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Dietary and nutraceutical approach to type 2 diabetes 

Giuseppe Derosa1,2, Celina Preciado Limas3, Pilar Ceballos Macías3, Aceves Estrella3, Pamela Maffioli1

A b s t r a c t

Nutritional medical treatment is the first step to achieve adequate glycemic 
control and prevent diabetic complications. Lifestyle changes include mod-
erate weight loss (7%) and regular physical activity (150 min/week). The ap-
propriate diet composition is < 30% total fat, < 10% saturated fats, > 15 g/ 
1000 kcal fiber, half soluble, 45–60% of carbohydrates with a moderate in-
take of sugar (50 g/day) and protein intake of 15–20% of the total calories 
a day. Patients need to limit the intake of saturated fats to < 7% of the daily 
calorie intake. Monounsaturated fatty acids such as olive oil and other veg-
etable oils are recommended. L-carnitine, α-lipoic acid, berberine and ω-3 
fatty acids can be useful supplements. 
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Introduction

Type 2 diabetes mellitus is one of the most widespread endocrinologi-
cal diseases in the general population and especially among hospitalized 
patients. It was estimated to affect 2.8% of the worldwide population in 
the year 2000, and it is expected to affect 4.4% in 2030 due to the popu-
lation aging and a constant increase in obesity; this situation is reaching 
the classification point of an “epidemic” phenomenon [1]. 

Type 2 diabetes involves every aspect of the patient’s life; it is asso-
ciated with an increase of cardiovascular risk, and can cause diabetic 
nephropathy, retinopathy, and diabetic neuropathy. In particular, auto-
nomic neuropathy can cause a significant increase in P-wave duration 
and dispersion, which might be responsible for the recurrence of atrial 
fibrillation [2]. Type 2 diabetes is closely associated with obesity, and it 
is known that adipose tissue serves as an important active endocrine 
organ that produces a number of hormone-like compounds that can in-
crease insulin resistance [3]. 

In recent years, several studies have shown that obesity may cause 
cardiovascular disease through different mechanisms such as sub-clinical 
inflammation, endothelial dysfunction, increase in sympathetic tone, ath-
erogenic lipid profile, thrombogenic factors and obstructive sleep apnea [4]. 

Excess visceral fat, together with central obesity, plays an important 
role in causing insulin resistance, hypertriglyceridemia and changes in 
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the particle sizes of low density lipoproteins (LDL) 
and in giving low concentrations of high-densi-
ty lipoproteins (HDL). The mechanisms by which 
excess fat causes insulin resistance are complex: 
they involve different pathophysiological routes 
and are mediated by cytokines and other in-
flammatory mediators, such as elevated levels of 
leptin. Insulin resistance causes type 2 diabetes 
mellitus, which by itself may start or accelerate 
the atherogenic process through several addition-
al mechanisms, such as hyperglycemia [4, 5].

In pathological conditions such as obesity and 
diabetes, there is a deterioration of the adiposity 
buffer, which determines a lower uptake of free fat-
ty acids by the adipocyte, and therefore a greater 
cardiolipotoxicity. Also, inflammation transcription 
factors are activated in the adipocyte such as the 
nuclear factor kappa b (NF-κB) that induces the 
production of inflammatory mediators such as tu-
mor necrosis factor-α (TNF-α), interleukin-1 and -6 
(IL-1 and IL-6), visfatin and C-reactive protein (CRP), 
that, once released by the epicardial adipocyte, can 
be transported by the vasa vasorum, reaching the 
coronary arteries in which they exert their pro-ath-
erogenic effects. Also, the presence of inflammato-
ry cells in the epicardial fatty tissue may occur in 
response to plaque instability, through apoptosis 
and neovascularization processes [6].

It is important to highlight that the volume of 
the epicardial fatty tissue is an independent fac-
tor for the presence of total occlusion of coronary 
arteries. Relating these parameters to the clinical 
and biochemical parameters of the metabolic syn-
drome, it was found that patients with type 2 dia-
betes mellitus have a greater volume of epicardial 
fatty tissue compared with non-diabetic controls 
(166.1 ±60.6 cm3 vs. 123.4 ±41.8 cm3, p < 0.0001). 
Moreover, this volume was associated with the 
components of the metabolic syndrome and with 
greater severity of coronary atherosclerosis [7, 8].

For all these reasons, multi-targeted intervention 
is very important: better control of blood glucose 
reduces the risk of retinopathy and maybe neurop-
athy; blood pressure control significantly reduces 
cerebrovascular events, heart failure, loss of vision 
and microalbuminuria [9]. Multi-targeted interven-
tion may also improve renal function and reduce 
serum uric acid levels within 6 months [10, 11]. 

The nutritional management of the diabetic pa- 
tient goes beyond being only a source of nutrients; 
it is the first step of diabetes general treatment. 
A  balanced diet is not only involved in glycemic 
control (amount, type and time of food intake, in-
sulin therapy, etc.), but it also affects the entire 
metabolism, preventing the progression of diabe-
tes and concomitant complications [12]. 

Each diabetic patient has a  specific calorie 
requirement according to age, weight, sex, ex-

ercise, etc.; the distribution of macronutrients 
depends on the lipid scheme and renal function, 
the schedule of intake, lifestyle and hypoglyce-
mic drugs administered. Also, above all, person-
al, familiar and cultural preferences need to be 
considered. 

It is essential to offer the diabetic patient ade-
quate educational support, keeping the treatment 
as simple as possible, and reinforcing the efforts at 
each visit. Support with educational courses, espe-
cially for patients having problems reaching their 
therapeutic goals, can contribute to improvement 
of patients’ health conditions [12–16]. There are dif-
ferent published recommendations about how mac-
ronutrients should be distributed in the diet [13, 14, 
17], and how to early detect complications linked to 
particular diseases [18]. However, all the guidelines 
agree in saying that the calculation of the total en-
ergetic expense should be 30 kcal/kg for a person 
with normal weight, 20–25 kcal/kg for overweight 
people and 35 kcal/kg for people with lower weight. 
Obviously, to lose weight, a moderate caloric restric-
tion is recommended (250 to 500 kcal less than the 
daily average intake calculated in the meal plan), 
along with low aerobic exercise under medical pre-
scription with previous cardiovascular assessment. 
Moderate weight loss in obese patients is 5 kg to  
9 kg, regardless of the initial weight; the aim is 
reduce the risk of hyperglycemia, hypercholester-
olemia and hypertension. Diets with an extremely 
low energetic content should only be provided in 
hospital, under the observation of a physician.

Carbohydrates

Carbohydrates are the energetic substrate re-
lated to the greatest impact on glycemia levels.  
The total amount of carbohydrates is the main 
factor responsible for the post-prandial re-
sponse, but there are other variables, such as 
type of carbohydrate, richness in fiber, the way 
of cooking, degree of maturity, etc., that can play 
a role. Moreover, there are other factors that can 
also influence post-prandial glycemia such as 
pre-prandial glycemia, macronutrient distribu-
tion of the whole meal (fats and proteins) and 
the hypoglycemic treatment administered: oral 
tablets or insulin. 

Most scientific societies recommend the indi-
vidualization of carbohydrate contribution, agree-
ing with the fact that the diet should provide car-
bohydrates in the form of fruits, cereals, pasta, 
legumes, vegetables and tubers (Table I).

Although there are no long-term studies, it se-
ems that eating starches of legumes has a posi-
tive effect on glycemia, because of the persistent 
effect on post-prandial glycemia, with no sudden 
increases; it may prevent both post-prandial hy-
perglycemia and late hypoglycemia [13, 14, 17].



Giuseppe Derosa, Celina Preciado Limas, Pilar Ceballos Macías, Aceves Estrella, Pamela Maffioli

338 Arch Med Sci 2, April / 2014

Fats

The main objective of a healthy diet is to reduce 
the contribution of saturated fats and cholesterol. 
Monounsaturated fatty acids such as olive oil and 
other vegetable oils such as omega-3 fatty acids 
(ω-3 PUFA) are recommended (the consumption 
of fish is essential) for the effect they have on hy-
pertriglyceridemia and cardiovascular events. In 
this sense, we need to remember that the con-
sumption of fried fish is not recommended, due to 
the extra caloric contribution [13, 14, 17].

Proteins

In general, it is recommended that the diet 
should provide the same amount of proteins as 
a  healthy diet, individualized according to the 
characteristics and nutritional state of the patient. 
In developed countries, there is a  trend towards 
high consumption of proteins. 

The contribution of 15–20% of the total daily 
calories in the form of proteins (as recommended 
for the general population) widely covers the 
needs, even in situations of requirement increase, 
as in the case of a diabetic patient with hypergly-
cemia. On the other hand, there is no evidence 
that in diabetic patients with normal renal func-
tion the protein intake recommendation should 
be modified. Even in the case of nephropathies, 
when there is microalbuminuria, protein intake of 

0.8–1 g/kg of body weight is recommended, and if 
there is proteinuria, the intake should reach 0.8 g/
kg a day [13, 14, 17]. 

Fiber

Foods rich in fiber, such as fruits and vegeta-
bles, are still recommended; special mention is 
made of whole cereals. Although the protective ef-
fect of fibers against some chronic diseases is well 
established [19, 20], the effectiveness of fibers in 
lipid and glycemic metabolism remains uncertain. 
For the general population, an intake of 26 g/day 
and 38 g/day is recommended, for women and 
men, respectively. There is no reason to increase 
the fiber dose in diabetic patients [13, 14, 17]. 

Sweeteners 

The consumption of sugar is forbidden in the 
diet of a diabetic patient. The use of other calor-
ic sweeteners, such as fructose and polyalcohols, 
does not seem to offer additional advantages. In 
the case of fructose, its consumption is advised as 
a component of natural foods, but not as a sweet-
ener, due to its damaging effect on plasma glu-
cose. Polyalcohols offer 2 kcal/g, making them 
interesting in low-calorie diets, although they 
may cause side effects such as diarrhea at high 
doses. In relation to non-caloric sweeteners, there 
is a  consensus that they are not detrimental to 

Table I. Different scientific societies’ recommendations on diet nutritional composition in diabetes

Parameter European Diabetes 
Association, 2004

American Diabetes and 
Nutritionist Associations, 2008

Canadian Diabetes 
Association, 2008

Proteins 10–20% ICT 15–50% ICT 15–20% ICT  
(as general population)

Carbohydrates 45–60% (personalized) > 130 g/day (personalized) 45–60% ICT

Low glycemic index Yes Modest benefit Yes

Sugar 50 g/day, if there is 
good control

No limits within total content < 10% ICT

Fiber > 40 g/day 14 g/1000 kcal  
(as general population)

25–50 g/day

Total fats < 35% ICT;  
< 30% if overweight

Personalized < 35% ICT

Saturated fats < 10% ICT;  
< 8% if high LDL

< 7% ICT < 7% ICT

Polyunsaturated fats < 7% ICT > 2 fish/week < 10% ICT

Monounsaturated fats 10–20% ICT No reference Use instead of saturated

Cholesterol < 300 mg/day  
(less if high LDL)

< 200 mg/day

Omega-3 fatty acids 2–3 servings of fish 
a week

> 2 servings of fish a week Consume as much fish  
as plants

Alcohol < 10 g (women);  
< 20 g (men)

1 glass/day (women);  
2 glasses/day (men)

Limit to 1/day (women) 
and 2/day (men), with risk 

of late hypoglycemia

ICT – total calorie intake, LDL – low-density lipoproteins
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health, but there is no evidence that they improve 
glycemic control in the long-term [13, 14, 17]. 

Nutraceutics use in type 2 diabetes mellitus

Insulin resistance is an important feature of 
type 2 diabetes mellitus and obesity. The under-
lying mechanisms of insulin resistance are still 
unclear. Adipose tissue, skeletal muscle and liver 
are major organs involved in glucose metabolism 
and, therefore, play important roles in insulin re-
sistance. Oxidative stress has been suggested to 
be involved in the pathology of insulin resistance. 
Studies have shown that insulin resistance is as-
sociated with mitochondrial dysfunction, such 
as reduced mitochondrial number and ATP pro-
duction. In diabetic patients, the expression of 
genes involved in oxidative phosphorylation is 
significantly reduced in the skeletal muscle. Mi-
tochondria are the major site of reactive oxygen 
species production in the body. If the efficiency of 
oxidative phosphorylation is reduced, more O

2
– is 

generated at the expense of ATP; therefore, reduc-
ing oxidative damage by improving mitochondri-
al function seems a rational way to prevent and 
treat insulin resistance [21] (Figure 1).

In the following paragraphs, we will describe 
some kind of supplements (Table II) that have 
been shown to be good co-adjuvants along with 
diet and drug treatment in improving chronic de-
generative disease such as type 2 diabetes melli-
tus [21]. 

L-carnitine

L-carnitine (b-hydroxy-γ-trimethylaminobutyrate), 
a natural vitamin-like compound, is an ubiquitous 
constituent of mammalian plasma and tissues, 
mainly distributed among skeletal and cardiac 
muscles. L-carnitine is supplied through dietary 
sources (e.g., meat, dairy products), and by biosyn-
thesis from lysine and methionine. Supplementa-
tion studies have shown that L-carnitine promotes 
insulin sensitivity and has lipid-lowering actions. 
L-carnitine performs a number of essential intra-
cellular and metabolic functions, such as fatty acid 
transport across the inner mitochondrial mem-
brane into the matrix for b-oxidation, detoxifica-
tion of potentially toxic metabolites, regulation of 
the mitochondrial acyl-Co A/CoA ratio, and stabi-
lization of cell membranes. L-carnitine facilitates 
the elimination of short- and medium-chain fatty 

Figure 1. Possible mechanisms of the protective effects afforded by mitochondria-targeting nutrients/compounds 
through the PGC-1α-mediated increase in mitochondrial biogenesis

AMPK – AMP-activated protein kinase, NRF – nuclear respiratory factor, NO – nitric oxide, NOS – nitric oxide synthase, CaMKIV 
– calcium/calmodulin-dependent protein kinase IV, mTFA – mitochondrial transcription factor A, PKA – protein kinase A, CREB – 
cAMP-responsive element binding protein, PPARs – peroxisome proliferators-activated receptors, PGC-1α – PPAR-γ coactivator-1α
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acids accumulating in mitochondria as a result of 
normal or abnormal metabolism. L-carnitine also 
has effects on oxidative metabolism of glucose in 
tissues.

Rajasekar et al. [22] demonstrated that L-car-
nitine could improve insulin action in the fruc-
tose-fed rat model of insulin resistance. Skeletal 
muscle is an insulin-sensitive tissue, which is also 
a site of insulin resistance in the fructose-fed rat 
and it is vulnerable to oxidative damage. Consid-
ering this, these authors evaluated the role of 
L-carnitine in mitigating oxidative stress and lip-
id accumulation in the insulin sensitive skeletal 
muscle in a  well-characterized model of insulin 
resistance. The effects of L-carnitine in this model 
suggest that its supplementation may have some 
benefits in patients suffering from insulin resis-
tance.

Calò et al. [23] evaluated the effect of L-carni-
tine on the gene and protein expression of oxi-
dative stress related proteins heme oxygenase-1 
(HO-1) and endothelial nitric oxide synthase (ec-
NOS) in the absence and presence of oxidative 
stress induced by H2O2 in cultured human endo-
thelial cells.

The authors found that L-carnitine can be an 
effective anti-oxidant in different in vitro assays 
when compared to standard anti-oxidant com-
pounds such as α-tocopherol, a  natural anti-ox-
idant, and Trolox, which is a  water-soluble ana-
logue of tocopherol. This is the first report that 
has utilized a  molecular biological approach to 
demonstrate a direct stimulatory effect of carni-
tine on gene and protein expression of the oxida-
tive stress related markers HO-1 and ecNOS. 

This is important, because, according to Daya-
nandan et al. [24], lipid peroxides are the first step 
in the development of atherosclerosis. In their 
study L-carnitine treatment in Wistar rats (300 mg/  
kg body weight/day) for 7 and 14 days caused 
a  significant reduction in the tissue lipid peroxi-
dation and a marked improvement in the antiox-
idant status. In this way carnitine maintains the 
normal function of the cells [24].

Lee et al. [25] investigated the lipolytic effects 
of L-carnitine in 3T3-L1 adipocytes. L-carnitine at 
10–100 nM suppressed lipid accumulation. The 
results suggest an anti-obesity action of L-carni-

tine. L-carnitine may modulate lipid metabolism 
by stimulation of lipolysis and b-oxidation accom-
panied by corresponding changes in gene expres-
sion and suppression of adipogenic gene expres-
sion [25].

This was confirmed in type 2 diabetic patients 
by Derosa et al. [26]: these authors showed that, 
after 3 and 6 months, L-carnitine 1-g tablet, twice 
a  day, significantly lowered plasma Lp(a) level 
compared with placebo in selected hypercholes-
terolemic patients with newly diagnosed type 2 
diabetes mellitus.

Regarding nonalcoholic steatohepatitis (NASH), 
it is the most common cause of chronic liver dis-
ease in western countries. The prevalence is be-
tween 10% and 24% in the general population and 
reaches 75% in the obese groups. The pathogene-
sis of NASH is associated with disorders of energy 
metabolism, including obesity, insulin resistance, 
and dyslipidemia. The real mechanisms leading to 
NASH are still unclear, but nutritional, metabolic, 
genetic, viral, and other factors cause or contrib-
ute to fatty liver disease. The existing model that 
explains the pathogenesis of NASH is the “two-
hit” hypothesis, first proposed by Day and James. 
According to this hypothesis, steatosis represents 
the “first hit” which increases the vulnerability 
of the liver to various “second hits” that, in turn, 
lead to inflammation, fibrosis, and cellular death. 
Several factors have been suggested to constitute 
the second hits, such as oxidative stress, pro-in-
flammatory cytokines, and gut-derived bacterial 
endotoxin. It was observed that NASH is associat-
ed with a more atherogenic lipid profile, including 
hypertriglyceridemia, a higher plasma concentra-
tion of very low-density lipoprotein (VLDL) and 
LDL that are larger in size, and with lower levels of 
high-density lipoprotein. 

Fatty acids are a source of oxidative stress and 
damage of mitochondria with increased b-oxida-
tion and raising levels of reactive oxygen species. 
Recently, it has been hypothesized that L-carnitine 
could improve the outcome of NASH, because it 
reduces lipid levels, limits oxidative stress, and 
modulates inflammatory responses. 

In this regard, Malaguarnera et al. [27] evaluated 
whether L-carnitine treatment could determine his-
tological changes at liver biopsy and modify humor-

Table II. Nutraceutical supplements

Nutraceutics Action

L-carnitine Promotion of insulin sensitivity and hypolipidemic actions

α-Lipoic acid Treatment of diabetic neuropathy and degenerative neuronal disease

Berberine Hypoglycemic and hypolipidemic actions

ω-3 Anti-arrhythmic effect and decrease of triglycerides
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al parameters. The authors randomly dispensed 
one 1-g of L-carnitine twice a  day in addition to 
the diet or diet alone for 24 weeks in patients with 
NASH. This study suggested that L-carnitine supple-
mentation to the diet is useful for reducing TNF-α 
and CRP, and for improving liver function, glucose 
plasma level, lipid profile, HOMA-IR, and histologi-
cal manifestations of NASH [27].

As already described above, L-carnitine serves 
as an obligatory cofactor for mitochondrial b-fat-
ty acid oxidation to facilitate the transport of 
long-chain fatty acids across the mitochondrial 
membrane, thus resulting in more efficient mito-
chondrial oxidative phosphorylation and glucose 
use. This improves mitochondrial function, con-
sequently improving both endothelial cells and 
smooth muscle cell insulin-stimulated nitric oxide 
bioavailability and glucose use, and ultimately im-
proves endothelial function and systemic insulin 
sensitivity [28]. 

This was confirmed by Derosa et al. [29, 30], 
who compared orlistat plus L-carnitine versus or-
listat alone in order to observe effects on body 
weight, glycemic and lipid control, and inflamma-
tory parameters in obese type 2 diabetic patients. 
Two hundred and fifty-eight patients with uncon-
trolled type 2 diabetes mellitus (HbA

1c > 8.0%) in 
therapy with different oral hypoglycemic agents or 
insulin were randomized to take orlistat 120 mg 
three times a day plus L-carnitine 2 g once a day or 
orlistat 120 mg three times a day. They observed 
a  better decrease in body weight, glycemic pro-
file, HOMA-IR, LDL-C, and adiponectin (ADN) and 
a  faster improvement in fasting plasma insulin, 
total cholesterol, triglycerides, leptin, tumor ne-
crosis factor (TNF-α) and hs-CRP with orlistat plus 
L-carnitine compared to orlistat alone. They also 
recorded an improvement in vaspin with orlistat 
plus L-carnitine, not reached with orlistat alone. 
The same authors reported faster improvement 
of lipid profile, insulin resistance parameters, gly-
cemic control, and body weight with sibutramine 
plus L-carnitine compared to sibutramine alone in 
type 2 diabetic patients [31, 32]. 

α-Lipoic acid

α-Lipoic acid (1,2-dithiolane-3-pentanoic acid) 
is synthesized in most prokaryotic and eukaryotic 
cells. In humans, α-lipoic acid exists in the body 
as a  portion of several multi-enzyme complexes 
involved in energy formation and is an essential 
component of mitochondrial respiratory enzymes. 
α-Lipoic acid is clinically used in the treatment of 
diabetic neuropathy and is also effective in degen-
erative neuronal disease, atherosclerosis and oth-
er abnormalities [33].

The development of insulin resistance has been 
shown to be an early step in the development of 

cardiovascular diseases in diabetic patients. Ox-
idative stress may be important in the develop-
ment of coronary artery disease. Fructose load-
ed rats, which show the characteristic features 
of insulin resistance, also display an imbalance 
between the peroxidation process and the anti- 
oxidant system. α-Lipoic acid is known for its po-
tent anti-oxidant effects. In a study conducted by 
Thirunavukkarasu et al. [34], male Wistar rats re-
ceived a control diet containing starch and water 
ad libitum, or a fructose-enriched diet (> 60% of 
total calories), or fructose-enriched diet + α-lipoic 
acid or a control diet + α-lipoic acid. After the 20-
day treatment period, the insulin sensitivity index 
in terms of HOMA was assessed. The levels of lip-
id peroxidation markers and the enzymatic and 
non-enzymatic anti-oxidant status in the heart 
tissue were measured. Plasma and heart tissue 
lipids were also analyzed. Fructose rats showed 
decreased insulin sensitivity as reflected by high 
values of HOMA, increased peroxidation, impaired 
anti-oxidant status and lipid abnormalities in the 
cardiac tissue. These abnormalities were attenu-
ated and the anti-oxidant levels were enhanced 
by α-lipoic acid. The reduction in HOMA values 
suggests that α-lipoic acid improves insulin sen-
sitivity. Improvement of insulin sensitivity and en-
hancement of cardiac anti-oxidant status suggest 
that α-lipoic acid may be useful as a cardioprotec-
tive agent in insulin-resistant states [34].

Kim et al. [35] reported that α-lipoic acid reduc-
es the activity of the kinase protein activated by 
the AMP (AMPK) and works as a sensor in the cell 
activated when cell energy is reduced. The activa-
tion of hypothalamic AMPK reverts the effects of 
α-lipoic acid in the intake of food and the release 
of energy. Hyperphagia induced by 2 deoxyglucose 
is reverted by the AMPK inhibition. Hypothalamic 
AMPK is important in the central regulation of food 
intake and energy release and α-lipoic acid ex-
cerpts anti-obesity effects through the suspension 
of such activity in the hypothalamic AMPK [35].

Berberine

Berberine (molecular formula C20H18NO4 and mo- 
lecular weight of 336.36) is the main active compo-
nent of the ancient Chinese herb Coptis chinensis 
Franch, which has been used to treat diabetes for 
thousands of years. Berberine is an over-the-count-
er drug, which is used to treat gastrointestinal in-
fections in China. Berberine hydrochloride (B·HCl·n 
H

2O), the most popular form of berberine, has been 
used in several studies [36–40]. 

The chemical structures of berberine and related 
isoquinoline alkaloids are quite different from the 
commonly used hypoglycemic agents. Significant 
decreases in HbA

1c (from 9.5 ±0.5% to 7.5 ±0.4%, 
p < 0.01), fasting plasma glucose (from 10.6 ±0.9 
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mmol/l to 6.9 ±0.5 mmol/l, p < 0.01), post-pran-
dial glucose (from 19.8 ±1.7 mmol/l to 11.1 ±0.9 
mmol/l, p < 0.01) and plasma triglycerides (from 
1.13 ±0.13 mmol/l to 0.89 ±0.03 mmol/l, p < 0.05) 
were observed by Jun Yin et al. [36] when berber-
ine was given to both newly diagnosed diabetic 
patients and poorly controlled diabetic patients 
for 3 months.

Berberine increases insulin receptor expression 
and improves glucose utility both in vitro and in 
animal models. Berberine increased insulin rece- 
ptor messenger RNA and protein expression in a va- 
riety of human cell lines, including CEM, HCT-116, 
SW1990, HT1080, 293T, and hepatitis B virus- 
transfected human liver cells. 

In the clinical study by Zhang et al. [37], berber-
ine significantly lowered fasting plasma glucose, 
HbA1c, triglycerides, and insulin levels in patients 
with type 2 diabetes mellitus. The decrease of 
fasting plasma glucose and HbA1c obtained with 
berberine was similar to those reached with met-
formin and rosiglitazone. In the berberine treat-
ed patients, the percentages of peripheral blood 
lymphocytes that express insulin receptor were 
significantly elevated after therapy. Berberine 
also effectively lowered fasting plasma glucose in 
chronic hepatitis B and hepatitis C patients with 
type 2 diabetes mellitus. Liver function was im-
proved greatly in these patients, as shown by the 
reduction of liver enzymes. Their results confirmed 
the activity of berberine on the insulin receptor in 
humans and its relationship with the glucose-low-
ering effect. Berberine could be an ideal medicine 
for type 2 diabetes mellitus with a mechanism dif-
ferent from metformin and rosiglitazone.

Flora Affuso et al. [38] used a  nutraceutical 
product with berberine, policosanol and red yeast 
rice in patients with metabolic syndrome. There 
were significant reductions in blood glucose and 
insulin, and a significant reduction in arterial sys-
tolic blood pressure. Part of the anti-hyperglycemic 
activity of berberine was due to a decrease in the 
availability of glucose after a meal. In particular, 
berberine suppresses intestinal disaccharidases 
(sucrase and maltase), reducing the intestinal ab-
sorption of glucose. This latter effect is very inter-
esting and may explain the slight, but significant 
reduction in post-prandial glycemia observed in 
the treated group.

Yifei Zhang et al. [39] described similar results 
when they treated type 2 diabetic and dyslipidem-
ic patients with berberine. Berberine had a robust 
glucose lowering effect by significantly reducing 
fasting plasma glucose and post-prandial glucose 
by 1.4 mmol/l and 3.1 mmol/l, respectively, at  
3 months and HbA1c by 0.9% from the initial lev-
els of 7.5%. The decline in HbA1c achieved with 
berberine was fully comparable with that with ex-

isting pharmacologic products used in treatment 
of type 2 diabetes mellitus. However, the HOMA 
values, and serum fasting and post-prandial in-
sulin concentrations were not significantly differ-
ent between the berberine and placebo groups. 
An 18% reduction of serum cholesterol, 35.9% of 
triglycerides and 21% of LDL-C were achieved in 
type 2 diabetes mellitus after 3-month treatment. 
In addition, the authors observed that systolic 
(SBP) and diastolic (DBP) blood pressures were 
significantly reduced with berberine by 7 mm Hg 
and 5 mm Hg, respectively (p < 0.001 and p < 0.005, 
respectively). Modest weight loss was also demon-
strated.

Obviously, berberine cannot be an adequate 
single drug therapy for all diabetic patients; how-
ever, it may be at least useful as an adjuvant to 
standard therapy. With regard to safety, berberine 
does not have any toxicity.

Omega-3

Omega-3 polyunsaturated fatty acid (ω-3 PUFA) 
therapy continues to show great promise in pri-
mary and, particularly in secondary prevention 
of cardiovascular diseases. The most compelling 
evidence for cardiovascular benefits of ω-3 PUFA 
comes from the GISSI trial [41], showing that the 
early administration of low-dose (1 g/day) ω-3 
PUFA reduces total mortality and sudden death, 
suggesting an anti-arrhythmic effect of this drug. 
Further evidence come from the GISSI-HF trial 
[42], where ω-3 PUFA (1 g/day) provided a small 
benefit in terms of mortality and admission to 
hospital for cardiovascular reasons in patients 
with heart failure in the context of usual care. 

Derosa et al. [43] evaluated the effect of stan-
dardized dietary supplementation with ω-3 PUFAs 
on the level of some markers of vascular remodel-
ing in patients with combined dyslipidemia. They 
determined body mass index, glycemic profile, 
blood pressure, lipid profile, lipoprotein(a), plas-
minogen activator inhibitor-1, homocysteine, fi-
brinogen, high-sensitivity C-reactive protein, ADN. 
They also evaluated metalloproteinase (MMP)-2 
and MMP-9, and tissue inhibitors of MMP-1 and -2, 
involved in cardiovascular disease and diabetes 
[44]. Omega-3 PUFAs gave a  better lipid profile 
and improvement of coagulation, fibrinolytic and 
inflammatory parameters than placebo [43]. The 
treatment with ω-3 PUFA not only improved lipids 
in a baseline situation, but it also improved all insu-
lin resistance parameters in a post-prandial situa-
tion simulated with an oral fat load. This is another 
important action of ω-3 PUFA, which can increase 
their utility in clinical practice [45, 46]. Moreover, 
ω-3 PUFA long-term supplementation proved to 
be associated with a significant reduction in SBP, 
DBP, pulse pressure, and basal heart rate in hyper-
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triglyceridemic patients with normal-high blood 
pressure [47]. Based on this evidence, the target 
ω-3 PUFA consumption should be at least 800 mg/
day to 1,000 mg/day for individuals with known 
coronary heart disease and heart failure to obtain 
the anti-arrhythmic effect, and at least 2,500–
3,000 mg/day to decrease triglycerides. 

In conclusion, nutritional medical treatment is 
a very important part of the medical surveillance 
of the diabetic patient; the diet needs to provide 
adequate energy to achieve a reasonable weight, 
as well as adequate growth and development.  
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