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‘Globesity’	  

Prevalenca	  debelos=	  se	  je	  v	  zadnjih	  30-‐ih	  le=h	  več	  kot	  podvojila	  
Več	  kot	  500	  miljonov	  področij,	  kjer	  je	  50%	  prebivalcev	  predebelih	  



Vzroki?	  

Gene=ka	  
Zmanjšanje	  telesne	  ak=vnos=	  
Dras=čna	  sprememba	  našega	  okolja	  
Ekonomska	  poli=ka	  
	  
Debelost	  je	  mul=faktorialna	  BOLEZEN.	  
	  



Poraba	  sladkorja	  ZDA	  



Skri=	  sovražnik	  	  
HFCS	  

Vnos	  fruktoze:	  
	  
Pred	  letom	  1900	  
	  

	  15g/dan	  
	  
Leta	  2010	  
	  

	  73g/dan	  

Tappy	  et	  al;	  Physiol	  Rev	  2010	  



Zakaj	  HFCS	  ?	  

•  Cena	  	  
•  Okus	  
•  Ekonomija	  



Vsebnost	  fruktoze	  
Živilo	   saharoza	   fruktoza	  

med	   0,9	   41,0	  

sladkor	   94,5	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  è	   1,1	  +	  47,3	  

Rozine	   0,7	   48,9	  

Agava,	  posušena	   4,3	   42,8	  

Jabolko	  	   2,7	   5,9	  

Mandarina	   6,1	   2,4	  

Lubenica	   1,2	   3,4	  

Pomarančni	  sok	   4,0	   2,4	  

Marelica	   5,8	   0,9	  

Marelica,	  suha	   7,9	   12,4	  

Grozdje	   0,2	   8,1	  

Banana	   2,4	   4,8	  

Hruška	   1,	  2	   9,2	  

v	  100	  g	  živila	  



Glukoza	  Vs	  Fruktoza	  

HEKSOZA	  
C6H12O6	  

aldoza	   ketoza	  



Presnova	  glukoze	  

R	  Lus=g	  



Presnova	  fruktoze	  
GLUT	  5:	  
-‐jetra	  
-‐ledvica	  
-‐GIT	  

Arterijska	  hipertenzija	  

Vnetni	  odgovor	  
-‐ 	  NFκB	  
-‐ 	  TNFα	  



Arterijska	  hiperteznija	  

Gao	  et	  al.;	  Hypertension	  2007	  

Povečana	  poraba	  ATP	  povzroči	  nabiranje	  IMP,	  ki	  posledično	  povzroča	  kopičenje	  URATA.	  
Posledica	  –	  zaviranje	  delovanja	  NO	  sintaze	  in	  znižana	  konc.	  NO	  –	  endotelna	  disfunkcija.	  

Johnson	  et	  al.	  Diabetes	  2013,	  	  



Inzulinska	  rezistenca	  

sition to insulin was not altered, but phosphorylation of
IRS-1 and IRS-2 was reduced, indicating that sucrose
impaired postreceptor insulin signaling; unexpectedly,
PI3K activity was increased, suggesting a possible com-
pensatory mechanism (157). In skeletal muscle of rats,
both a high-sucrose diet (73) and a high-fructose diet (73)
decreased insulin-induced insulin receptor and IRS-1
phosphorylation. This effect was observed only in living
animals but was not reproduced when measuring insulin-
mediated glucose disposal of isolated muscles, indicating
that the effect of fructose on muscle required the living
environment (115).

Although, in most studies, fructose elicited both he-
patic insulin resistance and altered hepatic/extrahepatic
lipid metabolism, some observations suggest that these
two effects may be distinct. Thus, in healthy males, fruc-
tose overfeeding increased hepatic de novo lipogenesis
and plasma triglycerides and decreased hepatic insulin
sensitivity; under such conditions, supplementation with
fish oil, which inhibited de novo lipogenesis, efficiently
reduced plasma triglycerides but failed to normalize he-
patic insulin sensitivity (76). Moreover, a high-fructose
diet increased intrahepatic lipid deposition in humans,
while hepatic insulin sensitivity remained unchanged
(121). In rats, a diet rich in fructose and trans fatty acid
also causes hepatic insulin resistance and hepatic steato-
sis, but here also, fructose appears more related to he-
patic insulin resistance while trans fats were more in-
volved in the development of steatohepatitis (209).

It was further observed that sucrose elicited stress
responses in hepatocytes, which involved activation of
the c-Jun terminal kinase (JNK). Changes in the redox
state of the cells upon exposure to sucrose may be re-
sponsible for this activation of JNK. Furthermore, normal-
ization of JNK activity in hepatocytes isolated from su-
crose-fed rats normalized insulin signaling. In addition, it
was documented that the effects of sucrose on JNK ac-
tivity and insulin sensitivity in the liver were essentially due
to the fructose component of sucrose (236–238). Fructose
administration was also shown to exert a marked oxidative
stress on the organism (37). Providing fructose with honey,
which is naturally rich in antioxidant substances, prevented
both the oxidative stress induced by fructose and the reduc-
tion of insulin sensitivity (38).

Fructose may also possibly decrease insulin sensitiv-
ity through changes in the gut microbial flora and/or
alterations of intestinal permeability. It is now recognized
that insulin resistance in obese patients is associated with
markers of inflammation, such as C-reactive protein or
proinflammatory cytokines, and with inflammation of ad-
ipose tissue (86). Recently, it was observed that a high-fat
diet can lead to enhanced intestinal permeability and
alterations of intestinal bacterial flora, thus resulting in an
increase of the plasma concentration of bacterial lipo-
polysaccharides, or endotoxin. Low-grade endotoxinemia

in turn activates inflammatory pathways and impairs in-
sulin’s action, leading to the development of insulin resis-
tance (39, 40). As for a high-fat diet, a high-fructose diet
was shown to increase plasma concentrations of endo-
toxin (212). Furthermore, mice fed a high-fructose diet
were protected against both endotoxinemia and fatty liver
infiltration by an antibiotic treatment, suggesting that part
of the metabolic effects of fructose were mediated by
changes in the microbial flora (20).

In summary, there is no doubt that high-fructose feed-
ing can cause insulin resistance in rodents. The evidence in
humans is less impressive: fructose produces a slight impair-
ment of hepatic insulin’s actions, but does not reduce whole
body insulin sensitivity. Interactions between fructose and
fat or total energy intake remain to be assessed. Regarding
the mechanisms possibly linking fructose to insulin resis-
tance (Fig. 6), altered lipid metabolism and lipotoxicity sec-
ondary to stimulation of de novo lipogenesis, or fructose-
induced oxidative stress may be involved. In addition, fruc-
tose may impair endothelial function through increased uric
acid production, thus contributing to so-called “prereceptor”
insulin resistance (see sect. IIIC).

D. Effects of Fructose Overfeeding Versus
Glucose Overfeeding

The intake of naturally occurring free fructose with
fruits and honey is relatively low in our western-type diet
and accounts for only !15% of total fructose intake in the
United States (135). Under everyday life conditions, fruc-
tose is essentially consumed as sucrose, with the corol-
lary that fructose and glucose intake vary in parallel. This

FIG. 6. Summary of the potential mechanisms for fructose-induced
insulin resistance.
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Another important issue is whether glucose itself is the
right control for fructose. Outwardly it would seem true,
but we recently discovered that glucose may act to induce
obesity and insulin resistance by being converted to fruc-
tose in the liver (91). Specifically, high concentrations of
glucose, such as occurs in soft drinks, can induce the ac-
tivation of the polyol pathway in the liver, resulting in the
generation of fructose. In turn, the fructose is then me-
tabolized by KHK, resulting in fructose-dependent effects.
Indeed, glucose-induced weight gain, fat accumulation,
fatty liver, and insulin resistance are all dependent on
KHK. While some visceral fat and weight gain occur in
glucose-fed mice lacking KHK, the development of fatty
liver and hyperinsulinemia are almost entirely dependent
on glucose-induced fructose metabolism (91). Hence, al-
though fructose itself will have more metabolic effects
than glucose, the glucose itself may also be inducing
metabolic changes via fructose.
Meta-analyses that argue fructose is not a risk factor
for metabolic syndrome
Weight gain. A meta-analysis recently reported that fruc-
tose intake does not cause weight gain compared with
other sugars in short-term studies if both groups are given
the same number of total calories (isocaloric diets) (81).
However, no food will cause weight gain under these
conditions, as weight gain is driven primarily by increased
energy intake as opposed to a reduction in metabolic rate,
at least in the short-term. Indeed, the mechanism by which
fructose increases weight is likely via its ability to stimu-
late hunger and block satiety responses (7,9), so if food
intake is controlled this would not be observed.

Blood pressure. It is a scientific fact that the adminis-
tration of clinically relevant doses (60 g) of fructose
acutely raises blood pressure in humans (92), and similar
increases in blood pressure have been observed following
ingestion of 24 ounces of HFCS or sucrose-containing
beverages (68). It has also been reported that high doses of
fructose raises 24-h ambulatory blood pressure in humans and
can be blocked by lowering uric acid with allopurinol (63).
However, the recent meta-analysis by Ha et al. (82) addressed
whether short-term isocaloric fructose diets can increase
blood pressure after an overnight fast. Since the acute effects
of fructose to raise blood pressure occur during the ingestion
of fructose (and are likely mediated by uric acid), it is not
surprising that the authors did not show an effect on blood
pressure; indeed, a similarly designed study would conclude
that glucose-rich diets do not increase insulin levels.

An important question is whether chronic fructose in-
gestion may be responsible for persistent elevations in
blood pressure. It is known that the greatest risk for per-
sistent hypertension is borderline hypertension in which
intermittent blood pressure elevations occur. There is also
evidence that fructose causes microvascular disease in the
kidney, which is known to predispose to persistent salt-
sensitive hypertension. Indeed, persistent hypertension
can be induced with fructose and high-salt diet in rats.
Furthermore, chronic fructose ingestion over time is as-
sociated with elevations in fasting uric acid levels (58,93),
in part because fructose also stimulates uric acid synthe-
sis. Epidemiological studies have also linked fructose in-
take with hypertension and elevated serum uric acid levels
(94). Reduction in sugar intake is also strongly associated

FIG. 3. Uric acid: potential mechanisms for insulin resistance and diabetes. Uric acid may contribute to insulin resistance in the liver by inducing
mitochondrial oxidative stress and steatosis (28). Uric acid also blocks the ability of insulin to stimulate vasodilation of blood vessels, which is
important for the delivery of glucose to the skeletal muscle (4,32). Uric acid also induces local inflammation in the adipose tissue with a reduction
in the production of adiponectin (44). Finally, uric acid may also have direct effects on the islet cells leading to local oxidative stress and islet
dysfunction (5). Mt, mitochondria; PO4, phosphate.

FRUCTOSE, URIC ACID, AND DIABETES

3312 DIABETES, VOL. 62, OCTOBER 2013 diabetes.diabetesjournals.org

Johnson	  et	  al.	  Diabetes	  2013,	  	  



Vpiv	  na	  profil	  izločanja	  inzulina	  

Stanhope	  et	  al.;	  J	  Clin	  Invest	  2009	  

OGTT	  9	  tednov	  po	  specifični	  die=	  z	  glu	  ali	  fru	  



Ape=t	  

•  Inzulin	  zavira	  vnos	  
hrane	  (po	  obroku)	  

•  	  Zmanjša	  
koncentracijo	  
dopamina	  v	  VTA	  

•  Lep=nska	  
rezistenca	  

•  Dezinhibicija	  
grelina	  

Mebel	  et	  al.;	  EJN	  2012	  

Insulin suppresses DA in the VTA via an increase in DAT
number or function

We tested if insulin-mediated suppression of [DA]o was due to a
decrease in release of DA from somatodendrites or a result of

increased DA uptake through either DAT, NET, or both transporters.
Several lines of evidence suggest that insulin-mediated suppression of
[DA]o is due to an effect on DAT. Insulin-mediated suppression of
[DA]o was calcium-independent, suggesting that insulin does not alter
a release mechanism of DA. Further, insulin did not reduce [DA]o at
all frequencies, indicating that insulin-mediated suppression of [DA]o
does not occur in a frequency-dependent manner. Insulin suppressed
[DA]o at higher stimulation frequencies with no significant effect at
lower frequencies, indicating that insulin-mediated inhibition of [DA]o
is more effective in the presence of increased extracellular DA. Thus,
one can speculate that insulin may suppress [DA]o during times of
burst firing, a firing pattern that facilitates DA release in somatoden-
dritic regions of the midbrain (Bjorklund & Lindvall, 1975; Kalivas &
Duffy, 1991; Rice et al., 1997; Jaffe et al., 1998). In the striatum,
peak [DA]o at high stimulation frequencies is primarily due to
increased DA release, as there is limited time for DA uptake between
each stimulation pulse (Cragg & Greenfield, 1997). Therefore, the
greater insulin effect at high stimulation frequencies could suggest that
insulin may also alter DA release. However, in contrast to this idea,
insulin-mediated suppression of [DA]o was completely abolished in
the presence of the selective DAT inhibitor GBR 12909 or in mice
lacking DAT. Notably, while GBR 12909 significantly increased the
decay of the evoked current, there was not a significant increase in
amplitude over the time course of the experiment. This may be
because DA: (i) was able to sufficiently diffuse away from the
electrode within the 5-min simulation intervals; (ii) was degraded to its
metabolites that are less sensitive to the electrode; or (ii) was taken up
by other monoamine transporters. Regardless, in the presence of the
selective DAT inhibitor or in mice lacking DAT, insulin did not
suppress evoked [DA]o. Taken together, these data support the
hypothesis that insulin-mediated suppression of [DA]o is due to an
increased reuptake of DA. These data are consistent with the effects of
insulin in the striatum. Rats made hypoinsulinemic display decreased
DA clearance (Owens et al., 2005). Depletion of insulin reduced the
ability of amphetamine to release DA via DAT (Williams et al.,
2007). Furthermore, insulin increased DA clearance via human DAT
expressed in HEK 293 cells (Garcia et al., 2005).
Interestingly, insulin inhibited somatodendritic [DA]o to a similar

extent in VTA of mice lacking NET as in that of wild-type mice,
suggesting that, in VTA, insulin does not modulate NET. In contrast,
insulin decreases [3H]NE uptake in hippocampal slices (Figlewicz &
Szot, 1991), PC12 cells (Figlewicz et al., 1993) and whole-brain
neuronal cultures (Boyd et al., 1985, 1986). Conversely, insulin has
been demonstrated to stimulate uptake of NE via NET in SK-N-SH
cells (Apparsundaram et al., 2001), and decrease NET surface
expression in mouse hippocampal slices and superior cervical
ganglion neuron boutons (Robertson et al., 2010). Insulin in the
nucleus accumbens potentiated the NE release-enhancing effects of
desmethylimipramine (Schoffelmeer et al., 2011). In summary, while
our experiments found no effect of insulin on NET in the VTA, insulin
likely modulates NET in other brain regions. This discrepancy may be
due to decreased NET in the VTA compared with other brain regions
(Lorang et al., 1994) and sparce en passant rostral norepinephrinergic
processes in the VTA (Cragg et al., 1997).

Insulin activates insulin receptor tyrosine kinase, PI3K and
mTOR to reduce [DA]o

Insulin-mediated suppression of [DA]o was blocked by the cell-
permeable insulin receptor inhibitor, HNMPA[AM]3. This compound
acts at the tyrosine kinase phosphorylation site, and does not
distinguish between insulin-like growth factor 1 (IGF-1) and insulin
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Fig. 8. Intra-VTA microinfusion of insulin reduces hedonic feeding. Mice
were entrained to consume their daily caloric needs within 4 h of food access.
(A) Reconstructed injection sites in the VTA are shown in coronal sections.
Distance from bregma is shown to the right of each section (in mm). (B)
Animals microinjected with vehicle (filled bars, n = 6) or insulin (open bars,
n = 6) in VTA 10 min prior to food access did not consume significantly
different amounts of regular chow during either the first hour (left) or total
period of food access (right) compared with naive mice (shaded bars, n = 6,
P < 0.05). (C) Mice consumed at least 50% of their daily food within the first
hour of food access and ate progressively less towards the end of the 4-h food
access (left). Subsequent intra-VTA administration of insulin (open bars, n = 9)
significantly decreased the 1-h sated consumption of sweetened high-fat food
compared with vehicle-treated mice (right; filled bars, n = 8, P < 0.001). Bars
represent mean ± SEM. A one-way anova followed by a Bonferonni’s
multiple comparisons test was used.

Insulin attenuates somatodendritic dopamine 2343
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European Journal of Neuroscience, 36, 2336–2346



NAFLD,	  dislipidemija	  

•  Povečana	  tvorba	  Acetyl-‐
Co-‐A	  (citratni	  shumle)	  

•  De	  novo	  lipogeneza	  
•  Hiperglikemija	  
•  VLDL,	  TG	  –	  akumulacija	  
mačobnega	  tkiva	  

•  Mišična	  inzulinska	  
rezistenca	  -‐	  
zamaščenost	  	  

that a high fructose intake impairs leptin’s actions, thus
causing a state of leptin resistance. In fructose-fed rats, the
anorectic effects of intraperitoneally administered leptin
were nearly abolished; this corresponded to a significant
decrease in hypothalamic signal transducer and activator of
transcription-3 (STAT-3) phosphorylation in response to
fructose (193). It was also observed that, in rats, a high-
fructose diet caused hepatic leptin resistance through an
enhanced amount of suppressor of cytokine 3 and through
decreased serine/threonine phosphorylation of key proteins in
leptin signaling. At the level of the liver, where leptin promotes
fat mobilization and oxidation, this hepatic leptin resistance
may contribute to the pathogenesis of fructose-induced nonal-
coholic fatty liver disease (NAFLD) (233).

One intriguing observation has been recently reported:
it is well known that glucose is the primary fuel for the
brain and that changes in glucose concentrations may act
as a signal informing the brain about the metabolic and
nutritional state of the organism. Accordingly, administra-
tion of glucose in the cerebral ventricles suppressed food
intake through an increase in ATP-to-AMP ratio and an
increased malonyl-CoA content in specialized hypotha-
lamic areas (97). When fructose was infused intracister-
nally instead of glucose, opposite effects were observed,
i.e., a drop in ATP-to-AMP ratio, a stimulation of AMPK
activity, lowered malonyl-CoA, and increased food intake
(42). The physiological significance of this observation
remains however unclear, since plasma fructose concen-
tration will never exceed the micromolar range under
physiological conditions, and hence fructose ingestion is
unlikely to increase fructose concentration in the cere-
brospinal fluid.

III. LONG-TERM EFFECT OF FRUCTOSE

Given the low glycemic rise induced by fructose in-
gestion, and the fact that its metabolism does not strictly
require insulin secretion, several studies evaluated the
metabolic effects of replacing part of the carbohydrate
intake of patients with type 2 diabetes mellitus with fruc-
tose. These studies reported conflicting results, in part
explained by variations in experimental conditions (dura-
tion of treatment, type of carbohydrate replaced by fruc-
tose in the diet, etc.). Only about half of them resulted in
a significant reduction in blood glucose (10, 14, 16, 55, 56,
85, 139, 154, 210, 211). These studies however pointed out
the fact that fructose was associated with a substantial
increase in plasma triglyceride and a decrease in high-
density lipoprotein (HDL)-cholesterol.

In animal models, numerous studies have addressed
the effects of diets enriched with fructose or sucrose. As
a whole, they indicated that high-fructose/high-sucrose
diets lead to several adverse metabolic and cardiovascu-
lar effects, including dyslipidemia, insulin resistance, hy-
pertension, hyperuricemia, and weight gain (24, 91, 123).

A. Dyslipidemia

It has been long recognized that feeding a high-fruc-
tose diet for more than 1 wk increases plasma total- and
VLDL-triglycerides in healthy volunteers and in patients
with insulin resistance or type 2 diabetes. An increase in
total cholesterol was also encountered in some of these
studies (14, 55, 133). The mechanisms underlying fruc-
tose-induced dyslipidemia have been partially elucidated
(see Fig. 4). Plasma triglyceride kinetics were measured
in rats fed high-sucrose, -glucose, or -fructose diets: it was
observed that, compared with glucose, fructose and su-
crose both increased triglyceride production and de-
creased triglyceride clearance (113). Fructose, by provid-
ing large amounts of hepatic triose-phosphate as precur-
sors for fatty acid synthesis, is highly lipogenic. It has
indeed been observed in several studies that hepatic de
novo synthesis is stimulated after acute fructose inges-
tion, with fructose contributing to the synthesis of both
the glycerol- and the fatty-acyl parts of VLDL-triglycerides
(46, 165). Fructose may, in addition, increase the expres-
sion of key lipogenic enzymes in the liver. It has been
shown to induce the expression of the factor of transcrip-
tion SREBP-1c, the principal inducer of hepatic lipogen-
esis (137, 194). Furthermore, this effect was independent
of changes in insulin concentrations (137, 147). This effect

FIG. 4. Possible mechanisms involved in fructose-induced dyslipide-
mia.
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Kogni=vne	  funkcije	  

•  Dieta	  z	  visoko	  vsebnostjo	  fruktoze	  (saharoze)	  
je	  povezana	  s	  hitrejšim	  kogni=vnim	  upadom	  in	  
slabšim	  spominom	  
– Zmanjšana	  neuroplas=čnost	  nevronov	  v	  
hpokampusu	  

– Vnetje	  (IL-‐1,	  IL-‐6,	  CRP)	  
– Okvare	  endotela	  	  
–  Inzulinska	  rezistenca	  

Lakhan	  et	  al.;	  Nutri=on	  J	  2013	  



Klinične	  posledice	  pre=ranega	  vnosa	  
fruktoze	  
•  Hipertenzija	  
•  NAFLD	  (Non	  Alchoholic	  Famy	  Liver	  Disesease)	  
•  S=mulacija	  ‘de	  novo’	  lipogeneze	  
•  Dislipidemija	  	  
•  Hiperglikemija	  
•  Jetrna	  in	  mišična	  inzulinska	  rezistenca	  
•  Debelost,	  inzulinska	  rezistenca	  in	  =p	  2	  DM	  
•  Upad	  kogni=vnih	  funkci	  
•  Sistemski	  vnetni	  odgovor	  



Preteklost	  Vs	  sedanjost	  

•  Nasvet	  diabe=ku	  –	  sladila	  s	  fruktozo	  
•  Prehranske	  manipulacije	  	  
•  Predelava	  prehrane	   50	  g/dan	  	  



Problem?	  

•  Življenski	  s=l	  
•  Predispozicije	  za	  neželene	  učinke	  

Ženske,	  športniki,	  genska	  zasnova	  



Rešitev?	  

Priporočila	  za	  vnos	  dodanih	  sladkorjev	  2009	  

5	  čajnih	  žličk	  (80	  kcal)	  pri	  predvidenem	  dnevnem	  kaloričnem	  vnosu	  1800	  kcal	  
Do	  

9	  čajnih	  žličk	  (144	  kcal)	  pri	  predvidenem	  dnevnem	  kaloričnem	  vnosu	  2200	  kcal	  	  
	  	  

	  	  
Report	  of	  the	  Dietary	  Guidelines	  Advisory	  CommiNee	  on	  the	  
Dietary	  Guidelines	  for	  Americans,	  2010 	  	  

Dnevni	  vnos	  dodanih	  sladkorjev	  do	  25%	  vseh	  kalorij	  	  



Take	  home	  message	  

•  Presnovna	  pot	  fruktoze	  se	  zelo	  razlikuje	  od	  
glukoze	  in	  prekomeren	  vnos	  povzroča	  številne	  
presnovne	  spremembe,	  ki	  vodijo	  v	  kronične	  
bolezni	  in	  debelost	  

•  Njena	  toksičnost	  je	  odvisna	  od	  količine	  

Uravnotežena	  nepredelana	  prehrana	  in	  ak=ven	  
življenski	  slog!	  


