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CHRONIC	KIDNEY	DISEASE	

•  The	present	study	was	conducted	to	test	
the	 hypothesis	 that	 consumption	 of	 a	

high-fructose	 diet	 could	 accelerate	 the	

progression	of	chronic	kidney	disease.	In	

conclusion,	 consumption	 of	 a	 high-

fructose	 diet	 greatly	 accelerates	

progression	of	 chronic	 kidney	disease	 in	

the	rat	remnant	kidney	model.	
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CHRONIC	KIDNEY	DISEASE	

•  Fructose	 diet,	 but	 not	 glucose	 diet,	
significantly	 increased	 kidney	 weight	 by	 6	

wk.	 The	 primary	 finding	 was	 tubular	

hyperplasia	 and	 proliferation	 involving	 all	

segments	 of	 the	 proximal	 tubules.	 These	

studies	may	provide	a	mechanism	by	which	

metabolic	syndrome	causes	renal	disease.	
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HIGH	BLOOD	PRESSURE	
•  RESULTS:	 Fructose	 diet	 (8	 weeks)	 produced	 an	

increase	 in	mean	 arterial	 pressure.	 The	 changes	

occurred	 only	 at	 night,	 a	 period	 of	 activity	 for	

mice.	 Glucose	 tolerance	 was	 attenuated	 in	 the	

fructose	group.		

•  CONCLUSION:	 	 A	 high	 fructose	 diet	 in	 mice	

produced	nocturnal	hypertension.	
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HIGH	BLOOD	PRESSURE	
•  The	 recent	 increase	 in	 fructose	 consumption	

in	 industrialized	 nations	 mirrors	 the	 rise	 in	

the	 prevalence	 of	 hypertension,	 but	

epidemiologic	 studies	 have	 inconsistently	

linked	 these	 observations.	 (…)	 These	 results	

suggest	that	high	fructose	intake,	in	the	form	

of	 added	 sugar,	 independently	 associates	

with	 higher	 BP	 levels	 among	 US	 adults	

without	a	history	of	hypertension.	
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HIGH	BLOOD	PRESSURE	
•  OBJECTIVE:	 To	 evaluate	 whether	 sugar-sweetened	

beverage	 consumption,	 a	 significant	 source	 of	 dietary	

fructose,	 is	 associated	 with	 higher	 serum	 uric	 acid	 levels	

and	blood	pressure	in	adolescents.	

•  CONCLUSIONS:	 These	 results	 from	 a	 nationally	

representative	 sample	 of	 US	 adolescents	 indicate	 that	

higher	 sugar-sweetened	 beverage	 consumption	 is	

associated	 with	 higher	 serum	 uric	 acid	 levels	 and	 systolic	

blood	pressure.	

FRUCTOSE	DAMAGE	
Dr	Georges	MOUTON	

October	2010	

University	of	California	

San	Francisco	



HIGH	BLOOD	PRESSURE	
•  Recent	clinical	studies	found	that	fructose	
intake	 leads	 to	 insulin	 resistance	 and	

hypertension.	 Fructose	 consumption	

promotes	 protein	 fructosylation	 and	

formation	of	superoxide.	Caffeine	displays	

significant	antioxidant	ability	in	protecting	

membranes	against	oxidative	damage	and	

can	lower	the	risk	of	insulin	resistance.	
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HYPERURICEMIA	
•  At	 baseline,	 15,745	 patients	 in	 the	

Atherosclerosis	 Risk	 in	 Communities	 Study	

completed	 a	 dietary	 questionnaire	 and	 had	

measurements	of	 their	 serum	creatinine	and	

uric	 acid.	 After	 3	 and	 9	 years	 of	 follow-up.		

Compared	 to	 participants	 who	 drank	 less,	

consumption	 of	 over	 one	 soda	 per	 day	 was	

associated	 with	 increased	 odds	 of	 prevalent	

hyperuricemia	and	chronic	kidney	disease.	
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HYPERURICEMIA	
•  These	data	provide	the	first	evidence	that	
uric	 acid	 may	 be	 a	 cause	 of	 metabolic	

syndrome,	 possibly	 due	 to	 its	 ability	 to	

inhibit	endothelial	 function.	Fructose	may	

have	 a	 major	 role	 in	 the	 epidemic	 of	

metabolic	syndrome	and	obesity	due	to	its	

ability	to	raise	uric	acid.	
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•  From	 ancient	 times,	 gout	 has	 been	 related	 with	

excessive	 eating	 and	 drinking;	 however,	 it	 has	 not	

been	until	 the	 last	decade	 that	a	broader	knowledge	

on	dietary	factors	associated	with	hyperuricemia	and	

gout	has	been	achieved.	Obesity,	 excessive	 intake	of	

red	 meats	 and	 alcoholic	 beverages	 were	 already	

recognized	as	causal	factors	from	Antiquity.	 	New	risk	

factors,	 not	 previously	 recognized,	 have	 been	

described	such	as	fructose	and	sweetened	beverages.	
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METABOLIC	SYNDROME	
•  BACKGROUND:	Excessive	fructose	intake	causes	

metabolic	syndrome	in	animals.	We	tested	the	

hypothesis	that	 fructose	might	 induce	features	

of	metabolic	syndrome	in	adult	men		

•  CONCLUSIONS:	High	doses	of	fructose	raise	the	
BP	 and	 cause	 the	 features	 of	 metabolic	

syndrome.	 Excessive	 intake	 of	 fructose	 may	

have	a	role	in	the	current	epidemics	of	obesity	

and	diabetes.	
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HYPERTRIGLYCERIDEMIA	
•  Both	male	and	female	rats	with	access	to	

high	 fructose	 corn	 syrup	 (HFCS)	 gained	

significantly	 more	 body	 weight	 than	

control	 groups.	 This	 increase	 in	 body	

weight	 with	 HFCS	 was	 accompanied	 by	

an	increase	in	adipose	fat,	notably	in	the	

abdominal	 region,	 and	 elevated	

circulating	triglyceride	levels.	
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DE	NOVO	LIPOGENESIS	
•  Studies	 in	 animals	 have	 documented	 that,	

compared	 with	 glucose,	 dietary	 fructose	

induces	 dyslipidemia	 and	 insulin	 resistance.	

These	 data	 suggest	 that	 dietary	 fructose	

specifically	 increases	 hepatic	 de	 novo	

l ipogenesis ,	 promotes	 dys l ip idemia,	

decreases	 insulin	 sensitivity,	 and	 increases	

visceral	adiposity	in	overweight/obese	adults.	

FRUCTOSE	DAMAGE	
Dr	Georges	MOUTON	

October	2010	

University	of	California	
Davis	





INCREASED	ADIPOSITY	
•  RESULTS:	Among	children	who	were	initially	

either	at	risk	for	overweight	or	overweight,	

increased	 fruit	 juice	 intake	 was	 associated	

with	excess	adiposity	gain.		

•  CONCLUSION:	 This	 study	 supports	 the	
Institute	 of	 Medicine	 recommendations	 to	

reduce	 fruit	 juice	 intake	 as	 a	 strategy	 for	

overweight	prevention	in	high-risk	children.	
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LOWER	INSULIN	SENSITIVITY	

•  OBJECTIVE:	 The	 aim	 was	 to	 assess	 the	

effects	 of	 fructose,	 a	 potent	 stimulator	 of	

hepatic	 de	 novo	 lipogenesis	 in	 healthy	

offspring	of	patients	with	type	2	diabetes.	

•  CONCLUSIONS:	 A	 7-d	 high-fructose	 diet	
increased	 ectopic	 lipid	 deposition	 in	 liver	

and	muscle	and	fasting	VLDL-triacylglycerols	

and	decreased	hepatic	insulin	sensitivity.	
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FATTY	LIVER	DISEASE	
•  BACKGROUND:	 While	 the	 rise	 in	 non-alcoholic	 fatty	

liver	 disease	 (NAFLD)	 parallels	 the	 increase	 in	 obesity	

and	diabetes,	 a	 significant	 increase	 in	 dietary	 fructose	

consumption	in	industrialized	countries	has	occurred.		

•  RESULTS:	 Consumption	 of	 fructose	 in	 patients	 with	

NAFLD	was	nearly	2-	to	3-fold	higher	than	controls.	

•  CONCLUSIONS:	 The	 pathogenic	mechanism	 underlying	

the	 development	 of	 non-alcoholic	 fatty	 liver	 disease	

(NAFLD)	 may	 be	 associated	 with	 excessive	 dietary	

fructose	consumption.	
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FATTY	LIVER	DISEASE	
•  Non-alcoholic	 fatty	 liver	 disease	 (NAFLD)	 is	

the	 most	 frequent	 liver	 disease	 worldwide,	

and	 is	 commonly	 associated	 with	 the	

metabolic	 syndrome.	 We	 postulate	 that	

excessive	 dietary	 fructose	 consumption	 may	

underlie	 the	 development	 of	NAFLD	 and	 the	

metabolic	 syndrome.	 Furthermore,	 we	

postulate	that	NAFLD	and	alcoholic	fatty	liver	

disease	share	the	same	pathogenesis.	
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METABOLIC	SYNDROME	
•  RECENT	 FINDINGS:	 Recent	 animal	 studies	 have	 confirmed	

the	 link	 between	 fructose	 feeding	 and	 increased	 plasma	

uric	 acid,	 a	 potentially	 causative	 factor	 in	 metabolic	

syndrome.	 Human	 studies	 have	 demonstrated	 fructose's	

ability	 to	 change	 metabolic	 hormonal	 response,	 possibly	

contributing	to	decreased	satiety.	

•  SUMMARY:	 There	 is	 much	 evidence	 from	 both	 animal	

models	 and	 human	 studies	 supporting	 the	 notion	 that	

fructose	is	a	highly	lipogenic	nutrient	that,	when	consumed	

in	 high	 quantities,	 contributes	 to	 the	 development	 of	 a	

prediabetic	state.	
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METABOLIC	SYNDROME	
•  We	 conclude	 that	 endogenous	

f r u c t o s e	 g e n e r a t i o n	 a n d	

metabolism	 in	 the	 liver	 represents	

an	 important	 mechanism	 by	 which	

glucose	promotes	 the	development	

of	metabolic	syndrome.	
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METABOLIC	SYNDROME	

• We	 demonstrate	 that	 fructose/

glucose-fed	females	experience	a	

twofold	 increase	 in	 mortality	

while	fructose/glucose-fed	males	

control	26%	fewer	territories	and	

produce	25%	less	offspring.	
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METABOLIC	SYNDROME	
•  Clinical	 defects	 of	 fructose/
glucose-fed	mice	were	decreased	
glucose	 clearance	 and	 increased	
fasting	 cholesterol.	 Our	 data	
highlight	 that	 physiological	
adversity	 can	 exist	when	 clinical	
disruptions	are	minor.	
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•  We	 pursued	 studies	 to	 determine	 the	 effects	 of	 the	

metabolic	 syndrome	 on	 brain,	 and	 the	 possibility	 of	

modulating	these	effects	by	dietary	interventions.	We	

report	 that	 high-dietary	 fructose	 consumption	 leads	

to	an	 increase	 in	 insulin	 resistance	 index,	and	 insulin	

and	 triglyceride	 levels,	 which	 characterize	 metabolic	

syndrome.	 Rats	 fed	 on	 an	 n-3	 deficient	 diet	 showed	

memory	deficits	in	a	Barnes	maze,	which	were	further	

exacerbated	by	fructose	intake.	

IMPAIRED	COGNITION	
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FOOD	INTAKE	DYSREGULATION	
•  RESULTS:	Blood	oxygenation	level	dependent	

signal	 in	 the	 cortical	 control	 areas	 increased	

during	 glucose	 infusion	 (p	 =	 0.002),	

corresponding	with	increased	plasma	glucose	

and	 insulin	 levels.	 In	 contrast,	 blood	

oxygenation	 level	 dependent	 s ignal	

decreased	in	the	cortical	control	areas	during	

fructose	 infusion	 (p	 =	 0.006),	 corresponding	

with	increases	of	plasma	fructose	and	lactate.		
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•  CONCLUSION:	 In	 normal	 weight	 humans,	

cortical	 responses	 as	 assessed	 by	 blood	

oxygenation	 level	 dependent	 MRI	 to	 infused	

glucose	 are	 opposite	 to	 those	 of	 fructose.	

Differential	brain	responses	to	these	sugars	and	

their	metabolites	may	provide	 insight	 into	 the	

neurologic	 basis	 for	 dysregulation	 of	 food	

intake	during	high	dietary	fructose	intake.		
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Fructose ingestion produces 
smaller increases in circulating 
satiety hormones compared with 
glucose ingestion, and central 
a d m i n i s t r a t i o n o f f r u c t o s e 
provokes feeding in rodents, 
whereas centrally administered 
glucose promotes satiety. 

FOOD	INTAKE	DYSREGULATION	





SUMMARY	
FRUCTOSE	DAMAGE	

Dr	Georges	MOUTON	

September	2012	

University	of	California	
San	Francisco	

•  Importantly,	 sugar	 induces	 all	 of	 the	
diseases	 associated	 with	 metabolic	
syndrome.	 This	 includes:	 hypertension	
(fructose	 increases	 uric	 acid,	 which	
r a i s e s	 b l o od	 p r e s s u r e ) ;	 h i g h	
triglycerides	 and	 insulin	 resistance	
through	 synthesis	 of	 fat	 in	 the	 liver;	
diabetes	 and	 the	 ageing	 process,	
caused	 by	 damage	 to	 lipids,	 proteins	
and	 DNA	 through	 non-enzymatic	
binding	of	fructose	to	these	molecules.	
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