
Original Research

137www.ceceditore.com

A
b

st
r

a
c

t

Nutrafoods (2017) 16:137-145
DOI 10.17470/NF-017-1016-3

Received: September 08, 2017
Accepted: September 12, 2017 

Obesity and overweight are defined as abnormal excess accumulation of fat in adipose tissue, which 

is recognized as a real organ with both metabolic and endocrine functions, and have a close relation-

ship with oncological risk. The relationship between obesity and carcinogenesis is complex and not 

fully understood. However, obesity is frequently associated with several pathological states such as 

chronic inflammation, dyslipidaemia and insulin resistance (generally defined as metabolic disorders) 

which contribute to the increased risk of cancer in the overweight population. Current data show that 

metabolic disorders are often reversible with prompt therapeutic intervention, so these conditions and 

related carcinogenetic pathways should be managed for cancer prevention and therapy. Metformin 

and statins have demonstrated their ability to interfere with tumour processes but unfortunately also 

produce side effects, making long-term and preventative use difficult. Some nutraceutical compounds seem to be ideal for providing similar 

activity and effectiveness as these agents but with minor or absent side effects. This review examines the pathophysiology of metabolic dis-

orders, their relationship with cancer and the possibility of interfering with associated processes with some promising nutraceuticals used as 

monotherapy or in combination with conventional therapies.
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Introduction 

Obesity and overweight have become major public health 

concerns during the last few decades as they are key risk 

factors for type 2 diabetes, cardiovascular disease, dyslipi-

daemia, hypertension and some cancers [1]. 

The precise mechanisms that underlie the association be-

tween obesity and some cancers, and the accompanying 

metabolic changes in the surrounding microenvironment, 

remain unclear, but it is generally accepted that excess fat 

and adipose tissue hypertrophy disrupt the dynamic role of 

the adipocyte in energy homeostasis, resulting in inflam-

mation and alteration of adipokine (for example, leptin and 

adiponectin) signalling [2]. Additionally, secondary changes 

related to insulin signalling, such as the presence of insulin 

resistance (IR) and hyperinsulinaemia, in addition to lipid 

dyslipidaemia (hypercholesterolaemia), may also promote 

cancer development [3]. Therefore, the association between 

obesity and cancer risk should be considered in terms of 

metabolic disorders where each condition contributes to 

cancer risk and is a potential target of conventional and/or 

nutraceutical therapy. 

Obesity, overweight and cancer risk

Cancer is predicted to overtake heart disease as the leading 

cause of death worldwide. The global obesity/overweight 

epidemic has been increasing over the past 30 years, result-

ing in more than 600 million obese/overweight adults [4]. 

Cancer is generally considered a genetic disease, with the 

first step in carcinogenesis caused by genetic damage to the 

genome. Importantly, this damage is either inherited or ac-

quired during life as a result of an unhealthy lifestyle [5]. 

Essentially, one-third of the risk for cancer is attributed to 

dietary and lifestyle factors, particularly those which cause 

metabolic disorders. 

Growing evidence from epidemiological, preclinical and 

clinical studies indicates that increased adiposity is associ-

ated with increases in cancer incidence and mortality [6]. 

Renehan et al [7] published a meta-analysis and systematic 

Nf3_2017.indb   137 09/10/17   15:31



138 www.ceceditore.com

Nutrafoods	(2017)	16:137-145 OrIgINal rEsEarch

Recently,	the	population-attributable	fraction	(PAF;	the	pro-

portion	of	cancers	potentially	avoidable	if	the	obesity–can-

cer	association	is	causal)	for	obesity	and	cancer	risk	world-

wide	 has	 been	 calculated	 [9].	Approximately	 3.6%	 of	 all	

new	cancers	may	be	due	to	high	BMI.	Interestingly,	the	PAF	

in	women	 is	more	 than	double	 that	 in	men,	 refl	ecting	 the	

strong	relationship	between	obesity	and	hormonal	neopla-

sia,	for	instance	of	the	uterus	and	breast.	Had	BMI	remained	

at	the	levels	seen	before	the	obesity	epidemic,	in	particular	

in	better	developed	countries,	approximately	25%	of	can-

cers	related	to	high	BMI	in	2012	could	have	been	avoided.

An	increased	cancer	risk	is	also	seen	in	some	metabolic	con-

ditions	frequently	found	in	the	general	population,	such	as	

metabolic	syndrome.	Metabolic	syndrome	is	a	cluster	of	risk	

factors	for	cardiovascular	disease	and	type	2	diabetes	and	is	

a	growing	problem	worldwide	[10].	The	factors	include	obe-

sity	(particularly	central	adiposity),	glycaemic	perturbations,	

raised	blood	pressure,	elevated	 triglyceride	 levels	and	 low	

high-density	 lipoprotein	 (HDL)	cholesterol	 levels.	A	 recent	

systematic	review	and	meta-analysis	[11]	on	almost	40,000	

cancer	cases	supports	the	emerging	hypothesis	that	metabol-

ic	syndrome	may	be	associated	with	risk	for	some	common	

cancers.	 Interestingly,	 the	 same	 tumour-related	 cancers	 as	

seen	in	obesity	are	also	seen	in	metabolic	

conditions	in	both	men	and	women.	

The	links	between	metabolic	
disorders	and	cancer

The	relationship	between	obesity	and	car-

cinogenesis	 is	 complex	 and	 not	 fully	 un-

derstood.	Obesity	 is	defi	ned	as	 abnormal	

excess	accumulation	of	 fat	 in	adipose	 tis-

sue,	which	 is	 recognized	 as	 a	 real	 organ	

with	both	metabolic	and	endocrine	 func-

tions	 [12].	 Body	 fat	 increases	 in	 volume	

due	 to	 excessive	 accumulation	of	 triglyc-

eride	 inside	 white	 adipocytes.	 This	 cell	

hypertrophy	results	in	hypoxia	and	necro-

sis,	 and	 although	 the	 sequence	 of	 events	

remains	unclear,	 the	related	conditions	of	

IR,	 chronic	 infl	ammation	 with	 cytokine	

production	 and	 reversal	 of	 the	 leptin-to-

adiponectin	 (L–A)	 ratio,	 and	 altered	 pro-

duction	and	regulation	of	the	lipid	profi	le	

and	 steroid	 hormones	 are	 considered	 to	

contribute	 to	 the	 increased	cancer	 risk	 in	

this	population.	

review	assessing	 the	strength	of	association	between	body	

mass	index	(BMI)	and	different	sites	of	cancer.	The	authors	

found	 that	 increased	 BMI	 is	 associated	with	 an	 increased	

risk	of	common	and	less	common	malignancies.	In	particu-

lar,	a	5	kg/m²	increase	in	BMI	in	men	was	strongly	associated	

with	oesophageal	adenocarcinoma	and	with	thyroid,	colon	

and	renal	cancers,	while	in	women	the	greatest	increase	in	

relative	risk	(RR)	was	observed	for	endometrial,	gallbladder,	

oesophageal	and	postmenopausal	breast	cancer.	

The	association	between	BMI	and	cancer	mortality	has	been	

extensively	 analyzed.	 A	 prospective	 study	 of	 more	 than	

900,000	adults	with	over	57,000	deaths	from	cancer	found	

an	association	between	BMI	and	cancer	mortality	 and	 re-

ported	also	 that	 individuals	with	a	BMI	of	at	 least	40	had	

increased	cancer	mortality	 (RR	1.52	 for	men	and	1.62	 for	

women)	 [8].	A	higher	mortality	 risk	 in	obese	 subjects	was	

reported	for	most	cancers	for	both	sexes	with	the	highest	RR	

found	for	liver	cancer	in	men	and	for	uterine,	pancreatic	and	

breast	cancer	in	women.	

Overall,	14%	of	all	 cancer	deaths	 in	men	and	20%	of	all	

cancer	deaths	in	women	are	attributable	to	overweight	and	

obesity.	Epidemiological	data	on	incidence	and	BMI-related	

mortality	are	summarized	in	Fig.	1.

Figure	1	-	Association	of	obesity	with	cancer	incidence	and	mortality.	BMI	body	mass	
index

Cancer	
incidence	(RR	
per	5kg/m2 
increase)
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Insulin resistance 

Associated with chronic subclinical inflammation, excess 

visceral adiposity also causes IR – a pathological condi-

tion characterized by a decrease in the efficiency of insulin 

signalling for blood sugar regulation – and dysmetabolism, 

which are collectively known as metabolic syndrome. 

Metabolic syndrome is strongly associated with IR and may 

therefore be a potential surrogate marker of this metabolic 

disorder. Prospective cohort studies have shown that meta-

bolic syndrome is closely associated with the increased inci-

dence of and/or mortality from a broad range of site-specific 

malignancies [11], suggesting the central role of IR in linking 

obesity and cancer. 

Insulin is secreted by the β-cells of the pancreas in response 

primarily to glucose and fatty acid levels. Obesity-induced 

IR (and consequently hyperglycaemia) is compensated for 

by an increase in insulin secretion, leading to fasting and 

postprandial hyperinsulinaemia. Both insulin and glucose 

are elevated in obesity-related IR and have been implicated 

in cancer risk and prognosis [20]. 

The mechanism linking metabolic syndrome and IR to can-

cer is complex and not fully understood, but we propose 

a simple hypothesis which involves the insulin–IGF axis, 

related to cellular metabolic reprogramming which always 

occurs in cancer cells [21]. Our hypothesis postulates that 

excess body weight is associated with a prolonged hyper-

insulinaemic state which consequently reduces the produc-

tion of some IGF-binding proteins, in particular IGFBP-1 and 

IGFBP-2, with resultant increases in the levels of free and 

‘bio-active’ IGF-I [22] (Fig. 2). 

Subclinical chronic inflammation

The precise physiological events leading to the initiation of 

the inflammatory response in obesity remain incompletely 

understood. It is possible that hypoxia associated with adi-

pocyte hypertrophy stimulates cellular stress pathways re-

sulting in the onset of cell-autonomous inflammation and 

the release of cytokines and other pro-inflammatory signals. 

In particular, there is an increase in pro-inflammatory cy-

tokines such as tumour necrosis factor-α (TNF-α), IL-6, IL-1 

and plasminogen activator inhibitor-1 (PAI-1) that constitute 

a sort of ‘inflammation group’ which promotes oncogenic ef-

fects [13]. The presence of these cytokines causes activation 

of nuclear factor-κB (NF-κB), a transcription factor which is 

inactive under physiological conditions but can be activated 

by carcinogens. NF-κB has been shown to influence several 

oncogenic pathways, suppressing apoptosis and inducing 

cellular transformation, proliferation, invasion, metastasis, 

chemoresistance, radioresistance and/or inflammation [14]. 

Another feature of the obesity inflammatory response is in-

creased infiltration of immune cells (including T cells, mac-

rophages and dendritic cells) into metabolic tissues. It has 

been shown that infiltration of macrophages and other im-

mune cells into adipose tissue contributes to the emergence 

and maintenance of obesity-induced inflammatory respons-

es, including their carcinogenetic properties [15]. 

Chronic inflammation also influences the production of and 

relationship between leptin and adiponectin, two proteins 

secreted by adipocytes. Leptin levels increase in obesity and 

decrease during fasting [16], while adiponectin levels are 

reduced in both obesity and fasting. Biological studies have 

shown that adiponectin is inversely associated with 

obesity and hyperinsulinaemia [17] and also appears 

to have anti-inflammatory, anti-angiogenic, pro-ap-

optotic and antidiabetic properties [18]. It decreases 

the expression of vascular endothelial growth factor 

(VEGF) while increasing the activity of p53 and the 

caspase pathway (pro-apoptotic). In contrast, leptin is 

involved in cell proliferation, angiogenesis and metas-

tasis, increasing the expression of anti-apoptotic pro-

teins, inflammatory markers (TNF-α, IL-6), angiogenic 

factors (VEGF) and hypoxia-inducible factor-1α (HIF-

1α) [19]. Moreover, recent evidence demonstrates that 

the L–A ratio could be a useful index and surrogate 

marker for IR and its associated cancer risk. In accord-

ance with these biological activities, an increased L–A 

ratio and, conversely, a reduced A–L ratio have been 

associated with risk for several types of cancer includ-

ing endometrial, breast, prostate and colon cancer. 

Figure 2 - Hypothesis which links insulin resistance to cancer. Excess body 
weight is associated with prolonged hyperinsulinaemia which reduces 
the production of some IGF binding proteins, in particular IGFBP-1 and 
IGFBP-2, with resultant increases in the levels of free and bio-active IGF-I. 
Both insulin and IGF stimulate their cellular receptors (IR and IGF-1R) 
activating their mitogenic and carcinogenetic effects
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over, another analysis showed that the association between 

increased BMI and the risk of postmenopausal breast cancer 

is almost entirely due to the concomitant increasing concen-

tration of either total or bio-available oestradiol in the blood 

[26]. Finally, cholesterol is a fundamental precursor of ster-

oid hormones that have long been recognized as regulators 

of both cell proliferation and differentiation, intimately asso-

ciated with some types of cancer with a hormonal aetiology 

[27]. In addition, an intermediate of cholesterol metabolism, 

27-hydroxycholesterol (27-HC), which is synthetized by the 

enzyme cholesterol 27-hydroxylase (CYP27A1), is able to 

bind to the oestrogen alfa receptor on epithelial cells of the 

mammary gland, activating the related pathways [28]. Last 

but not least, cholesterol seems to influence apoptosis and 

the invasiveness of cancer cells due its crucial action on the 

cell membrane with the organization of lipid rafts, and also 

its ability to stimulate local aromatase expression [29]. Con-

sequently, hypercholesterolaemia which usually accompa-

nies obesity, provides cells with a suitable substrate for pro-

liferation (hormones and activated oestrogen receptor) with 

a consequent increased risk of carcinogenesis. 

Therapeutic interventions

Clinicians use various agents to target the principal pathways 

involved in these relationships to prevent and treat cancer in 

patients with metabolic disorders. The inflammatory state, IR 

and hypercholesterolaemia are pathways targeted by drugs 

such as NSAIDs, metformin and statins to prevent and treat 

cancer. 

Metformin is a biguanide derivative, currently approved for 

the treatment of non-insulin dependent diabetes mellitus, 

and an insulin-sensitizing agent with potent antihypergly-

caemic properties. Observational studies have shown that 

metformin treatment is associated with reduced can-

cer risk. In particular, Evans et al [30] demonstrated 

that patients with diabetes treated with metformin 

had a lower incidence of any cancer compared with 

patients on other treatments. Another observational 

study [31] involving more than 10,000 patients with 

diabetes treated with metformin or other antidiabetic 

agents showed a lower cancer-related mortality rate 

in the metformin group compared with groups re-

ceiving other drugs such as sulfonylureas or insulin. 

These promising data were confirmed in a recent 

meta-analysis [32]. Several preclinical and clinical 

studies in the last few decades have confirmed the 

effect of metformin on the incidence and prognosis 

Both insulin and IGF stimulate their cellular receptors (IR 

and IGF-R), activating their mitogenic and carcinogenetic ef-

fects. Various metabolic pathways have also been implicated 

in the multistep development of tumours, and a metabolic 

shift from catabolic to anabolic metabolism is a classic hall-

mark of cancer cells. This metabolic reprogramming, known 

as the Warburg effect [23], results in the use of aerobic glyc-

olysis in preference to oxidative phosphorylation (OXPHOS) 

for increased energy production in cancer cells (Fig. 3). This 

condition is closely related to glucose availability (cancer 

cells consume an excessive quantity of glucose) and so the 

presence of hyperglycaemia related to metabolic syndrome/

IR ensures an ideal microenvironment for cancer cell prolif-

eration and growth. 

Sex hormones and hypercholesterolaemia 

The synthesis and bioavailability of sex hormones (oestro-

gens, androgens and progestins) are influenced by obesity 

and overweight. These hormones are directly associated 

with cancer risk and outcome, in particular with tumour 

development in hormonal-sensitive tissue [12]. Several 

pathways are implicated in this relationship, but activation 

of the enzyme aromatase and insulin levels seem to be the 

key pathways involved. Adipose tissue promotes the expres-

sion of aromatase which converts androgens to oestrogens, 

while maintaining their regulation of cellular differentiation, 

proliferation and apoptosis [24]. Moreover, the presence of 

hyperinsulinaemia in these patients reduces hepatic synthe-

sis and consequently the concentrations in the blood of sex-

hormone-binding globulin (SHBG) which in turn increases 

the bioavailability of free oestrogens. A pooled analysis of 

nine prospective cohort studies [25] demonstrated that the 

risk of breast cancer increases in postmenopausal women 

with higher concentrations of circulating sex steroids. More-

Figure 3 - Metabolic shift from catabolic to anabolic metabolism as a clas-
sic hallmark of cancer cells. OXPHOS oxidative phosphorylation
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with a concomitant increase in progression-free survival (HR 

0.67, 95% CI 0.56 to 0.81), recurrence-free survival (HR 

0.74, 95% CI 0.65 to 0.83) and disease-free survival (HR 

0.53, 95% CI 0.40 to 0.72). These data indicate that statins 

are likely to serve as adjuvant treatment for cancer patients, 

especially those needing lipid-lowering treatment.

Moreover, recent findings confirm that the relationship be-

tween hypercholesterolaemia and cancer (in particular hor-

monal cancer) is largely supported by cholesterol’s function 

as a precursor of steroid hormones and metabolic interme-

diates such as 27-HC. Consequently, cholesterol-lowering 

medication (statins in particular) during adjuvant endo-

crine therapy may have a role in preventing breast cancer 

recurrence in hormone receptor-positive early-stage breast 

cancer. The Breast International Group (BIG) conducted a 

randomized, phase III, double-blind trial (BIG 1-98) of over 

8000 postmenopausal women with early-stage, hormone 

receptor-positive invasive breast cancer [40]. The aim of the 

study was to compare the efficacy of aromatase inhibitors 

and tamoxifen, and the primary endpoint was disease-free 

survival. The results showed that breast cancer outcome was 

better with letrozole than with tamoxifen. Tamoxifen’s ability 

to reduce serum cholesterol was confirmed but with letro-

zole administration, serum cholesterol remained at pretreat-

ment levels suggesting (for the first time in a clinical setting) 

a beneficial effect of cholesterol-lowering medication (CLM) 

on breast cancer outcome [41]. These data demonstrate 

that the use of CLM in women with early-stage, hormone 

receptor-positive invasive breast cancer, reduces recurrence, 

indicating that high serum cholesterol levels make adjuvant 

hormonal therapy less effective.

What role for nutraceuticals? 

Drugs to control metabolic disorders, and consequently re-

duce cancer risk and improve outcome, often have side ef-

fects which result in reduced compliance. Both metformin 

and statins have fairly serious side effects (summarized in 

Fig. 4) which hinders their use in preventive therapy or in 

combination with long-term cancer therapy with its own 

side effects or complications. Therefore, we need to find 

alternative/synergistic compounds with similar activity and 

effectiveness but with fewer or no side effects. The most cost-

effective approach is still to modify diet and physical activity, 

but lifestyle programs are often difficult to follow and may 

not significantly reduce risk. However, some nutraceuticals 

have been studied for their ability to modify the cancer risk 

parameters associated with metabolic disorders.

of many types of cancer. The studies suggest that metformin 

may have different mechanisms of tumour inhibition via 

insulin-dependent and independent pathways [33], includ-

ing activation of adenosine monophosphate kinase (AMPK) 

with inhibition of cancer proliferation and apoptosis induc-

tion in cancer cell lines [34]. A recent presurgical trial eval-

uated changes in Ki-67 between pretreatment biopsy and 

post-treatment surgical specimens and indicated Ki-67 has 

prognostic value and may predict antitumor activity in breast 

cancer. The research showed that metformin administered 

before surgery did not significantly reduce Ki-67 overall but 

had a significantly opposite effect depending on IR, particu-

larly on luminal B tumours [35]. There was a mean propor-

tional decrease in Ki-67 of 10.5% in women with a HOMA 

score >2.8, while an opposite increase of 11.1% was ob-

served in women with a HOMA score <2.8. Interestingly, 

similar drug effects on Ki-67 were noted depending on BMI, 

waist/hip ratio, alcohol consumption and C-reactive protein 

(CRP). Moreover, an overall reduction in CRP and total cho-

lesterol was noted in the metformin group. These findings 

confirm that metabolic disorders directly influence cancer 

risk and outcome, and so these disorders should be treated 

to combat cancer. 

Statins (HMG-CoA reductase inhibitors) are the most popu-

lar cholesterol-lowering drugs because of their efficacy and 

economic profile. Randomized controlled trials (RCTs) have 

shown that statins improve the blood lipid profile, decrease 

the incidence of cardiovascular disease and reduce mortal-

ity from coronary heart disease [36, 37]. Moreover, in the 

last few decades, the recognized relationship between meta-

bolic disorders (including hypercholesterolaemia) and can-

cer promotion and progression, has led to growing interest 

in statins because of their possible use as anticancer agents. 

Statins have been associated with a significantly lower risk 

of breast, colorectal, ovarian, pancreatic and lung cancer 

and lymphoma in several observational studies [38], but 

generally results concerning cancer risk and incidence re-

main controversial. This may be due to the heterogeneity of 

many factors such as statin type, dose, exposure times and 

individual patient characteristics. However, while the effects 

of statins on cancer prevention remain inconclusive, their 

impact on cancer mortality and progression is clear. A recent 

systematic review and meta-analysis of 95 cohort studies in-

cluding more than 1 million patients [39] showed that statin 

use was significantly associated with a decreased risk of all-

cause mortality (HR 0.70, 95% CI 0.66 to 0.74) compared 

with no use. The analysis also showed a significant reduction 

in cancer-specific mortality (HR 0.60, 95% CI 0.47 to 0.77), 
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protein convertase subtilisin/kexin 

type 9 (PCSK9) is a key regulator of 

cholesterol homeostasis that con-

trols low-density lipoprotein (LDL) 

receptor (LDLR) density on the sur-

face of hepatocytes [47]. Conse-

quently, inhibition of PCSK9 would 

be a safe and cost-effective method 

to efficiently lower plasma LDL 

cholesterol, non-HDL cholesterol 

and lipoprotein. BBR in particular 

has shown good LDL-lowering ac-

tivity, increasing the uptake of LDL 

cholesterol by enhancing the stabil-

ity of its hepatic receptor. However, 

the fact that it has a different mecha-

nism of action than statins allows it 

to be combined with statins in order 

to increase treatment efficacy [48]. 

Moreover, in the glycaemic setting, BBR has demonstrated 

its effectiveness in diabetic patients, significantly decreas-

ing fasting and postprandial blood glucose and glycosylated 

haemoglobin (HbA1c) levels. Interestingly, its effect (but not 

its mechanisms of action) is similar to that of metformin [49]. 

BBR regulates glucose metabolism by stimulating glucose 

uptake by glucose transporter type 4 (GLUT-4) upregulation, 

and activating 5′ adenosine monophosphate-activated pro-

tein kinase (5′ AMPK) as a consequence of inhibition of mi-

tochondrial function. These different mechanisms mean BBR 

can be combined with other glucose-lowering agents [50] 

in order to increase efficacy without increasing side effects. 

Several studies have confirmed its efficacy. A recent systemic 

review and meta-analysis of RCTs showed that administra-

tion of BBR produced a significant reduction in levels of to-

tal cholesterol (−25%), triglycerides (−20%) and low-density 

lipoprotein cholesterol (−30%), with a remarkable increase 

in HDL [51]. No serious adverse effects of berberine were 

reported and the authors concluded that BBR may have ben-

eficial effects for the control of blood lipid levels.

A systemic review and meta-analysis of RCTs also showed 

that BBR was effective for treating hyperglycaemia, demon-

strating significant reductions in several glycaemic param-

eters such as fasting plasma glucose levels (FPG), postpran-

dial plasma glucose levels (PPG) and HbA1c. Moreover, 

compared with oral hypoglycaemic drugs alone, BBR ad-

ministered with the same oral hypoglycaemics showed bet-

ter glycaemic control. No serious adverse effects from BBR 

were reported [52].

Berberine

Berberine (BBR) is an isoquinoline alkaloid found in plants 

belonging to the Berberidaceae, Ranunculaceae and Papav-

eraceae families and is widely used in Ayurvedic and Chi-

nese medicine [42]. Recent research has clearly shown that 

BBR possesses various pharmacological activities that have 

applications in a wide spectrum of therapeutic areas where it 

has shown enormous potential, including cancer. However, 

a major disadvantage of BBR is its poor oral bioavailability 

which is attributed mainly to a P-glycoprotein (P-gp)-medi-

ated gut extrusion process [43]. However, several strategies 

have been proposed to improve its activity. The amount of 

BBR crossing enterocytes seems to be reduced by approxi-

mately 90% by P-gp, which suggests its clinical effectiveness 

could be improved either by the use of a P-gp inhibitor or 

by chemical modification of BBR allowing it to overcome 

P-gp antagonism [44]. A good candidate among potential 

P-gp inhibitors is silymarin from Silybum marianum owing 

to its very high safety profile [45] A combination of BBR and 

silymarin has shown greater clinical effectiveness in reduc-

ing cholesterol and glycaemia than BBR extract alone [46] 

and has proven efficacy in both diabetic and non-diabetic 

patients.

BBR has been shown to regulate both glucose and lipid 

metabolism in vitro and in vivo, and so could be admin-

istered alone or together with other nutraceuticals or con-

ventional drugs to manage metabolic disorders associated 

with increased cancer risk and progression. BBR has various 

mechanisms of action. In hypercholesterolaemia, the pro-

Figure 4 - The side effects of metformin and statins

Metformin side effects Statin side effects

Very common (affecting over 1 in 10 people 
taking metformin):
•  Disturbance to the gut
•  Nausea
•  Vomiting
•  Diarrhoea
•  Abdominal pain
•  Loss of appetite.

Common (affecting between 1 in 10 and 1 in 
100 people taking metformin):
•  Taste disturbance, usually a metallic taste.

Very rare (affecting less than 1 in 10,000 people 
taking metformin)
•  Elevated levels of lactic acid in the blood 

(lactic acidosis)
•  Decreased absorption of vitamin B12 during 

long-term use
•  Skin reactions such as rash, itching or flushing

Common side effects of all statins:
•  Muscle pain is the most common side effect 
caused by statin use. Several studies found 
that over 10% of people taking high-dose 
statins had muscle pain.

Symptoms could be: 
•  unusual muscle pain or cramps
•  tiredness
•  fever
•  dark urine
•  Diarrhoea.

These could be symptoms of rhabdomyolysis, 
a dangerous muscle condition that can cause 
kidney problems.

Rare side effects of all statins:
•  memory loss or confusion
•  increased blood sugar, which can lead to 
diabetes

•  kidney or liver damage.
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inflammatory properties is anticipated to exert chemopre-

ventive and therapeutic effects on carcinogenesis related to 

metabolic disorders.

Experimental studies suggest curcumin is also an effective 

antidiabetic agent without serious side effects [57]. The im-

paired insulin sensitivity seen with obesity is thought to be 

due to the presence of high concentrations of free fatty acids 

in plasma and tissues [58]. The lipid-induced IR in obesity is 

mainly due to the free fatty acid-mediated activation of NF-

κB and other signalling pathways. The potential mechanisms 

modulated by curcumin to influence IR have been clarified 

by several experimental and clinical studies. They suggested 

that curcumin acts through four pathways to reduce IR and 

its comorbidities by improving glucose homeostasis, lipid 

metabolism, the insulin pathway, oxidative stress and inflam-

mation. This highlights its potential for use as adjuvant treat-

ment in obesity, metabolic syndrome, prediabetes, diabetes, 

cardiovascular disease and cancer. Moreover, recent studies 

have shown that curcumin can inhibit 11β-hydroxysteroid 

dehydrogenase type 1 (11β-HSD-1), an enzyme expressed 

in abdominal subcutaneous fat and the liver in overweight/

obese subjects. This enzyme is key for the conversion of cor-

tisone to cortisol and consequently the induction of IR [59].

A recent randomized, double-blind, placebo-controlled trial 

reported that a 9-month curcumin intervention in a predia-

betic population significantly lowered the number of pre-

diabetic individuals who developed type 2 diabetes. In ad-

dition, curcumin treatment appeared to improve the overall 

function of β-cells, with very minor adverse effects [60].

Conclusions

Metabolic disorders are a group of symptoms and conditions 

closely related to obesity and overweight which are recog-

nized as emerging worldwide health problems. They are of 

increasing concern because of their major effects on mor-

bidity, mortality and costs. These conditions are risk factors 

for many common diseases, including cancer, particularly 

tumours with a hormonal aetiology. Metabolic disorders are 

often reversible with prompt therapeutic interventions which 

should therefore be implemented to prevent and treat can-

cer. Drugs commonly utilized for metabolic disorders have 

shown good efficacy but also have side effects which limit 

compliance. There is an urgent need to find alternative or 

synergic compounds with similar efficacy but no side effects. 

Among several nutraceuticals, berberine and curcumin in 

particular have an excellent safety profile and have shown 

good efficacy against metabolic disorders. We believe they 

These data indicate that, compared with other first-line 

drugs, BBR has a comparable therapeutic effect on hyperlipi-

daemia, hyperglycaemia, and IR and no serious side effects. 

Considering the relatively low cost, BBR might be a good 

alternative for low socioeconomic status patients for treating 

metabolic disorders over a long period of time.

Curcumin

Curcumin is another promising compound active against the 

pathways associated with metabolic disorders and another 

good alternative to conventional agents usually used in this 

setting. Curcumin (diferuloylmethane) is an active com-

ponent of turmeric derived from the rhizome of Curcuma 

longa. Turmeric is a dietary spice and a colouring agent, but 

several preclinical and clinical studies have demonstrated 

that curcumin has both preventive and therapeutic signifi-

cance in many diseases including cancer [53]. 

Clinical trials have shown that curcumin is safe in humans 

but has poor bioavailability. Low plasma and tissue levels 

of curcumin appear to be due to poor absorption, fast me-

tabolism and rapid systemic elimination. However, use of 

adjuvants such as piperine (which interferes with glucuro-

nidation), liposomal curcumin, curcumin nanoparticles or 

the curcumin–phospholipid complex can improve its bio-

availability [54].

Research over the last few decades has shown that curcumin 

exerts its anticancer activity on a wide range of molecu-

lar targets. It influences multiple signalling pathways and 

regulates the expression of several transcription factors, in-

flammatory cytokines, enzymes, growth factors, receptors, 

adhesion molecules, anti-apoptotic proteins and cell cycle 

proteins [55]. However, its anticancer activity in metabolic 

conditions is based on its strong anti-inflammatory and anti-

oxidant activity and its ability to reverse IR. The beneficial 

and anti-inflammatory effects of curcumin and curcumi-

noids in the obese state are produced through regulation of 

a diverse range of molecular targets. The anti-inflammatory 

effect of curcumin is most likely mediated through its abil-

ity to downregulate cytokines (such as TNF-α, IL-1 and IL-

6) and to inhibit cyclooxygenase-2 (COX-2), lipoxygenase 

(LOX) and inducible nitric oxide synthase (iNOS) which 

are important enzymes mediating inflammatory processes. 

Moreover, curcumin is particularly active against NF-κB, a 

transcription factor that regulates the expression of genes 

involved in controlling cellular proliferation/growth and 

inflammatory responses [56]. Because inflammation, par-

ticularly obesity-related subclinical inflammation, is closely 

linked to tumour promotion, curcumin with its potent anti-

Nf3_2017.indb   143 09/10/17   15:31



144 www.ceceditore.com

Nutrafoods (2017) 16:137-145 Original Research

17.	 Mohammadzadeh G, Zarghami N (2011) Hypoadiponectinemia in 

obese subjects with type II diabetes: a close association with central 

obesity indices. J Res Med Sci 16:713–723

18.	 Roberts DL, Dive C, Renehan AG (2010) Biological mechanisms 

linking obesity and cancer risk: new perspectives. Annu Rev Med 

61:301–316

19.	 Choi JH, Park SH, Leung PC et al (2005) Expression of leptin recep-

tors and potential effects of leptin on the cell growth and activation 

of mitogen-activated protein kinases in ovarian cancer cells. J Clin 

Endocrinol Metab 90:207–210

20.	 Djiogue S, Nwabo Kamdje AH, Vecchio L (2013) Insulin resistance and 

cancer: the role of insulin and IGFs. Endocr Relat Cancer 20:R1–R17

21.	 Cazzaniga M, Bonanni B (2015) Relationship between metabolic 

reprogramming and mitochondrial activity in cancer cells. Under-

standing the anticancer effect of metformin and its clinical implica-

tions. Anticancer Res 35:5789–5796

22.	 Calle EE, Kaaks R (2004) Overweight, obesity and cancer: epide-

miological evidence and proposed mechanisms. Nat Rev Cancer 

4:579–591

23.	 Warburg O (1956) On the origin of cancer cells. Science 

123(3191):309–314

24.	 Morris PG, Hudis CA, Giri D (2011) Inflammation and increased 

aromatase expression occur in the breast tissue of obese women 

with breast cancer. Cancer Prev Res (Phila) 4:1021–1029

25.	 Key T, Appleby P, Barnes I et al (2002) Endogenous sex hormones 

and breast cancer in postmenopausal women: reanalysis of nine 

prospective studies. J Natl Cancer Inst 94:606–616

26.	 Key TJ, Appleby PN, Reeves GK et al (2003) Body mass index, serum 

sex hormones, and breast cancer risk in postmenopausal women. J 

Natl Cancer Inst 95:1218–1226

27.	 Touvier M, Fassier P, His M et al (2015) Cholesterol and breast can-

cer risk: a systematic review and meta-analysis of prospective stud-

ies. Br J Nutr 114:347–357 

28.	 Nelson ER, Wardell SE, Jasper JS et al (2013) 27-Hydroxycholesterol 

links hypercholesterolemia and breast cancer pathophysiology. Sci-

ence 342:1094–1098

29.	 Murai T (2015) Cholesterol lowering: role in cancer prevention and 

treatment. Biol Chem 396:1–11

30.	 Evans JM, Donnelly LA, Emslie-Smith AM et al (2005) Metformin 

and reduced risk of cancer in diabetic patients. BMJ 330:1304–1305

31.	 Bowker SL, Majumdar SR, Veugelers P et al (2006) Increased cancer 

related mortality for patients with type 2 diabetes who use sulfony-

lureas or insulin. Diabetes Care 29:254–258

32.	 Decensi A, Puntoni M, Goodwin P et al (2010) Metformin and can-

cer risk in diabetic patients: a systematic review and meta-analysis. 

Cancer Prev Res (Phila) 3:1451–1461

33.	 Gonzalez-Angulo AM, Meric-Bernstam F (2010) Metformin: a thera-

peutic opportunity in breast cancer. Clin Cancer Res 16:1695–1700

are perfect alternatives which merit further study and intro-

duction into clinical practice. 

References

1.	 Must A, Spadano J, Coakley EH et al (1999) The disease burden as-

sociated with overweight and obesity. JAMA 282:1523–1529

2.	 Iyengar NM, Gucalp A, Dannenberg AJ et al (2016) Obesity and 

cancer mechanisms: tumor microenvironment and inflammation. J 

Clin Oncol 34:4270–4276

3.	 Becker S, Dossus L, Kaaks R (2009) Obesity related hyperinsulinae-

mia and hyperglycaemia and cancer development. Arch Physiol 

Biochem 15(2):86–96

4.	 Finucane MM, Stevens GA, Cowan MJ et al (2011) National, regional, 

and global trends in body-mass index since 1980: systematic analysis 

of health examination surveys and epidemiological studies with 960 

country-years and 9.1 million participants. Lancet 377:557–567

5.	 Katzke VA, Kaaks R, Kühn T (2015) Lifestyle and cancer risk. Cancer 

J 21:104–110

6.	 Keum N, Greenwood DC, Lee DH et al (2015) Adult weight gain 

and adiposity-related cancers: a dose-response meta-analysis of 

prospective observational studies. J Natl Cancer Inst 10:107(2)

7.	 Renehan AG, Tyson M, Egger M et al (2008) Body-mass index and 

incidence of cancer: a systematic review and meta-analysis of pro-

spective observational studies. Lancet 371:569–578

8.	 Calle EE, Rodriguez C, Walker-Thurmond K et al (2003) Overweight, 

obesity, and mortality from cancer in a prospectively studied cohort 

of U.S. adults. N Engl J Med 348:1625–1638

9.	 Arnold M, Pandeya N, Byrnes G et al (2015) Global burden of can-

cer attributable to high body-mass index in 2012: a population-

based study. Lancet Oncol 16:36–46

10.	 Alberti KG, Zimmet P, Shaw J (2006) Metabolic syndrome--a new 

world-wide definition. A Consensus Statement from the Internation-

al Diabetes Federation. Diabet Med 23:469–480

11.	 Esposito K, Chiodini P, Colao A (2012) Metabolic syndrome and 

risk of cancer: a systematic review and meta-analysis. Diabetes Care 

35:2402–2411

12.	 Galic S, Oakhill JS, Steinberg GR (2010) Adipose tissue as an endo-

crine organ. Mol Cell Endocrinol 316:129–139

13.	 Coppack SW (2001) Pro-inflammatory cytokines and adipose tissue. 

Proc Nutr Soc 60:349–356

14.	 Mehta HJ, Patel V, Sadikot RT (2014) Curcumin and lung cancer--a 

review. Target Oncol 9:295–310

15.	 Hotamisligil GS, Erbay E (2008) Nutrient sensing and inflammation 

in metabolic diseases. Nat Rev Immunol 8:923–934

16.	 Sonnenberg GE, Krakower GR, Hoffmann RG et al (2001) Plasma 

leptin concentrations during extended fasting and graded glucose 

infusions: relationships with changes in glucose, insulin, and FFA. J 

Clin Endocrinol Metab 86:4895–4900

Nf3_2017.indb   144 09/10/17   15:31



www.ceceditore.com

Original Research Nutrafoods (2017) 16:137-145

145

extracts versus only Berberis aristata in patients with type 2 diabetes. 

Clin Pharmacol 5:167–174

47.	 McKenney JM (2015) Understanding PCSK9 and anti-PCSK9 thera-

pies. J Clin Lipidol 9:170–186

48.	 Kong WJ, Wei J, Zuo ZY et al (2008) Combination of simvastatin 

with berberine improves the lipid-lowering efficacy. Metabolism 

57:1029–1037

49.	 Zhang Q, Xiao X, Feng K et al (2011) Berberine moderates glucose 

and lipid metabolism through multipathway mechanism. Evid Based 

Complement Alternat Med 2011:924851

50.	 Di Pierro F, Villanova N, Agostini F et al (2012) Pilot study on the addi-

tive effects of berberine and oral type 2 diabetes agents for patients with 

suboptimal glycemic control. Diabetes Metab Syndr Obes 5:213–217

51.	 Dong H, Zhao Y, Zhao L, Lu F (2013) The effects of berberine on 

blood lipids: a systemic review and meta-analysis of randomized 

controlled trials. Planta Med 79:437–446

52.	 Dong H, Wang N, Zhao L et al (2012) Berberine in the treatment of 

type 2 diabetes mellitus: a systemic review and meta-analysis. Evid 

Based Complement Alternat Med 2012:591654 

53.	 Hatcher H, Planalp R, Cho J et al (2008) Curcumin: from ancient 

medicine to current clinical trials. Cell Mol Life Sci 65:1631–1652

54.	 Anand P, Kunnumakkara AB, Newman RA et al (2007) Bioavailabil-

ity of curcumin: problems and promises. Mol Pharm 4:807–818

55.	 Shishodia S (2013) Molecular mechanisms of curcumin action: gene 

expression. Biofactors 39:37–55

56.	 Aggarwal BB (2010) Targeting inflammation-induced obesity and 

metabolic diseases by curcumin and other nutraceuticals. Annu Rev 

Nutr 30:173–199

57.	 Ghorbani Z, Hekmatdoost A, Mirmiran P (2014) Anti-hyperglycemic 

and insulin sensitizer effects of turmeric and its principle constituent 

curcumin. Int J Endocrinol Metab 12(4):e18081

58.	 Arner P, Rydén M (2015) Fatty acids, obesity and insulin resistance. 

Obes Facts 8:147–155

59.	 Hu GX, Lin H, Lian QQ et al (2013) Curcumin as a potent and se-

lective inhibitor of 11β-hydroxysteroid dehydrogenase 1: improving 

lipid profiles in high-fat-diet-treated rats. PLoS One 8:e49976

60.	 Chuengsamarn S, Rattanamongkolgul S, Luechapudiporn R (2012) 

Curcumin extract for prevention of type 2 diabetes. Diabetes Care 

35:2121–2127

34.	 Cazzaniga M, Bonanni B, Guerrieri-Gonzaga A et al (2009) Is it time 

to test metformin in breast cancer clinical trials? Cancer Epidemiol 

Biomarkers Prev 18:701–705

35.	 Bonanni B, Puntoni M, Cazzaniga M et al (2012) Dual effect of met-

formin on breast cancer proliferation in a randomized presurgical 

trial. J Clin Oncol 30(21):2593–2600

36.	 Baigent C, Keech A, Kearney PM et al (2005) Efficacy and safety of 

cholesterol-lowering treatment: prospective meta-analysis of data 

from 90,056 participants in 14 randomised trials of statins. Lancet 

366:1267–1278

37.	 Chou R, Dana T, Blazina I et al (2016) Statins for prevention of car-

diovascular disease in adults: evidence report and systematic review 

for the US Preventive Services Task Force. JAMA 316:2008–2024

38.	 Vallianou NG, Kostantinou A, Kougias M et al (2014) Statins and 

cancer. Anticancer Agents Med Chem 14:706–712

39.	 Mei Z, Liang M, Li L, Zhang Y et al (2017) Effects of statins on cancer 

mortality and progression: a systematic review and meta-analysis of 95 

cohorts including 1,111,407 individuals. Int J Cancer 140:1068–1081

40.	 Regan MM, Neven P, Giobbie-Hurder A and BIG 1-98 Collaborative 

Group; International Breast Cancer Study Group (IBCSG) (2011) As-

sessment of letrozole and tamoxifen alone and in sequence for post-

menopausal women with steroid hormone receptor-positive breast 

cancer: the BIG 1-98 randomised clinical trial at 8.1 years median 

follow-up. Lancet Oncol 12:1101–1108

41.	 Borgquist S, Giobbie-Hurder A, Ahern TP (2017) Cholesterol, cho-

lesterol-lowering medication use, and breast cancer outcome in the 

BIG 1-98 Study. J Clin Oncol 35:1179–1188

42.	 Tillhon M, Guamán Ortiz LM, Lombardi P et al (2012) Berberine: new 

perspectives for old remedies. Biochem Pharmacol 84:1260–1267

43.	 Pan GY, Wang GJ, Liu XD et al (2002) The involvement of P-glyco-

protein in berberine absorption. Pharmacol Toxicol 91:193–197

44.	 Shan YQ, Ren G, Wang YX et al (2013) Berberine analogue IMB-

Y53 improves glucose-lowering efficacy by averting cellular efflux 

especially P-glycoprotein efflux. Metabolism 62:446–456

45.	 Zhou S, Lim LY, Chowbay B (2004) Herbal modulation of P-glyco-

protein. Drug Metab Rev 36:57–104

46.	 Di Pierro F, Putignano P, Villanova N et al (2013) Preliminary study 

about the possible glycemic clinical advantage in using a fixed com-

bination of Berberis aristata and Silybum marianum standardized 

Nf3_2017.indb   145 09/10/17   15:31


