolo e il D-chiro-inositolo (DCI),
sono mediatori chimici dell’insu-
lina ed agiscono con differenti
meccanismi. Il mio-inositolo pro-
duce secondi messaggeri per l’FSH
e per l’uptake di glucosio, mentre
il D-chiro-inositolo produce se-
condi messaggeri per stimolare la
sintesi di glicogeno e l’uptake di
glucosio. Il D-chiro-inositolo e il
mio-inositolo hanno strutture si-
mili, differiscono soltanto per un
gruppo idrossilico (9). Il Mio-inosi-
tolo è il precursore del D-chiro-
inositolo. Il D-chiro-inositolo è
sintetizzato da un’epimerasi insu-
lino-dipendente che converte il
mio-inositolo in D-chiro-inositolo
(12). Recentemente la letteratura
scientifica ha concentrato l’atten-
zione su 2 molecole che avreb-
bero un ruolo importante nel
management della PCOS: il resve-
ratrolo e la vitamina D. Il resvera-
trolo è un polifenolo naturale che
agisce come insulino-sensibiliz-
zante e rappresenta un tratta-
mento terapeutico sicuro ed
efficace nella PCOS: alcuni studi
hanno dimostrato che il resvera-
trolo migliora in maniera significa-
tiva l’iperglicemia e l’insulinore-

sistenza, riducendo la risposta in-
fiammatoria in ratti diabetici
(13,14). Il deficit di vitamina D è
stato proposto come possibile le-
game tra insulino-resistenza e
PCOS: bassi livelli di vitamina D
comportano un aumento dei livelli
di paratormone (PTH), che influen-
zano il metabolismo glucidico e
diminuiscono l’insulino-sensibilità
(15,16); inoltre la vitamina D sti-
mola l’espressione dei recettori in-
sulinici e influenza positivamente
il trasporto di glucosio insulino-di-
pendente (17). 
Per tali motivi è stato eseguito
uno studio clinico con lo scopo di
paragonare l’efficacia di 2 diversi
trattamenti terapeutici sui para-
metri clinici, endocrini e metabo-
lici in pazienti affette da PCOS. 

Metodi
Sono state arruolate 80 pazienti
affette da PCOS e divise in 2 gruppi
in base al trattamento terapeutico
praticato: il primo gruppo (A) è
stato trattato 1 volta al giorno per
6 mesi con un integratore compo-
sto da: D-chiro-inositolo (DCI) (500
mg) + mio-inositolo (MI) (200 mg)
+ Revifast® (80 mg) + acido folico
(200 mcg) + manganese (5 mg) +
vitamina D (12,5 mcg); il secondo
gruppo (gruppo B) è stato trattato
1 volta al giorno per 6 mesi con
una formulazione composta da: D-
chiro-inositolo (500 mg) + mio-
inositolo (200 mg) + acido lipoico
(150 mg) + acido folico (200 mcg)
+ manganese (5 mg). È stata ef-
fettuata una valutazione dei para-
metri clinici, endocrini e metabolici
all’inizio dell’osservazione e dopo
6 mesi di terapia.

Risultati
L’analisi statistica effettuata dopo
6 mesi di trattamento ha mostrato
in entrambi i gruppi una riduzione
statisticamente significativa dei li-
velli circolanti di testosterone sie-
rici (A: 37,9 ± 15,1 versus B: 36,8
± 12,3; p = 0,042 versus p = 0,001
rispettivamente) e dell’indice
HOMA-IR (A: 1,6 ± 1,4 versus B:
1,9 ± 1,5; p = 0,002 versus p =
0,002 rispettivamente). Inoltre si
è verificata una differenza statisti-
camente significativa nei due
gruppi riguardo ai seguenti para-
metri: FSH sierico (p = 0,001 ver-
sus p = 0,066), prolattina (p =
0,023 versus p = 0,878), DHEAS
(p = 0,010 vs p = 0,117) e
17OH-progesterone (p = 0,004
versus p = 0,730). Rispetto al
gruppo B, nel gruppo A dopo 6
mesi di terapia si è verificata una
riduzione statisticamente significa-
tiva dell’irsutismo (96 versus 68%
rispettivamente, p< 0,001) e del-
l’acne (72 versus 62%, rispettiva-
mente p<0,001).

Conclusioni
Gli attuali orientamenti terapeutici
nell’ambito della PCOS mettono in
luce l’importanza delle isoforme
dell'inositolo come approccio tera-
peutico della sindrome. Il tratta-
mento con mio-inositolo e D-
chiro-inositolo migliora la sensibi-
lità dell'insulina in pazienti affette
da PCOS con oligoamenorrea, au-
mentati livelli sierici di testoste-
rone ed irsutismo (18). Lo studio
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dimostra che la supplementazione
con Revifast® e vitamina D in as-
sociazione con mioinositolo e D-
chiro-inositolo migliora significa-
tivamente gli aspetti endocrini e
metabolici nelle pazienti affette
da PCOS.
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Introduction
Insulin resistance (IR) is a low insulin sensitivity condition characterized by sub-optimal biological response to normal amounts 
of insulin. It may involve several organs and tissues (including liver, skeletal muscle and adipose tissue) or a single cell type [1]. 

It may be a consequence of excess visceral adipose tissue, high fat diet, poor physical activity, cigarette smoking and drugs 
(glucocorticoids, thiazide diuretics, beta-blockers above all) [1], mainly acting through high levels of circulating free fatty acids 
(the so called “lipotoxic effect”) [2,3], hyperglycemia (the so called “glycotoxic effect”) [4], and inflammatory cytokines secreted 
by activated macrophages per se or in combination with abdominal adipocytes [5]. 

Inositol is a widely spread carbocyclic poliol presenting within the organism as different isomers, the most frequent among 
which is Myo-inositol (MY). The latter is epimerase-converted into the active metabolite D-Chiro-inositol (DCI) within insulin-
dependent and insulin-sensitive structures including liver, muscles and adipose tissue, as well as, in organs endowed with a high-
energy metabolism, i.e. heart and brain. [6-9]. At the cell level both MY and DCI act as second messengers for insulin through two 
independent mechanisms, i.e. glucose uptake and glycogen synthesis, respectively [10]. 

Given their pivotal role in regulating metabolic and hormonal signaling pathways, inositol isomers are more and more utilized as 
supplements in clinical settings typically characterized by insulin resistance, like Polycystic Ovary Syndrome (PCOS) [11] - which 
is known to be associated with inositol-phospho-glycan deficiency [12] - and the metabolic syndrome [9,13]. In addition to that, 
gestational diabetes (GDM), i.e. an altered glucose handling condition first detected in pregnancy, also benefits from their insulin-
sensitizing effect in terms of both prevention and treatment [14-18] and, based on preliminary data, the same seems to hold true 
for IR in obese male children [19]. 

Metabolic Effects of an Inositol-Resveratrol Nutraceutical Combination in Non-Dia-
betic Overweight/Obese Subjects with Altered Glucose Tolerance

Summary 

Keywords: Inositol; Resveratrol; Neutraceuticals; Insulin Resistance; Metabolism; Prediabetes; IFG; IGT; Myo-Inositol; Reversatrol; 
Nutracautical; Obesity 

Insulin resistance (IR) is almost constistently associated with overweight or obesity in both diabetic and non-diabetic subjects. 
Nutraceutical compounds improving insulin resistance (IR) may be useful in prevention and treatment of cardiovascular (CV) risk 
factors in metabolic diseases. D-Chiro-inositol (DCI) and Myo-inositol (MY), two isomers of a C6 poliol called inositol, are involved 
in the transduction pathway of the insulin signal, thus contributing to glucose regulation, and have therefore been studied in various 
metabolic conditions characterized by IR. Opposite to that, Resveratrol (R), a compound known to counteract oxidative stress mediated 
events eventually leading to IR and strongly involved in aging processes, has been mainly tested in preclinical or in vitro studies. The 
combination of those three molecules might then prove to be of great help against obesity and associated dyslipidemia / IR. 

The aim of our 24-week, randomized, double-blind study was to verify whether and to what extent a fixed MY-DCI-R association 
can affect IR and abdominal fat in pre-diabetic patients with a body mass index (BMI) ≥ 26 kg/m2 and hyperlipidemia as compared 
to placebo (P). Biochemical, anthropometric and bioimpedance-derived parameters and clinical benefits were regularly recorded in 
addition to any side/toxic effects. As compared to placebo, combined MY-DCI-R significantly improved CV risk factors including body 
weight, visceral/trunk fat amount, IR, systolic/diastolic blood pressure, circulating lipids and uric acid levels. 
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Another interesting substance produced by several plants and especially in polygonum capsulatum roots and grape skin is 
Resveratrol (3,5,4’-trihydroxy-trans-stilbene) (RSV), a non-flavonoid phenol from the phytoalexin family, known to be very active 
against pathogens including bacteria and fungi [20] and to be endowed with an anti-tumor [21] anti-inflammatory [22], and blood-
thinning activity eventually limiting the onset of thrombotic plaques [23]. Several in vitro studies documented powerful anti-aging 
effects thanks to its relevant antioxidant activity within the skin negatively affecting collagenase or matrix metalloproteinase-16 
production [24,25]. In addition, by acting mainly “upstream” of the reaction through copper ion chelation-dependent catalytic 
effect inactivation, RSV proves to be a more powerful antioxidant than flavonoids and might be beneficial by hindering LDL 
peroxidation in vivo too [26]. However, its main anti-oxidant effect is mediated by the activation of SIRT-1 gene encoding a 
histone deacetilase (SIRTUIN-1) [19,27,28], which might help prevent and treat chronic degenerative conditions including 
cardio-vascular diseases, metabolic syndrome and or obesity, osteoporosis, diabetes, cancer, as well as, several inflammatory and 
neuro-degenerative conditions. 

RSV is virtually insoluble in water and displays a low dissolution rate from the solid pharmaceutical oral formulation. This 
involves unfavorable pharmacokinetic properties in humans, with low bioavailability and a short plasma half-life [29,30], partly 
offset, in fact, by its strong lipophilia-dependent ability to easily cross plasma membranes [31,32]. According to some studies 
RSV bioavailability may be improved by embedding trans-resveratrol isomers in a magnesium hydroxide matrix allowing the two 
components to keep their chemical identity while maintaining RSV dissolved in a liquid-like structure [29-33].

We preferred to recruit severely insulin-resistant subjects with pre-diabetes and to exclude people with diabetes to rule out any 
biases potentially depending on interfering glucose handling mechanisms causing glucotoxic effects.

The primary endpoint was the extent and distribution of fat tissue, secondary endpoints were: (1) anthropometric and biochemical 
parameters; (2) blood pressure levels; (3) uric acid levels; (4) MCR safety, tolerability, and drop out rate; and (5) durability of MCR 
effects.

Based on the above mentioned large body of evidence on their complementary biological activity, we evaluated the effects of 
associated MY, DCI and RSV (MCR) on a large group of overweight or obese subjects with documented pre-diabetes and insulin-
resistance kept at a low-calorie diet during a 24-week placebo-controlled study. 

Kirocomplex® is a product for human use (source: https://www.fogliettoillustrativo.net/bugiardino/kirocomplex-20cpr-927126870; 
registration number: AIC code: 927126870 and EAN code: 9271268706), registered by s&r Farmaceutici spa Company, Italy) 
notified to the Ministry of Health in agreement with Italian law # 169/2004 and containing active ingredients (D-Chiro-Inositol, 
Myo-Inositol, and Polygonum cuspidatum extract on Magnesium hydroxide, titrated to at least 30% Resveratrol) included in the 
positive list of nutraceuticals within the food supplements / diet supplements and special foods category with all of its food grade 
excipients. In greater detail, a tablet of Kirocomplex® (K) contains: D-Chiro-Inositol 500 mg; Myo-Inositol 200 mg, Revifast 80 mg 
(i.e. resveratrol 48 mg), folic acid 200 mg, D-Vitamin 12,5 mg, and manganese 5 mg. 

This was a double-blind, placebo-controlled study conducted in accordance with the Helsinki Declaration and formally approved 
by the Ethics Committee of the University of Campania “Luigi Vanvitelli” (Trial registration number 119, 10.01.2018). A sample 
size of 45 pairs of subjects meeting the inclusion criteria was calculated based on Green’s [34] regression-specific recommendations 
but 60 pairs were enrolled in the study to compensate for any possible drop-outs.

1.  Age between 18 and 70 years;
2.  Overweight (BMI 25-29.9 Kg/m2) / obesity (BMI >30 kg/m2) according to WHO definition [35] 
3.  impaired fasting glucose (IGF) and/or impaired glucose tolerance to OGTT (IGT), being IFG defined as a fasting 100 to 125 
     mg/dL blood glucose level, and IGT as a 140 to 199 mg/dL blood glucose level attained 2 hours after the administration of a 
     standard 75-g oral glucose tolerance test (OGTT) according to ADA criteria [36] 
4.  insulin resistance index (HOMA-R) >2.5); 
5.  altered lipid profile (total cholesterol >200 mg/dl; LDL-cholesterol >100 mg/dl);
6.  no 
7.  agreement to participate in the study.

1.  Type 1 or 2 diabetes;
2.  treatment with oral or injectable hypoglycemic agents; 

Inclusion Criteria were: 

The Exclusion Criteria were:

Materials and Methods

Tested Product 

Patients, Diet, and Measures
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A total of 120 consecutive subjects meeting the above mentioned criteria were enrolled during a three-month period (Figure 1) 
and randomly assigned to either active treatment (Treatment Group; 60 subjects on Kirocomplex®, “T”, 1 tablet/day) or placebo 
(Placebo Group; 60 subjects, “P”, 1 tablet/day) packed in identical containers endowed with a serial code provided by a random 
paired number generator. Placebo tablets were prepared by the hospital pharmacy, contained only folic acid 200 mg, D-Vitamin 
12,5 mg, and manganese 5 mg and were indistinguishable from the others in terms of size, color, smell and taste. This way each 
component of each pair of subjects was expected to receive either treatment or placebo for six months. Twelve people did not show 
up at the 12-week follow-up because they lived too far from the clinical unit and 8 stopped treatment due to the high number of 
pills taken each day. Luckily enough, as described in Table 1, the two residual groups completing the study turned out to be equally 
distributed and displayed no significant differences. 

3.  known hypersensitivity / intolerance to D-Chiro-Inositol, Myo-Inositol and Reversatrol;
4.  known, severe kidney and/or liver diseases or malignancies;
5.  contraceptive pill utilization;
6.  planned or ongoing pregnancy or breastfeeding;
7.  Polycystic Ovary Syndrome (PCOS).
8.  being on glucose-lowering or cholesterol-lowering medications;
9.  any previous acute cardiovascular events;
10.any previous bariatric surgery;

Treatment Group Placebo Group p

Subjects (n.) 50 50 -

Male (n.) 25 27 .315

Age (year) 53.03±7.11 54.16±6.14 .287

Waist circumference (cm) 115.00±9.12 113.41±13.22 .671

BMI (kg/m2) 34.46±4.24 35.34±2.07 .512

Trunk fat level (%) 44.34±5.17 44.04±6.23 .214

Visceral fat level (%) 24.05±6.41 22.18±8.60 .338

Systolic BP (mmHg) 148.42±12.68 146.39±11.07 .619.

Diastolic BP (mmHg) 98.32±5.75 97.48±5.67 .227

Heart rate (beats/min) 73.04±7.61 72.82±9.37 .189

Fasting plasma glucose (mg/dl) IFG sujects 
[n 7] IGT subjects [n 47]

114.73±2.81
95.60±3.13

115.06±2.84
93.40±3.53

.214

.324

2h after a 75-g OGTT (mg/dl) IFG subjects 
[n 7]  IGT subjects [n 47]

130.51±3.36
179.6±8.6

128.62±2.82
181.6±3.2

 .314
.226

Fasting plasma glucose overall (mg/dl) 97.31±2.03 96.43±1.81 .307

HbA1c (%) 5.26±0.37 5.19±0.48 .229

HOMA-R 4.80±0.82 4.54±0.75 .313

eGFR (ml/min/1,73 m2) 86.07±9.15 89.21±12.35 .417

Total cholesterol (mg/dl) 230.18±18.34 237.43±15.53 .289

HDL cholesterol (mg/dl) 41.65±3.49 41.37±4.19 .216

Figure 1: Schematic representation of the study protocol
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Treatment Group Placebo Group p

LDL cholesterol (mg/dl) 151.09±18.75 153.67±14.48 .331

Triglycerides (mg/dl) 198.37±23.62 199.28±18.32 .724

AST (IU/L) 29.16±9.02 29.24±8.20 .338

ALT (IU/L) 29.33±8.06 27.65±9.09 .187

γGT (IU/L) 21.32±7.23 24.33±5.27 .219

Uric Acid (mg/dl) 7.52±1.34 7.47±1.56 .611

Cardiovascular risk factors

Elevated waist-hip ratio (%) 65 61 .229

Recent or current smokers (%) 15 16 .174

Low concentration of HDL cholesterol (%) 60 62 .310

Family history of premature heart disease (%) 10 11 .243

Hypertension (%) 58 55 .267

> 2 Risk Factors (%) 79 80 .335 

Table 1: Clinically relevant parameters at baseline: no significant differences were found 
between groups. Absolute, percent or M ± SD values were reported depending on 
individual parameters. (Treatment Group = on Kirocomplex; P Group = Placebo Group)

During the study all patients received a low-calorie diet (20–25% less than the amount of calories required to maintain current 
weight) varying in percentages of proteins (10–20%), fat (20–30%, saturated being less than 10%), and carbohydrates (50–60%, 
sucrose being less than 5%) to meet individual tastes and wishes at best. Favorite carbohydrate sources were starches with a low 
glycemic index and high soluble fiber content (35 g/day). Enrolled patients did not exceed 3000 steps per day, i.e. 3 Metabolic 
Equivalent of Task / day (MET), and ingested less than 30 or 15 g ethanol per day whether male or female, respectively; 16 subjects 
from the treatment group and 14 from the control group were smokers (13 ± 4 cigarettes / day and 10 ± 5 / day, respectively). 

The following parameters were measured at baseline, as well as, 12 and 24 weeks into the study by a high performance autoanalyzer 
(Automatic biochemistry analyzer with integrated system Selecta Pro XI, Elithech, USA): Fasting Blood Glucose, Insulin, Total 
Cholesterol, HDL Cholesterol, LDL Cholesterol, Triglycerides, and Uric Acid. HOMA-R (i.e. Insulin Resistance index) was 
calculated according to the Homeostatic Model Assessment). Anthropometry (weight, height, BMI, waist circumference or WC, 
waist to hip ratio) and bioimpedance results (percent abdominal fat) were also recorded at the same time points.

Besides AST, ALT, total bilirubin, serum albumin, γ-glutamyltransferase, alkaline phosphatase, urea nitrogen and creatinine 
measured through the above mentioned autoanalyzer, red/white blood cell and platelet counts (Countess II Automated Cell 
Counter, Thermo Fischer, USA) were recorded at baseline and after 3 and 6 months along with any side effects assessed using a 
semi-quantitative scale. 

Bioimpedance Analysis (BIA): Abdominal fat was measured using an innovative bioimpedance device (Bia-TANITA AB140 
ViScan, BIO) [37], consisting of a laser beam guided band pointing to the navel with four electrodes placed directly on the 
abdomen, being the subject in the supine position. To ensure highly accurate and repeatable results, waist circumference (WC) 
was measured using the base unit itself with an infrared system. WC, trunk fat (TF), and percent visceral fat (VF) were thus 
evaluated at enrollment and after 6 and 12 months of treatment.

Diet Adherence: All subjects completed a questionnaire (Q) to evaluate diet adherence during the treatment period. Q consisted 
of five questions including the frequency of nutritional advice breaches and the type and amount of food eaten outside the 
recommended value. Four deviations per week from the recommended diet within 250 calories The questionnaire had been 
previously tested for validity and reliability in a sample of 10 health care workers, by verifying the concordance of the answers 
given three times in a two-week period by the same subject (mean concordance degree of 95±5 %) as previously described [38].

Cardiovascular Event Risk Score: The 10 year chance to undergo cardiovascular events was calculated on the basis of the CV risk 
score developed by the Italian Health Institute (ISS, Istituto Superiore di Sanità; “Progetto Cuore”) taking into account age, gender, 
smoking habits, blood pressure levels, glucose, total and HDL cholesterol [39-41].

Statistics: On the basis of the primary outcome endpoint, the estimated sample size for this study to have a power of 90% with an 
alpha error of 0.02 to yield a statistically significant result was 50 pairs of subjects. After taking into consideration the presence of 
a secondary outcome and the possibility of dropouts, we decided to increase our sample size, including all 60 consecutive pairs of 
subjects who met the inclusion criteria. Results were expressed as mean ± SD or % of the fifty couples who completed the study. 
Ten couples dropped out for personal reasons, not because of any side effects. Observed treatment and differences were tested 
by repeated measures analysis of variance (rANOVA) integrated by the Bonferroni test and the two-tailed paired Student’s t-test 

Safety Parameters
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with 95% Confidence Intervals (CI) for parametric and Mann–Whitney’s U test for non-parametric variables defined according to 
the Kolmogorov-Smirnov test. The χ2 test with Yates correction or Fisher Exact test was used to compare categorical variables. A 
p<0.05 was chosen as the least acceptable level of statistical significance. All the evaluations were performed using the SPSS/PC+ 
software (IBM SPSS Statistics version 18.2). 

Adherence to diet was high in both groups (89% vs 92% in K and P, respectively; p n.s.). 

Reported side effects were mild and quite similar across groups. In greater detail, the following were recorded in K vs P subjects, 
respectively: drowsiness (n=1 vs n=1), acid regurgitation (n=2 vs n=2), post-prandial nausea/vomiting (n=1 vs n=1), itching (n=1 
vs n=1), headache (n=1 vs n=3), dizziness and/or fainting (n=1 vs n=1), cold sweat with/without hunger pangs (n=2 vs n=3), 
palpitation (n=2 vs n=3), tachycardia (n=1 vs n=1). No people experienced constipation. In most cases unwanted effects tended 
to resolve spontaneously during treatment. Percentage variations in biochemical safety parameters during the study period were 
similar in the two groups, ranging 0.2 to 0.5%. 

As summarized in Table 2 and 3, most investigated parameters significantly and steadily improved in the T Group with respect to 
both baseline and P Group. In greater detail, active treatment proved to be able to significantly reduce uric acid, systolic/diastolic 
blood pressure levels in the T group, and to cause a more relevant decrease in the latter than in the P Group as for BMI, WC (mean 
difference 27±3 cm vs 13±3 cm, respectively; p<0.01), as well as, in percent TF (13.5±2% vs 8±1%, respectively) and VF (10±1% 
vs 3±1%, respectively) (Figures 2 and 3). Other modifiable cardiovascular risk factors also displayed the following % improvement 
with respect to baseline: waist to hip ratio -12.7% vs -5.2% (p<0.001); HDL cholesterol +17.2% vs +2.4% (p<0.001); systolic BP 
-8.2% vs -2.1% (p<0.01); diastolic BP -5.9% vs -1.5% (p<0,01) in the T versus the P group, respectively. HbA1c levels kept within 
normal limits and displayed virtually no changes while fasting plasma glucose levels significantly decreased in the T group only, 
as summarized in Table II bis,. 

Results

Comparison of lipid parameters between treatment groups

Total Cholesterol
(mg/dl)

HDL Cholesterol 
Cholesterol (mg/dl)

Triglycerides
(mg/dl)

LDL Cholesterol
(mg/dl)

T Group P Group T Group P Group T Group P Group T Group P Group

Baseline
T0 230.18±18.34 237.43±15.53 41.65±3.49 41.37±4.19 198.37±23.62 199.28±18.

32 151.09±18.75 153.67±14.48

12 weeks
% ∆ vs T0

201.44±14.43*
-13**

217.76±18.97
-8

43.65±4.67
+5

42.41±4,34
+3

176.69±16.74*
-11*

187.41±16.
65-6

123.35±12.43*
-18*

138.68±15.74
-10

24 weeks
% ∆ vs T0

178.43±16.19**#
-22**

198.58±17.81*
-16*

48.95±3.76*#
+18*

42.49±4.33
+3

148.35±13.45**#
-25**

185.57±15.
68-7

100.48±14.39**#
-33**

139.49±12.70
-9

**p<0.01, *p<0.05 vs baseline; # p<0.01, § p<0.05 vs Placebo group

Comparison of HOMA-R and bioimpedance parameters between treatment groups

HOMA-R WC (cm) TF (%) VF (%)

T Group P Group T Group P Group T Group P Group T Group P Group

Baseline
T0 4.81±0.82 4.55±0.74 115.00±9.12 113.41±13.22 44.34±5.17 44.04±6.23 24.05±6.41 22.18±8.60

12 weeks
% ∆ vs T0

3.3±0.8*
-31*

4.43±0.62
- 2

96.22±4.17*
-17

111.43±11.30
-2

36.14±4.02*
-17*

40.06±6
-9

19.06±6.24*
-21*

20.41±8.25
-8

24 weeks
% ∆ vs T0

2.63±0.51**#
- 46**

4.34±0.61
-4

88.24±5.31*#
- 23*

100.57±!4.34
-11

31.46±3.24**#
-29**

39.98±5.89
-9

14.43±4.24** #
-40**

19.97±9.97
-10

**p<0.01, *p<0.05 vs baseline; # p<0.01, § p<0.05 vs Placebo group

Uric Acid
(mg/dl)

SBP
(mmHg)

DBP
(mmHg)

HbA1c
(%)

T Group P Group T Group P Group T Group P Group T Group P Group

Baseline
T0 7.52±1.34 7.47±1.56 148.42±12.68 146.39±11.07 98.32±5.75 97.48±5.67 5.26±0.37 5.19±0.48

12 weeks
% ∆ vs T0

5.45±0.63**#
-28**

7.28±0.98
-3

126.67±18.86*§
-15

141.87±11.92
-3

81.57±4.91*
-17

96.58±6.76
-1

5.26±0.44
0

5.19±0.46
0

24 weeks
% ∆ vs T0

4.29±0.58**#
-43**

7.09±0.57*
-5

123.86±15.57**#

-17
138.76±14.86**#

-5
78.57±8.44**#

-18
95.38±9.86

-2
5.45±0.37

+4
5.47±0.28

+5

**p<0.01, *p<0.05 vs baseline; # p<0.01, § p<0.05 vs Placebo group
Table 2: Effects of a 24-week treatment on biochemical, clinical and bioimpedance 
parameters (M±SD); (T Group and P Group as reported in Table 1)
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FASTING PLASMA GLUCOSE 
(mg/dl)

FASTING PLASMA GLUCOSE FASTING PLAS-
MA GLUCOSE

FASTING PLASMA 
GLUCOSE

FASTING PLAS-
MA GLUCOSE

IFG patients (n = 7) (mg/dl) 
 Baseline 114.72±2.80 115.81±2.83 .6281

24 weeks
% ∆ vs T0

81.16±3.21*
(-29%)

104.13±3.41
(-10%) .0365

IGT patients (n = 47) (mg/dl)
 Baseline 95.62±3.13 93.42±3.53 .5837

 24 weeks
% ∆ vs T0

80.25±3.36 *
(-16%)

84.07±4.16
(-10%) .8292

Overall (n = 50) (mg/dl) 
 Baseline 97.31±2.03 96.43±1.81 .6374

 24 weeks
% ∆ vs T0

80.33±4.31
(-19%)

87.24±4.25
(-10%) .559

* p vs baseline

Table 3: Fasting plasma glucose levels observed in IGF and IGT patients 

Figure 2: Comparison between Treatment Group (blue columns) and Placebo Group (red columns) with respect to Waist 
Circumference (cm), Truncal Fat (%), and Visceral Fat (%) at 12 (T12-w) and 24 (T24-w) treatment-week: * p<0.05 vs baseline; 
**p<0.01 vs baseline: the horizontal bars indicate the significance of the differences between groups at the single time points.
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Figure 3: Comparison between Treatment Group (blue columns) and Placebo Group (red columns) with 
respect to BMI (M±DS; kg/m2) during a 24-week treatment period (**<0.01 vs baseline; * p<0.05 vs baseline). 

Discussion 
The association of D-Chiro-Inositol, Myo-Inositol and Polygonum cuspidatum extract on Magnesium hydroxide titrated to at 
least 30% Resveratrol is a stable nutraceutical combination, marketed under the name of Kirocomplex®. The complementary 
biological characteristics of all three components have been proven by several in vitro and in vivo studies, and especially in clinical 
conditions characterized by high insulin-resistance as obesity, metabolic syndrome or gestational diabetes. Their beneficial health 
effects are essentially based on powerful anti-oxidant properties expected to act as preventative and therapeutic tools against 
chronic-degenerative diseases including atherosclerosis, metabolic syndrome and or obesity, osteoporosis, diabetes, cancer, some 
inflammatory and neuro-degenerative conditions, as well as, skin aging [21-30].

If the favorable effects of MY and DCI in various morbid conditions are well established, there are still some uncertainties concerning 
the clinical relevance of R. In fact, many in vitro and preclinical studies [42-44] point to its anti-inflammatory effect and suggest 
its use in cardio-vascular diseases, obesity, dyslipidemia and metabolic syndrome with and without overt diabetes mostly based on 
observed changes in risk factors for those diseases. In particular, in an in vitro model on Human Simpson-Golabi-Behmel syndrome 
pre-adipocytes and adipocytes, R inhibited preadipocyte proliferation and adipogenic differentiation in a Sirt1-dependent manner 
[42]. Moreover, in human adipocytes, it enhanced basal and insulin-stimulated glucose uptake, inhibited de novo lipogenesis by 
reducing lipogenic gene expression and down-regulated the expression and secretion of interleukin-6 and interleukin-8, thus 
proving to act on adipose tissue mass and function in such a way as to potentially counteract obesity and related comorbidities [42]. 

Preclinical trials [45,46] suggest that R mimics the metabolic effects of calorie restriction. In experimental animals, this potential 
translates into prevention or improvement of inflammation, disglycemia, cancer, and nonalcoholic fatty liver disease. A meta-
analysis including 736 subjects from 17 RCTs concerning the effects of Resveratrol supplementation on inflammatory markers 
provided evidence in favor of a significant reduction of TNF-α and hs-CRP levels [44]. Nevertheless, evidences of positive effects in 
human diseases are scanty. The lipid profile improved in both groups, probably depending on diet effect per se, yet got significantly 
better in those on active treatment. 

Our study addresses clinical objectives for the first time in a population at high risk for cardiovascular disease, documenting a 
series of beneficial effects of Reversatrol in association to MY and DCI.

No relevant side effects were recorded in the T group per se and compared to the P Group, as also witnessed by no treatment 
discontinuation. 

Baseline CV event risk scores were statistically undistinguishable between groups and were therefore pooled together for further 
analysis by gender and smoking habits, which showed mean values of 12.1±1.6 (range 8.4-14.7) in males, with a marked difference 
between nonsmokers (10.1±1.2, range 7.8-11.8) and smokers (14.6±2.2, range 10.5-16.9), and of 10.1±2.1 (range 8.8-13.3) in females. 
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Improved uric acid levels in the treatment group deserves special consideration based on the fact that high uric acid levels are 
considered proinflammatory and have been extensively reported to be associated with cardiovascular risk score [49-54]. 

The favorable changes observed in HOMA index, lipid profile, and general parameters such as body composition and CV risk 
factors, including arterial pressure, can also be explained by the anti-inflammatory effects of the two associated compounds per se 
i.e. independently of fasting plasma glucose and HbA1c levels [55].

The fact that most metabolic results were observed only in the T group can find explanations in the effects of individual tablet 
components. In fact, MY insulin resistance counteracting ability is well known from studies performed in women with the 
polycystic ovary syndrome, and R has been described as a calorie restriction mimicking agent and reported to improve exercise 
performance, energy expenditure and insulin sensitivity, as well as, to reduce body fat content through blunted adipogenesis and 
increased lipid mobilization from the adipose tissue [47].

The potential anti-obesity effects was supported by numerous cell-culture and animal studies showing that those compounds 
regulate energy intake / expenditure, adipocyte life cycle and function, white adipose tissue (WAT) inflammation, and gut 
microbiota composition by targeting multiple molecules and signaling pathways [48].

Conclusion 
The results of our 24-week pilot study on 50 pairs of pre-diabetic subjects without previous CV-events and with obesity/overweight, 
high insulin resistance and altered lipid profile show that the nutraceutical association under study was able to improve (i) several 
metabolic parameters and insulin sensitivity, as witnessed by HOMA-R decrease, (ii) cardiovascular risk factors, such as blood 
pressure, lipid profile and urate levels [39], and (iii) anthropometric parameters, including body fat distribution. All this suggests 
its ability to positively affect energy balance at multiple sites with respect to placebo. These results are particularly relevant in 
the subjects studied, because they have a high cardio-vascular risk, due to overweight / obesity, dyslipidemia, marked insulin-
resistance and high risk of developing diabetes.

Treatment seems to be safe and tolerated at the tested doses, with minimal unwanted effects, contrary to what sometimes attributed 
to resveratrol [43].

The originality of our findings lies on the following: (i) the study was conducted for 24 weeks on a homogeneous series of subjects 
with a high cardio-vascular risk; (ii) a significantly lower abdominal adiposity was attained in T Group; and (iii) for the first time 
a significant decreasing effect on circulating uric acid was described in T Group.

Our results warrant further confirmation in larger and longer trials, of course, but point to a new possible clinical use of 
Kirocomplex®, aimed at treating abdominal fat in overweight/obese patients with high cardio-vascular risk factors, and further 
pave the way to RCTs of primary and secondary prevention on patients with metabolic diseases well established with and without 
CV-events [56].

Limitations

Compliance with Ethical Standards

Ethical Standard

Human and Animal Rights

Informed Consent

The main limitations of our study are the small number of subjects and the limited period of observation. However, this choice 
reflects our will to test the association of myinositol, D-chiro-inositol and resveratrol on a limited number of subjects and for 
a short period first, before organizing a wider and longer-lasting trial. Another limitation is the large ranges of our population 
age and BMI. Nevertheless, the latter limitation is somewhat mitigated by the close similarity displayed by those two parameters 
between groups, which should in fact give credibility to our results.

Ours was a spontaneously born, unconditioned study organized and authorized by the Ethics Committee of the Campania 
University “Luigi Vanvitelli”, Naples, Italy ((Trial registration number 119, 10.01.2018).).

This study was conducted in conformance with good clinical practice standards. The study was led in accordance with the 
Declaration of Helsinki 1975, as revised in 2008. 

All followed procedures were in accordance with the ethical standards of the responsible committee on human experimentation 
(institutional and national).

Written informed consent was obtained from all participants before enrollment.
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