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Excessive dietary fructose intake is strongly associated with an increased
prevalence of metabolic disorders, including obesity, type 2 diabetes,
cardiovascular diseases, autoimmune conditions, and various cancers. The
global rise in metabolic disorders, notably in Iran, underscores the growing
burden of these diseases. This review was conducted through an extensive
search in databases and motor search engines, such as Google Scholar,
PubMed, Science Direct, and Research Gate, using keywords pertinent to
the subject, including fructose, metabolic diseases, high-fructose corn syrup,
zonulin, and microbiome, from 1979 to 2025. Recent studies indicated that
low-dose fructose is primarily metabolized in the small intestine, whereas
excessive consumption leads to the overflow of fructose into the liver for
metabolism. A high-fructose diet can increase intestinal permeability and
circulating endotoxins by elevating zonulin levels, which disrupts tight
junction proteins in the intestinal epithelium and alters gut microbiota
composition. These alterations, driven by increased bacterial endotoxins and
subsequent inflammation in the liver and peripheral tissues, can suppress
insulin signaling, leading to insulin resistance and the development of
diverse metabolic disorders. Elevated levels of zonulin is also significantly
correlated with metabolic disease pathogenesis. Therefore, minimizing the
consumption of fructose-sweetened beverages and foods is a crucial lifestyle
factor for the prevention of metabolic diseases.
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15. Precursors of lipogenesis

16. Pathological consequences

17. High Fructose Corn Syrup

18. SSB: sugar-sweetened beverages

19. Food products

20. High Fructose Corn Syrup — 55 percent
21. Sodas

22. Fruit-flavored drinks

23. Sport drinks
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1. Saccharose

2. Disaccharide

3. Glucose and fructose

4. Millimolar

5. Insulin

6. Fructokinase enzyme

7. Fructose 1-phosphate

8. Phosphorylated

9. Aldolase B

10. Dihydroxyacetone phosphate

11. Glyceraldehyde

12. Gluconeogenesis/ glycolysis

13. Lipogenic

14. Acetyl-CoA
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32. Type 2 diabetes

33. Obesity

34. Cardiovascular diseases
35. Respiratory diseases
36. Renal diseases

37. Disorders of gut—brain- microbiota
38. Parkinson’s

39. Alzheimer’s

40. Depression

41. Autism

42. Brain tumors

43. Monosaccharide

44, Hexose

45, Isomer

46. Fructokinase

47. Ketohexokinase
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51. High Fructose Corn Syrup
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54. Small intestine
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61. Galactose

62. Cytosol

63. De novo lipogenesis
64. Jang
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76. Firmicutes
77. Bacteroidetes
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73. Nitric oxide
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80. Oncogenes

81. Colorectal
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83. Enterobacteriaceae family
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85. Coronary Artery Disease

‘f’f Q&M} 9 }Q-jlg 6f O)w 3 W 0)’6

1.8



Silglie (slacsloss 90 55 595558 il

8,5 aloil aan d a4 BUES ES,G (g9, 45
Loyd Coypi b o8 aslingd Bruan a5 ol ools lis
sty JB Gy Gl g Sl pamie Al 59558
WL Cras zmls L alie as 0y0,5 o8l ol o
GYeer o Jlo a5 5l asllas G 4o (FA) o9
3O Egus ymo a5 Ol i (28,5 oy yo ], VO]
(F) ol adly il Slslie lag)lon a2lS
Sonis a5 0l ool lis (6500 dslllas o pioren
a0 (G0l 0)8 9 8, ailinoe dilaie 10 laglows oyl
o3l odl sl mhans b g 05 VL sezes BB oo
5 Sdgulio sl iolidl (wdly jo (00) <l oo
Bras b lasiye (gob) 0gu> U Wlgs so Sile>
w2l b Jgere (A& 025 50 j9359)8 > 5l e
ol oals JuSis VL 65 ) ] SiesST lae
3B g oz o i 0 (5y3l,8 slalis Boec 45
Oz el 5o Gl e SRBIL ‘:J¢5| Lol
oy 5 Bl e ) Sglomana] aslys
@ ligdss )l azed B s .l 00,5 Coles
9 48l pamdgalio o Bl o bl anS” Jlos
Bpuan y bl g0l Sldllas (BY) ol oy
Sl Sllas 2oli8l g oals (5y5],8 (slalde ol
el Cladllae (FY) wims oo lias 1) oly8l o L8
shie Gloe) oy St (Xaegh lawgd ol
Srede 395598 e laey 4 Cand oyzp
G Cytre Sl ausy e Hhas 4 a8 Jepo sl oo
2 35559,8 L"ﬁ*"-” 8 Olge 4y Jgl azps o SLS
Sldlas plodl ol anly sl Jgoxe olde oo,
Cothaol Dl Sl s alldS aes Wiz b o ele
55 M8 a8 jshailan (YF) ids oo cidhos s 39255,5
Oygeods o agdgl o cabadlol j9i55,8 il aiss
Spd Lyl b (9359y8 + 35615) 550wyl (g0
(Cld )0 el e 8L (S8l ¢ 59555,3) HFCS
Fable oo bwylllugioe S (lareds 15555,3
3y Slowiam 5Py 9 Jome ogan « HFCS o,SLo
L alasly 5o SUjglaneanl sloosls (QY) 0gi oo Loy
2588 55 Culid g9ut 45T dws oa A5 g Lo
Ve aiuS e oolaiwl oaisS s aicas HECS 5l as
oS (ayeds €95l 5l 45T (sleygdS ) Siden wops
Brae @idS Oladlae 0 08 oo Bras S
Moo YlosSi 5 (5055 )0 090l 5 aling iy
sibey (TA) conl 00s0)3 jaseie 5.5 NAFLD o
I3 355558 oyre 0 0SS Gl ool oS
s S Jsd Uy 35555,8 a8 ol (Lt gl iz S

B LgA,,.lf u,...a; as M)LSA )Jéj L FLR 6‘005)
aww (V) oS oo Wl (graeig5 o 0,Soc Lad>
Sl o 55 JLligad sl Jokos 5 s - sis
Oelesy aSloulilauS e las ae Sl (50,5 0 95 a5
LBBB"  JLLigusl oSore c¥lasl Wilss o (yuiomon
Odeiy yo LS aS 0l 0old Fauwd (pl (S pudais
OB 55e5L yo Cenl Ko 35 BBB L Laiys
poelS ous & (i slaygess ;S udsy (liSl bl
aS wioly lis Sladlas ol el oals ool LS
wlools las a2 g lesy iy Sladllas o
sloosiy S ol 4 o6 e JLbssl sla ol a5
elshy (oyre 3 BBB (28,5 8 a8 st ™ s
YF) 95,5 BBB (5,50u3085 inli8l 4 ovie Llgs e
C57BLIEN® el ige (g, anlllae S o (FY
el e WL 353508 b 38 oy S L g
59 ;n.;.]a.” Reerng QSLQ&AJ%JGMT )‘ oslaul ‘Lss)b
Goly 09 (SUgrgySe Bd b Cenlys Lo g (1o
(o KLY s.;jS).w ‘) wlSB.MQ (sas ul.e‘...”
S ) LS c03g; (SUgrgy S caSy5 50 S
)é Oy wMSyBAJ 6&[.: G.'a..u 9 005) ‘SJL».L.\J‘
oaslive 5o3 Wb 59259,8 L oadandss slaise o

(FF)aus,s

S

R @?)S oS e QL?L}.‘ as 695 e RN

(€
o1y 0ys ela il mlsssﬁ s lalde &9 o)
Coje G pomie g iy Gl leds slalaiss
Lugio o> 0 1 oS Brae (FO) wgd 5698 LSS

Oy slganndl a5y azgs BB (50 (900 9255,
Syl gie o]y ol g amoge il ) o (65,
Jrod Sy o3l gl ohg 4 wasils o GJLc
39559,8 w3l i GBras Jopll (FF) A;SGA
‘ L5§9)'c 6+1§ 6[&6)L¢.~f ‘LSSl} 4.{ )?L;A &‘95640

asdlas g.i.z B (fV) béjf LQQLEJ.»J 9 ‘555)9—6)’.5.0

89. Blood-Brain Barrier

90. Zonulin receptors
91. Mice black 6 or B6
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93. Nucleotide

94. Macrophages

95. kupfter cell

96. Toll like receptor-4
97. Microbiome dysbiosis

‘f’f Q&M} 9 }Q-jlg 6f O)w 3 W 0)’6

LA



Silglie (slacsloss 90 55 595558 il

M.u." QLA)Q

loyad g WSl

£5>‘)L’ 30 QIAS)L»:L.A v ‘51.5 Lmi)i. f”‘jt:‘, )‘

g oo 10,081 168 li8le 5 5l eolanal LY S

éé l&..o Ub ) la&'

.Q)L)._; 05?5 LS”él";'A slas 435?@'{.@

101. Corel Draw software

Chen Y, Lin H, Qin L, Lu Y, Zhao L, Xia
M, et al. Fasting serum fructose levels are
associated with risk of incident type 2 diabetes
in middle-aged and older Chinese population.
Diabetes Care. 2020;43(9):2217-25.
Francey C, Cros J, Rosset R, Creze C, Rey
V, Stefanoni N, et al. The extra-splanchnic
fructose escape after ingestion of a fructose-
glucose drink: an exploratory study in
healthy humans using a dual fructose isotope
method. Clin Nutr ESPEN. 2019;29:125-32.
Starling S. Sugar-sweetened beverages
decrease fat oxidation. Nat Rev Endocrinol.
2019;15(12):685.

Hannou SA, Haslam DE, McKeown
NM, Herman MA. Fructose metabolism
and metabolic disease. J Clin Invest.
2018;128(2):545-55.

Emerson H, Larimore LD. Diabetes mellitus:
a contribution to its epidemiology based
chiefly on mortality statistics. Arch Intern
Med. 1924;34(5):585-630.

Johnson RJ, Sanchez-Lozada LG, Andrews
P, Lanaspa MA. Perspective: a historical
and scientific perspective of sugar and its
relation with obesity and diabetes. Adv Nutr.
2017;8(3):412-22.

Hauri HP, Quaroni A, Isselbacher KJ.
Biogenesis of intestinal plasma membrane:
posttranslational route and cleavage of
sucrase-isomaltase. Proc Natl Acad Sci U
S A. 1979;76(10):5183-6.

Kit BK, Fakhouri TH, Park S, Nielsen
SJ, Ogden CL. Trends in sugar-sweetened
beverage consumption among youth and
adults in the United States: 1999-2010. Am

6‘)9 POy Lé&‘i;..o ‘&lehﬁ 9 "Q-JL-A-A-’ GJ‘A.C 0‘9.0 s.éj.«A.o

LS.A.AJL-, A_iﬁ..lsgl.l.o SN - )5LA GLQJ.AL:..; L3 d.l.gl..&.a

L_é).»AA pas L.’. meS .A.\f:[g g}l.]a.nl.l LSAL)..C- ob.o )|

Olgieds 59255,3 L oalds yyuds slalds ¢ Lo iosdigs

6oL sl a3l (S5 S ;0 diadjad HguS18

o‘) Ay Cnnnnd 6;34.5;..94.3 Ogj.s..n J:> o‘) 43‘9.36.0 as

o (YY) ‘.\.I;}l.g 635)\.) QLA)Q Qsle )i.}.o LsL(bJ.>

52 d..z.is L} Sy9s° azlllao u)‘ 49 Lo UZ“" M-QJ-A}

3 e GaKiins oylgen 45T Cowl diey)l ISy

10.

11.

12.

13.

14.

15.

16.

17.

J Clin Nutr. 2013;98(1):180-8.

DeSalvo KB, Olson R, Casavale KO.
Dietary guidelines for Americans. JAMA.
2016;315(5):457-8.

Ouyang X, Cirillo P, Sautin Y, McCall S,
Bruchette JL, Diehl AM, et al. Fructose
consumption as a risk factor for non-
alcoholic fatty liver disease. J Hepatol.
2008;48(6):993-9.

Das UN. Sucrose, fructose, glucose, and
their link to metabolic syndrome and cancer.
Nutrition. 2015;31(1):249-57.

Fasano A. Zonulin and its regulation of
intestinal barrier function: the biological
door to inflammation, autoimmunity, and
cancer. Physiol Rev. 2011;91(1):151-75.

Qi X, Tester RF. Fructose, galactose and
glucose—in health and disease. Clin Nutr
ESPEN. 2019;33:18-28.

Geidl-Flueck B, Gerber PA. Insights into the
hexose liver metabolism—glucose versus
fructose. Nutrients. 2017;9(9):1026.

Bray GA, Nielsen SJ, Popkin BM.
Consumption of high-fructose corn syrup in
beverages may play a role in the epidemic of
obesity. Am J Clin Nutr. 2004;79(4):537-43.
Malik VS, Popkin BM, Bray GA, Despres
JP, Hu FB. Sugar-sweetened beverages,
obesity, type 2 diabetes mellitus, and
cardiovascular disease risk. Circulation.
2010;121(11):1356-64.

Ma J, McKeown NM, Hwang SJ, Hoffmann
U, Jacques PF, Fox CS. Sugar-sweetened
beverage consumption is associated with
change of visceral adipose tissue over 6 years
of follow-up. Circulation. 2016;133(4):370-7.

144

VFoF by 9 30l ¢F o 5loii 1V 0,90



er 5 (5

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Campos VC, Tappy L. Physiological
handling of dietary fructose-containing
sugars: implications for health. Int J Obes
(Lond). 2016;40 Suppl 1:S6-11.

Gerbe F, van Es JH, Makrini L, Brulin B,
Mellitzer G, Robine S, et al. Distinct ATOH1
and Neurog3 requirements define tuft cells
as anew secretory cell type in the intestinal
epithelium. J Cell Biol. 2011;192(5):767-80.
Malmberg EK, Pelaseyed T, Petersson AC,
Seidler UE, De Jonge H, Riordan JR, et al.
The C-terminus of the transmembrane mucin
MUCI17 binds to the scaffold protein PDZK1
that stably localizes it to the enterocyte apical
membrane in the small intestine. Biochem
J. 2008;410(2):283-9.

Mueckler M, Thorens B. The SLC2 (GLUT)
family of membrane transporters. Mol
Aspects Med. 2013;34(2-3):121-38.

Guney C, Bal NB, Akar F. The impact
of dietary fructose on gut permeability,
microbiota, abdominal adiposity, insulin
signaling and reproductive function. Heliyon.
2023;9(8):e18896.

Truswell AS, Seach JM, Thorburn AW.
Incomplete absorption of pure fructose in
healthy subjects and the facilitating effect of
glucose. Am J Clin Nutr. 1988;48(6):1424-30.
Jang C, Hui S, Lu W, Cowan AJ, Morscher
RJ, Lee G, et al. The small intestine converts
dietary fructose into glucose and organic
acids. Cell Metab. 2018;27(2):351-61.
Diggle CP, Shires M, Leitch D, Brooke D,
Carr IM, Markham AF, et al. Ketohexokinase:
expression and localization of the principal
fructose-metabolizing enzyme. J Histochem
Cytochem. 2009;57(8):763-74.
Veres-Szekely A, Szasz C, Pap D, Szebeni B,
Bokrossy P, Vannay A. Zonulin as a potential
therapeutic target in microbiota-gut-brain axis
disorders: encouraging results and emerging
questions. Int J Mol Sci. 2023;24(8):7548.
Staltner R, Burger K, Baumann A, Bergheim
I. Fructose: a modulator of intestinal barrier
function and hepatic health? Eur J Nutr.
2023;62(8):3113-24.

Sturgeon C, Fasano A. Zonulin, a regulator of
epithelial and endothelial barrier functions,
and its involvement in chronic inflammatory
diseases. Tissue Barriers. 2016;4(4):¢1251384.
V, Ferraris RP. The role of fructose
transporters in diseases linked to excessive
fructose intake. J Physiol. 2013;591(2):401-14.

30

31.

32.

33.

34.

35.

36.

37.

38.

30.

40.

. Camara-Lemarroy CR, Silva C, Greenfield
J, Liu WQ, Metz LM, Yong VW. Biomarkers
of intestinal barrier function in multiple
sclerosis are associated with disease activity.
Mult Scler. 2020;26(11):1340-50.

Carratu R, Secondulfo M, de Magistris
L, Iafusco D, Urio A, Carbone MG, et al.
Altered intestinal permeability to mannitol
in diabetes mellitus type 1. J Pediatr
Gastroenterol Nutr. 1999;28(3):264-9.
Nakagawa T, Lanaspa MA, Millan IS, Fini
M, Rivard CJ, Sanchez-Lozada LG, et al.
Fructose contributes to the Warburg effect
for cancer growth. Cancer Metab. 2020;8:16.
Haluszka D, Lorincz K, Kiss N, Szipocs R,
Kuroli E, Gyongyosi N, et al. Diet-induced
obesity skin changes monitored by in vivo
SHG and ex vivo CARS microscopy. Biomed
Opt Express. 2016;7(11):4480-9.

Softic S, Gupta MK, Wang GX, Fujisaka
S, O’Neill BT, Rao TN, et al. Divergent
effects of glucose and fructose on hepatic
lipogenesis and insulin signaling. J Clin
Invest. 2017;127(11):4059-74.

Balakumar M, Raji L, Prabhu D,
Sathishkumar C, Prabu P, Mohan V, et al.
High-fructose diet is as detrimental as high-
fat diet in the induction of insulin resistance
and diabetes mediated by hepatic/pancreatic
endoplasmic reticulum (ER) stress. Mol Cell
Biochem. 2016;423(1-2):93-104.

Lim JS, Mietus-Snyder M, Valente A,
Schwarz JM, Lustig RH. The role of fructose
in the pathogenesis of NAFLD and the
metabolic syndrome. Nat Rev Gastroenterol
Hepatol. 2010;7(5):251-64.

Fowle-Grider R, Rowles JL, Shen I, Wang
Y, Schwaiger-Haber M, Dunham AlJ, et al.
Dietary fructose enhances tumour growth
indirectly via interorgan lipid transfer.
Nature. 2024;636(8043):737-44.

Chen X, Yang M, Wang L, Tu J, Yuan X.
Fructose metabolism in cancer: molecular
mechanisms and therapeutic implications.
Int J Med Sci. 2025;22(11):2852-76.

Currie CJ, Poole CD, Jenkins-Jones S, Gale
EA, Johnson JA, Morgan CL. Mortality after
incident cancer in people with and without
type 2 diabetes: impact of metformin on
survival. Diabetes Care. 2012;35(2):299-304.
Genkinger JM, Spiegelman D, Anderson KE,
Bernstein L, van den Brandt PA, Calle EE, et
al. A pooled analysis of 14 cohort studies of

‘f’f Q&M} 9 }Q-jlg 6f O)w 3 W 0)56

A\



Silglie (slacsloss 90 55 595558 il

41.

42.

43.

44,

45.

46.

47.

anthropometric factors and pancreatic cancer
risk. Int J Cancer. 2011;129(7):1708-17.
Hwang IS, Huang WC, Wu JN, Shian LR,
Reaven GM. Effect of fructose-induced
hypertension on the renin-angiotensin-
aldosterone system and atrial natriuretic
factor. Am J Hypertens. 1989;2(6 Pt 1):424-7.
Cryan JF, O’Riordan KJ, Cowan CSM,
Sandhu KV, Bastiaanssen TFS, Boehme M,
et al. The microbiota-gut-brain axis. Physiol
Rev. 2019;99(4):1877-2013.

Fasano A. All disease begins in the
(leaky) gut: role of zonulin-mediated gut
permeability in the pathogenesis of some
chronic inflammatory diseases. FI000Res.
2 as: F1000 Faculty Rev-69.

LiJM, YuR, Zhang LP, Wen SY, Wang SJ,
Zhang XY, et al. Dietary fructose-induced
gut dysbiosis promotes mouse hippocampal
neuroinflammation: a benefit of short-chain
fatty acids. Microbiome. 2019;7(1):98.
Johnson RIJ, Stenvinkel P, Andrews P,
Sanchez-Lozada LG, Nakagawa T, Gaucher
E, et al. Fructose metabolism as a common
evolutionary pathway of survival associated
with climate change, food shortage and
droughts. J Intern Med. 2020;287(3):252-62.
Righetti S, Medoro A, Graziano F, Mondazzi
L, Martegani S, Chiappero F, et al. Effects
of maltodextrin-fructose supplementation
on inflammatory biomarkers and lipidomic
profile following endurance running: a
randomized placebo-controlled cross-over
trial. Nutrients. 2024;16(18):3078.

Rippe JM, Angelopoulos TJ. Fructose-
containing sugars and cardiovascular

48.

49.

50.

51.

52.

53.

54.

55.

disease. Adv Nutr. 2015;6(4):430-9.

Tordoff MG, Alleva AM. Effect of drinking
soda sweetened with aspartame or high-
fructose corn syrup on food intake and body
weight. Am J Clin Nutr. 1990;51(6):963-9.
Chew NW, Ng CH, Tan DJH, Kong G, Lin
C, Chin YH, et al. The global burden of
metabolic disease: data from 2000 to 2019.
Cell Metab. 2023;35(3):414-28.

Noubiap JJ, Nansseu JR, Lontchi-Yimagou
E, Nkeck JR, Nyaga UF, Ngouo AT, et
al. Geographic distribution of metabolic
syndrome and its components in the general
adult population: a meta-analysis of global
data from 28 million individuals. Diabetes
Res Clin Pract. 2022;188:109924.

Leitner BP, Siebel S, Akingbesote ND, Zhang
X, Perry RJ. Insulin and cancer: a tangled
web. Biochem J. 2022;479(5):583-607.
Ferraris RP, Choe JY, Patel CR. Intestinal
absorption of fructose. Annu Rev Nutr.
2018;38:41-67.

Chavez-Rodriguez L, Escobedo-Calvario
A, Jendrossek V, Matschke J, Busch M,
Diinker N, et al. Fructose induces metabolic
reprogramming in liver cancer cells,
promoting aggressiveness and chemotherapy
resistance. Explor Dig Dis. 2025;4:100572.
Galderisi A, Giannini C, Van Name M, Caprio
S. Fructose consumption contributes to
hyperinsulinemia in adolescents with obesity
through a GLP-1-mediated mechanism. J
Clin Endocrinol Metab. 2019;104(8):3481-90.
Fan Y, Pedersen O. Gut microbiota in human
metabolic health and disease. Nat Rev
Microbiol. 2021;19(1):55-71.

N

VFoF by 9 30l ¢F o 5loii 1V 0,90



