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Abstract

Background: Dysglycemia is a subclinical condition of altered glucose levels
(intermediate hyperglycaemia), considered as a high-risk factor for diabetes and
cardiovascular diseases. Lifestyle change, including diet and exercise, along with the
management of blood glucose levels is the primary prevention of diabetes. Aim: In
this clinical study, we investigated the potential role of a nutraceutical compound,
based on Mediterranean citrus extracts, in regulating blood glucose in dysglycemic
adults. Material and Methods: 40 adults with dysglycemia (100-125 mg/dl) were
instructed to take a food supplement based on 460 mg Lemotrin® complex plus
100 pug chromium picolinate, 1 tablet twice a day during main meals for 12 weeks, in
addition to general indications of a Mediterranean diet, maintaining overall constant
dietary habits. Reduction of blood glucose levels was set as primary endpoint, while
reduction of HOMA index, insulinemia, body weight, abdominal circumference and
improvement of the lipid profile as secondary endpoints. Results: After 12 weeks
significant reductions of fasting blood glucose (-7.7%), fasting insulin (-31.6%),
HOMA-index (-35.73%), glycated haemoglobin (Alc) (-4.78%) levels were observed,
with a non-significant body weight reduction. Conclusion: Our findings suggest that
the supplementation of Mediterranean citrus complex improves the glycemic profile
in subjects with dysglycemia.
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Introduction

Dysglycemia is defined as an “altered state of hyperglycaemia
with glucose levels below the diagnostic levels of diabetes™!.
The European guidelines, suggest a more appropriate term, such
as "carbohydrate intolerance", to underline that not necessarily
a subject will become diabetic, while the Italian guidelines
AMD-SID (Associazione Medici Diabetologi -Societa Italiana
di Diabetologia) suggest to define precisely the various types
of dysglycemia: impaired fasting glucose (IFG:100-125 mg/
dl), impaired glucose tolerance 2 hours after oral glucose load
(IGT:140-199 mg/dl) and glycated hemoglobin (HbA1c) values
between 42 and 48 mmol/mol (6.00%-6.49%) 2. According
to the data published by the American Diabetes Prevention
Program, 11% of people with dysglycemia develop type 2
diabetes within three years, while one in four patients within
five years; in Europe, about 63 million have dysglycemial®. It is
generally a clinically silent condition, associated with increased
body weight, increased insulin resistance, and decreased insulin
secretion due to a lower B-cell function; the worsening of
these parameters is related to the progression to diabetes!**.
Dysglycemia is considered a risk factor not only for diabetes
but also for cardiovascular diseases’. In patients with type 2
diabetes, an association has been shown between the degree of
hyperglycaemia and increased risk of neuropathy, nephropathy,
myocardial infarction, stroke, peripheral atherosclerotic
disease, cardiovascular mortality, and all-cause mortality. A
point (1%) reduction in the HbAlc level can reduce the risk of
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microvascular complications by more than 30% over timel'*!!1.

Insulin and glucagon are the two primary hormones that regulate
the levels of glucose. An increased insulin secretion causes
insulin resistance, an impaired sensitivity to insulin, making
this hormone less effective; insulin resistance is associated with
hypertension, thus prediabetic people may be more atrisk to have
altered blood pressure!'>!3!. Thus, a tight control of glycemia and
hypertension is mandatory in primary prevention!'. An earlier
diagnosis will allow earlier intervention, potentially reducing
the onset of diabetes. Dietary recommendations are pivotal
components of a correct lifestyle for prevention and treatment
of type 2 diabetes and of the associated metabolic derangement
(obesity, hypertension, dyslipidemia); however, it is difficult to
follow them for a long term. Pharmacotherapy is necessary for
patients not compliant or failing to reach the target blood glucose
levels with the lifestyle modification alone!'>'®.. However,
adverse effects can occur when approaching the available drugs
to lower blood glucose levels and improve insulin sensitivity.
Therefore, an alternative way to modulate blood glucose profile
may be the use of nutraceutical compounds , that are generally
considered safe and free from significant side effects.
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Aim of the study

Polyphenols are a class of plant compounds with various
antioxidant and anti-inflammatory actions: They play an
important protective role in metabolic and cardiovascular
diseaset!".

In this observational pilot study, we reported our real life clinical
experience on the potential role of a nutraceutical compound,
based on Mediterranean extracts from Citrus, in regulating
blood glucose levels in dysglycemic people.

Secondary outcomes were to evaluate the effect of the compound
on lipid profile and nutritional status (weight, body mass index
and waist circumference).

Materials and Methods

In this observational real life pilot study, 40 outpatients with
Impaired Fasting Glucose levels (IFG) were screened and
enrolled. They were in follow up at diabetes unit of S. Camillo
hospital, Rome.

The patients were extracted from the database smartdigitalclinic
® (Meteda, Italy) among those with the last visit in the previous
12 months. Inclusion criteria were: Men and women with an
age of 40-70 years and dysglycemia (fasting blood glucose
levels=100-125 mg/dL and HbA1c=6,00-6,49%) on at least
two consecutive occasions. Dysglycemia was recognized and
diagnosed within the last 2 years. In previous visits patients
were evaluated from a nutritional point of view: All received
counselling about lifestyle changes, including increase of
physical activity; a personalized diet was prescribed according
to Mediterranean pattern; overweight ones had a hypocaloric
prescription (20-25 kcal/kg), normal weight had 25-30 kcal/kg.
Proteins were 1.0-1.1 g/kg/day with a particular recommendation
to include plant foods (legumes, pulses) 2-3 times a week;
carbohydrate were 40%-50% of total caloric intake, fiber 15
g/1000 kcal; fats were about 30% with high monounsatured/
satured ratio; a moderate sodium restriction was recommended
in hypertensive patients.

The subjects were telephonically invited to be reevaluated;
in the first visit (TO) those with unchanged or worsened
laboratory tests notwithstanding the adherence to lifestyle
intervention program were enrolled (TO). Exclusion criteria
were: Hyperglycemia secondary to pathological or iatrogenic
causes, systemic diseases associated with hyperglycemia,
current or previous diagnosis of diabetes (Type 1 or Type 2),
uncompensated dysthyroidism, treatment with drugs potentially
interacting with glucose metabolism (e.g. corticosteroids,
atypical antipsychotics), currently pregnant or planning to
become pregnant in the subsequent 12 weeks, recent myocardial
infarction (less than 6 months), vascular surgery or stroke
within the past year, allergy to one of the components of the
food supplement. The participation to the study was voluntary,
they all were adequately informed of the aims, methods, clinical
evaluation details, and signed an informed consent. The study
was performed at the Diabetology department, San Camillo
Forlanini Hospital, Rome, in accordance with the current
legislation and the declaration of Helsinki.

The diet and the current pharmacological therapy (e.g.

anthypertensive, acetylsalycilic acid, fibrates) was not changed,
no other nutraceutical supplementation was taken.

All subjects were instructed to take a food supplement based
on Mediterranean extracts (460 mg Lemotrin® complex: 20%
polyphenols from Citrus limon Risso fruit extract (Eriocitrin,
Hesperidin, Narirutin), 28% hesperidin and other polyphenols
(Didymine, Narirutin) from Citrus Sinensis L. Osbeck fruit
extract) and anthocyanins, plus 100 pg chromium picolinate (the
product was provided by Esserre Pharma, Rome, Italy): 1 tablet
2 times a day during main meals for 12 weeks, in addition to a
recommended Mediterranean diet, maintaining overall constant
dietary habits. the nutraceutical compound was given free. All
the patients were evaluated after 12 weeks (t1): during the visit
body weight, blood pressure, diet and therapy adherence were
checked. Parameters detected were: Fasting blood glucose,
Glycosylated hemoglobin (HbA1c¢), fasting insulinemia, HOMA
index, body weight, abdominal circumference, Total Cholesterol
(TC), Low-Density Lipoprotein Cholesterol (LDL-c), High-
Density Lipoprotein Cholesterol (HDL-c), Non-High-Density
Lipoprotein Cholesterol (Non-HDL-c) and Triglycerides (TG).

The Primary endpoint was the improvement of the glucose
metabolism parameters (fasting glycemia and HbAIc).
Secondary endpoints were: reduction of HOMA index,
fasting insulinemia, body weight, abdominal circumference
and improvement of the lipid profile (Total Cholesterol
(TC), Low-Density Lipoprotein Cholesterol (LDL-c), High-
Density Lipoprotein Cholesterol (HDL-c), Non-High-Density
Lipoprotein Cholesterol (non-HDL-c) and Triglycerides (TG)).

Statistical analysis

To evaluate the effect of the product in the single group, One-
way repeated measures ANOVA test was used. A significance
level of <0.05 was considered. Analyses were performed using
Free Statistics Calculators version 4.0 © 2006-2022.

Results

The enrolled population characteristics are summarized in Table
1. Mean age was 62.59 £ 9.31 years, and Body Mass Index
(BMI) 28.87 + 4.28 kg/m2. One subject was excluded due to

the occurrence of pregnancy. None experienced adverse events
during the trial. After 3 months of supplementation, fasting
blood glucose and HbAlc significantly decreased (-7.7% and
-4.8%, respectively), when compared to baseline (p<0.0001)
(Figure 1). Fasting insulin and HOMA-index were reduced by
31% (p<0.05) and 35.7%, respectively, compared to baseline
(p=0.01). There were no significant changes in TC, LDL-c,
non-HDL-c and TG levels between TO and T1. After 3 months,
HDL-c increased significantly by 10% when compared to the
baseline levels (p<0.05). After 3 months of supplementation,
body weight, BMI and abdominal circumference were slightly
reduced, however data was non-significant. Blood pressure did

Table 1: Baseline characteristics of the study group.
Study group 39 subjects

Age (years) 62.59 + 9.31
Gender (M/F) 18/21
BMI (Kg/m2) 28.87 +4.28
Hypertension 41%
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Figure 1: (A) Fasting blood glucose; (B) Fasting insulin; (C) HOMA-index; (D) HbA1c; measures on 39 subjects at the baseline and after
3 months of supplementation with the food supplement based on Mediterranean citrus extracts. One-way repeated measures ANOVA test.

*p<0.05, **p < 0.01, ***p < 0.0001 T1 vs baseline.

Table 2: The variables measured on 39 subjects at the baseline and after 3 months of supplementation with the food supplement.

One-way repeated measures ANOVA test. P-value T1 vs baseline.

Variable TO

Weight (Kg) 80.61 + 14.47

BMI (Kg/m2) 28.87 £4.28
Total cholesterol (mg/dl) 191.38 £ 33.37
HDL (mg/dl) 52.25 + 11.06
non-HDL (mg/dl) 139.13 £ 32.37
Triglycerides (mg/dI) 127.82 £ 40.82
LDL (mg/dl) 113.56 + 32.82
Systolic pressure 123.48 £ 8.16

Diastolic pressure 72.94 +7.50

Abdominal Circumference (cm) 104.44 £ 10.99

not change throughout the study. Final values and differences
of all variables (i.e., difference between baseline value and final
value) are summarized in Table 2.

Discussion

In this study our real life experience on the effects of a
nutraceutical compound based on Mediterranean citrus extracts
and chromium is reported. The small size of the sample and the
lack of a control group characterize the study as a pilot one;
the results must be considered as preliminary and require to be
confirmed.

The selected patients were adults (more than 40 years); they
had a confirmed diagnosis of dysglycemia from almost 2 years,
and were in active follow up; according to current guidelines,
diagnosis was not confirmed with first line tests (oral glucose
tolerance test particularly). The findings of this pilot study
show that the daily intake of a nutraceutical compound based
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T VAR% p-value
77.63 +13.82 -3.69 NS
27.81+£4.09 -3.69 NS

184.77 £26.72 -3.46 NS
57.54 £ 9.51 10.11 0.027
127.23 £27.38 -8.55 NS
113.46 £ 35.75 -11.23 NS
104.54 £+ 27.23 -7.95 NS
121.25+6.93 -1.81 NS
70.92+7.85 -2.78 NS
101.61 £9.79 -2.71 NS

on Mediterranean citrus extracts and chromium significantly
decreased fasting blood glucose, fasting insulin, HOMA-index
and HbAlc levels in dysglycemic outpatients in the short
term. HDL-c significantly increased, while TC, LDL-c, non-
HDL-c and TG levels decreased, although not significantly.
As a healthy nutrition remains the cornerstone of dysglycemia
and type 2 diabetes prevention, during the last decades a large
attention has been given to flavonoid rich plant extracts!'®].
Indeed, their multiple positive health effects on metabolic
disorders, diabetes, cardiovascular disease, and obesity have
been investigated!'”). Flavonoids exert their antidiabetic
activity supporting the regulation of carbohydrate digestion,
insulin signalling, insulin secretion, glucose uptake, glucose
metabolism, and fat storage!'*?”. Fruits and vegetables are
rich in flavonoids, and differences in quantities and type of
compounds can be found in juices and peels. Citrus fruits, such
as oranges and lemons, contain many flavanones, in particular
hesperidin, narirutin, eriocitrin, naringenin. Anthocyanins,
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belonging to the flavonoids group, are soluble vacuolar pigments
that confer the singular red colour to blood oranges (or other
types of fruits and vegetables such as red grapes, pomegranate,
berries). In particular, oranges are considered a rich source of
hesperidin and naringin, the first representing more than 90%
of the flavonoids in sweet oranges, and, far behind naringin;
red orange juice is rich in anthocyanins and reduces weight
and blood lipids in female obese subjects?'-3l. Citrus fruits peel
contains the highest concentrations of hesperidin, compared
to citrus/orange juices?. As a nutraceutical compound it
can be considered safe due to its non-accumulative nature®,
Hesperidin has been shown to play a relevant role in glucose
metabolism, both in vitro and in animal models. Indeed, in
hepatocyte cell line HepG2, neohesperidin (derived from
hesperidin) increased the phosphorylation levels of Adenosine
Monophosphate (AMP), Activated Protein Kinase (AMPK)
resulting in glucose consumption®®. Two different studies
confirmed the action of hesperidin on the induction of glucose
uptake”?%1, One study showed how hesperidin is able to improve
insulin resistance by regulating the insulin receptor substrate 1
(IRS1)-Glucose Transporter (GLUT)-2 pathway via Toll-Like
Receptor (TLR)-4. The other investigated also the antioxidant
potential of hesperidin and hesperetin under oxidative stress
as this is associated with diabetes. Treatment with hesperidin
and naringin in diabetic animals reduced the levels of glucose
and Alc, as well as inflammatory parameters, such as Tumor
Necrosis Factor Alpha (TNFa), Interleukin (IL)-6 and Nitric
Oxide (NO)®. Thus, these experimental findings demonstrate
how hesperidin and naringin exhibit antidiabetic effects against
diabetic animal models, by potentiating the antioxidant defence
system and inhibiting proinflammatory cytokine production.
Hesperidin has been clinically tested in subjects with metabolic
syndrome showing a reduction of fasting blood glucose levels
after 12 weeks of consumption®®®. Clinical studies have shown
a reduction of blood glucose and insulin fasting levels, as well
as HOMA index after daily consumption of orange juice in
healthy women and obese subjects following a low-calorie diet
1321 Naringenin, a saturated oxidized aglycone, has a wide
range of biological activities, such as antioxidant, antidiabetic,
anti-obesity, anti-inflammatory, and it increases muscle cell
glucose uptake via AMPKE*34, Eriocitrin has shown to reduce
TNF-a, endothelial nitric oxide synthase, intercellular adhesion
molecule 1 (ICAM-1), and Vascular Endothelial Growth Factor
(VEGF) resulting in lower oxidative stress and inflammation;
all these effects are related to improved metabolism of lipids
and glucose in animal model™5*¢). Also, anthocyanins have been
shown to reduce blood glucose levels by improving insulin
sensitivity and insulin secretion and lowering the digestion
of sugars within the intestinel®”. Indeed, it has been clinically
confirmed that a dietary intake of anthocyanins reduces the
risk to develop type II diabetesB¥. Our tested food supplement
also contains chromium, a micronutrient involved in different
metabolic pathways, that has been shown to regulate blood
sugar and reduce insulin resistance %, The increased cellular
glucose uptake exerted by chromium has been explained
through its different molecular mechanisms: By the induction
of the kinase activity of insulin receptor B, the increased activity
of downstream effectors of insulin signaling pI3-kinase and Akt
and the Sepmented Glut4 translocation to the cell surface.

Overall, this study shows an improvement of the glucose
metabolic parameters in subjects with prediabetes after three
months of supplementation with the Mediterranean citrus
complex. A positive impact was seen also on the lipid profile,
although not significant; only HDL was significantly improved.
A slight not significant body weight and waist circumference
decrease has been observed: it may be due to a higher adherence
during the new approach to the care (“trial effect”). Indeed, our
results are in line with other clinical studies that reported an
inconclusive effect of hesperidin on CVD risk factors, such the
lipid factors™!l. Therefore, the synergy between citrus extracts
rich in flavonoids, such as hesperidin and anthocyanins, in
combination with chromium could be an effective and safe
option to regulate the plasma glucose levels in dysglycemic
subjects.

Conclusion

Strength of this pilot study is the first demonstration of an in
vivo effect of a nutraceutical compound, containing a flavonoid
complex from citrus, in regulating the plasma glucose levels in
dysglycemic subjects. The real life setting excluded significant
side effects and put in evidence a good tolerance and satisfaction
of the patients who had a good adherence to the therapy.

Limitations are the small number of included subjects and the
lack of a control group. Further long-term controlled studies
are warranted to confirm the effect of citrus flavonoids in
combination with chromium in the management of dysglycemia.
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