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Zusammenfassung


Die Aufnahme von Fruktose ist in vielen industrialisierten Ländern weltweit in den letzten Jahrzehnten stark angestiegen. Dies resultiert u. a. aus einer zunehmenden Verwendung des reinen Monosaccharids oder des sog. „High Fructose Corn Syrup“ (HFCS, Maissirup oder auch Fruktose-Glukose-Sirup) als Süßungsmittel. Neben Problemen für Patienten mit einer angeborenen oder erworbenen Fruktosemalabsorption sowie der seltenen, genetisch bedingten hereditären Fruktoseintoleranz, wird die vermehrte industrielle Verwendung und die damit einhergehende vermehrte Aufnahme von Fruktose über die Nahrung als ein Risikofaktor in der Entstehung von Übergewicht und damit assoziierten metabolischen Erkrankungen wie der arteriellen Hypertonie, Insulinresistenz, Dyslipidämie aber auch der nicht alkoholischen Fettlebererkrankung diskutiert. Die molekularen Mechanismen, die zu diesen Erkrankungen führen sowie die Rolle der Aufnahme von Fruktose hierbei, sind jedoch bislang nicht vollständig geklärt. In dem vorliegenden Artikel werden aktuelle Erkenntnisse zur Fruktosemalabsorption, der hereditären Fruktoseintoleranz sowie Ergebnisse von klinischen Studien zur Fruktoseaufnahme und deren Assoziation mit der Entstehung übergewichtsassoziierter Erkrankungen zusammengefasst dargestellt.
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Abstract


During the last decades fructose intake has markedly increased in many industrialized countries worldwide as the use of the pure monosaccharide but also that of the so called high fructose corn syrup (HFCS, corn syrup or fructose-glucose-syrup) as sweetener has increased. Besides problems for patients suffering from an inborn or an acquired fructose malabsorption as well as patients suffering from the genetically determined hereditary fructose intolerance, the increased industrial usage and subsequently intake of fructose is discussed as a potential risk factor for the development of overweight and related metabolic diseases including arterial hypertension, insulin resistance, dyslipidemia and non-alcoholic fatty liver disease. However, despite intense research efforts the underlying molecular mechanisms leading to overweight-associated diseases and in particular the role of fructose consumption are not yet fully understood. In the presented review article, recent data on fructose malabsorption, fructose intolerance as well as results from clinical trials investigating the association of fructose intake and the development of obesity and related metabolic diseases are summarized.

      



[bookmark: N10E09]
Schlüsselwörter

Fruktose - 
Fruktosemalabsorption - 
Fruktoseintoleranz - 
metabolisches Syndrom - 
nicht alkoholische Fettlebererkrankung
      



[bookmark: N10E1F]
Keywords

fructose - 
fructose malabsorption - 
fructose intolerance - 
metabolic syndrome - 
non-alcoholic fatty liver disease
      


 

[bookmark: ]

[bookmark: N116AC]
	
Literatur


	
[bookmark: BR038-1]1 Bundesinstitut für Risikobewertung. Erhöhte Aufnahme von Fruktose ist für Diabetiker nicht empfehlenswert. 2009. Im Internet: http://www.bfr.bund.de/cm/343/erhoehte_aufnahme_von_fruktose_ist_fuer_diabetiker_nicht_empfehlenswert.pdf (Stand: 10.3.2016) 





Google Scholar





	
[bookmark: JR038-2]2 Hallfrisch J, Ellwood KC, Michaelis OE et al. Effects of dietary fructose on plasma glucose and hormone responses in normal and hyperinsulinemic men. J Nutr 1983; 113: 1819-1826 





PubMedGoogle Scholar





	
[bookmark: JR038-3]3 Reiser S, Smith Jr JC, Mertz W et al. Indices of copper status in humans consuming a typical American diet containing either fructose or starch. Am J Clin Nutr 1985; 42: 242-251 





PubMedGoogle Scholar





	
[bookmark: JR038-4]4 Gibson PR, Newnham E, Barrett JS et al. Review article: fructose malabsorption and the bigger picture. Aliment Pharmacol Ther 2007; 25: 349-363 





PubMedGoogle Scholar





	
[bookmark: BR038-5]5 Zeek A, Fischer SC, Grond S et al. Chemie für Mediziner. 6. Aufl. München, Jena: Urban & Fischer; 2005 





Google Scholar





	
[bookmark: BR038-6]6 Souci SW, Fachmann W, Kraut H. Der kleine Souci Fachmann Kraut: Lebensmitteltabelle für die Praxis. 3. Aufl. Stuttgart: Wissenschaftliche Verlagsgesellschaft; 2004 





Google Scholar





	
[bookmark: BR038-7]7 Souci SW, Fachmann W, Kraut H. Die Zusammensetzung der Lebensmittel – Nährwert-Tabellen. 7. Aufl. Stuttgart: Wissenschaftliche Verlagsgesellschaft; 2008 





Google Scholar





	
[bookmark: JR038-8]8 White JS. Straight talk about high-fructose corn syrup: what it is and what it ain’t. Am J Clin Nutr 2008; 88: 1716S-1721S 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-9]9 Marriott BP, Cole N, Lee E. National estimates of dietary fructose intake increased from 1977 to 2004 in the United States. J Nutr 2009; 139: 1228S-1235S 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR038-10]10 Belitz H-D, Grosch W, Schieberle P. Lehrbuch der Lebensmittelchemie. 5. Aufl. Berlin, Heidelberg, New York: Springer Verlag; 2001 





CrossrefGoogle Scholar





	
[bookmark: JR038-11]11 Hanover LM, White JS. Manufacturing, composition, and applications of fructose. Am J Clin Nutr 1993; 58: 724S-732S 





PubMedGoogle Scholar





	
[bookmark: JR038-12]12 Duffey KJ, Popkin BM. High-fructose corn syrup: is this what’s for dinner?. Am J Clin Nutr 2008; 88: 1722S-1732S 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR038-13]13 U.S. Department of Agriculture. High fructose corn syrup: estimated number of per capita calories consumed daily, by calendar year. 2015. Im Internet: http://www.ers.usda.gov/data-products/sugar-and-sweeteners-yearbook-tables.aspx#25512 (Stand: 10.3.2016) 





Google Scholar





	
[bookmark: JR038-14]14 Goran MI, Ulijaszek SJ, Ventura EE. High fructose corn syrup and diabetes prevalence: a global perspective. Glob public health 2013; 8: 55-64 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR038-15]15 Bundesministeriums der Justiz und für Verbraucherschutz. Verordnung über einige zur menschlichen Ernährung bestimmte Zuckerarten (Zuckerartenverordnung). 2006. Im Internet: http://www.gesetze-im-internet.de/bundesrecht/zuckartv_2003/gesamt.pdf (Stand: 10.3.2016) 





Google Scholar





	
[bookmark: JR038-16]16 Zimmer Y. Isoglucose-How significant is the threat to the EU sugar industry?. Sugar Industry 2013; 138: 770-777 





PubMedGoogle Scholar





	
[bookmark: JR038-17]17 Brombach C, Wagner U, Eisinger-Watzl M et al. Die Nationale Verzehrsstudie II. ErnUm 2006; 53: 4-9 





PubMedGoogle Scholar





	
[bookmark: JR038-18]18 Volynets V, Kuper MA, Strahl S et al. Nutrition, intestinal permeability, and blood ethanol levels are altered in patients with nonalcoholic fatty liver disease (NAFLD). Dig Dis Sci 2012; 57: 1932-1941 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-19]19 Jones HF, Butler RN, Brooks DA. Intestinal fructose transport and malabsorption in humans. Am J Physiol Gastrointest Liver Physiol 2011; 300: G202-G206 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-20]20 Havel PJ. Dietary fructose: implications for dysregulation of energy homeostasis and lipid/carbohydrate metabolism. Nutr rev 2005; 63: 133-157 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-21]21 Schäfer C. Fruktose: Malabsorption oder Intoleranz. Strategien für die Ernährungstherapie. ErnUm 2009; 12: 694-700 





PubMedGoogle Scholar





	
[bookmark: JR038-22]22 Riby JE, Fujisawa T, Kretchmer N. Fructose absorption. Am J Clin Nutr 1993; 58: 748S-753S 





PubMedGoogle Scholar





	
[bookmark: JR038-23]23 Putkonen L, Yao CK, Gibson PR. Fructose malabsorption syndrome. Curr Opin Clin Nutri Metab Care 2013; 16: 473-477 





PubMedGoogle Scholar





	
[bookmark: JR038-24]24 Elliott SS, Keim NL, Stern JS et al. Fructose, weight gain, and the insulin resistance syndrome. Am J Clin Nutr 2002; 76: 911-922 





PubMedGoogle Scholar





	
[bookmark: JR038-25]25 Nakagawa T, Tuttle KR, Short RA et al. Hypothesis: fructose-induced hyperuricemia as a causal mechanism for the epidemic of the metabolic syndrome. Nat Clin Pract Nephrol 2005; 1: 80-86 





PubMedGoogle Scholar





	
[bookmark: JR038-26]26 Bode C, Bode JC, Ohta W et al. Adaptive changes of the activity of enzymes involved in fructose metabolism in the liver and jejunal mucosa of rats following fructose feeding. Res Exp Med 1980; 178: 55-63 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-27]27 Frenette G, Thabet M, Sullivan R. Polyol pathway in human epididymis and semen. J Androl 2006; 27: 233-239 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-28]28 Ng M, Fleming T, Robinson M et al. Global, regional, and national prevalence of overweight and obesity in children and adults during 1980–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 2014; 384: 766-781 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-29]29 Carnethon MR, Loria CM, Hill JO et al. Risk Factors for the Metabolic Syndrome The Coronary Artery Risk Development in Young Adults (CARDIA) study, 1985-2001. Diabetes Care 2004; 27: 2707-2715 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-30]30 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: 963-969 





PubMedGoogle Scholar





	
[bookmark: JR038-31]31 Aeberli I, Hochuli M, Gerber PA et al. Moderate amounts of fructose consumption impair insulin sensitivity in healthy young men: a randomized controlled trial. Diabetes Care 2013; 36: 150-156 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-32]32 Johnston RD, Stephenson MC, Crossland H et al. No difference between high-fructose and high-glucose diets on liver triacylglycerol or biochemistry in healthy overweight men. Gastroenterology 2013; 145: 1016-1025 e2 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-33]33 Perez-Pozo SE, Schold J, Nakagawa T et al. Excessive fructose intake induces the features of metabolic syndrome in healthy adult men: role of uric acid in the hypertensive response. Int J Obes 2010; 34: 454-461 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-34]34 Silbernagel G, Machann J, Unmuth S et al. Effects of 4-week very-high-fructose/glucose diets on insulin sensitivity, visceral fat and intrahepatic lipids: an exploratory trial. Br J Nutr 2011; 106: 79-86 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-35]35 Stanhope KL, Schwarz JM, Keim NL et al. Consuming fructose-sweetened, not glucose-sweetened, beverages increases visceral adiposity and lipids and decreases insulin sensitivity in overweight/obese humans. J Clin Invest 2009; 119: 1322-1334 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-36]36 Livesey G, Taylor R. Fructose consumption and consequences for glycation, plasma triacylglycerol, and body weight: meta-analyses and meta-regression models of intervention studies. Am J Clin Nutr 2008; 88: 1419-1437 





PubMedGoogle Scholar





	
[bookmark: JR038-37]37 Sievenpiper JL, de Souza RJ, Cozma AI et al. Fructose vs. glucose and metabolism: do the metabolic differences matter?. Curr Opin Lipidol 2014; 25: 8-19 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-38]38 Pollock NK, Bundy V, Kanto W et al. Greater fructose consumption is associated with cardiometabolic risk markers and visceral adiposity in adolescents. J Nutr 2012; 142: 251-257 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-39]39 Jalal DI, Smits G, Johnson RJ et al. Increased fructose associates with elevated blood pressure. J Am Soc Nephrol 2010; 21: 1543-1549 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-40]40 Jayalath VH, Sievenpiper JL, de Souza RJ et al. Total fructose intake and risk of hypertension: a systematic review and meta-analysis of prospective cohorts. J Am Coll Nutr 2014; 33: 328-339 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-41]41 Ha V, Sievenpiper JL, de Souza RJ et al. Effect of fructose on blood pressure: a systematic review and meta-analysis of controlled feeding trials. Hypertension 2012; 59: 787-795 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-42]42 Johnson LK, Holven KB, Nordstrand N et al. Fructose content of low calorie diets: effect on cardiometabolic risk factors in obese women with polycystic ovarian syndrome: a randomized controlled trial. Endocr Connect 2015; 4: 144-154 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-43]43 Madero M, Arriaga JC, Jalal D et al. The effect of two energy-restricted diets, a low-fructose diet versus a moderate natural fructose diet, on weight loss and metabolic syndrome parameters: a randomized controlled trial. Metabolism 2011; 60: 1551-1559 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-44]44 Brymora A, Flisinski M, Johnson RJ et al. Low-fructose diet lowers blood pressure and inflammation in patients with chronic kidney disease. Nephrol Dial Transplant 2012; 27: 608-612 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-45]45 Stanhope KL, Medici V, Bremer AA et al. A dose-response study of consuming high-fructose corn syrup-sweetened beverages on lipid/lipoprotein risk factors for cardiovascular disease in young adults. Am J Clin Nutr 2015; 101: 1144-1154 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-46]46 Lecoultre V, Egli L, Carrel G et al. Effects of fructose and glucose overfeeding on hepatic insulin sensitivity and intrahepatic lipids in healthy humans. Obesity 2013; 21: 782-785 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-47]47 Kelishadi R, Mansourian M, Heidari-Beni M. Association of fructose consumption and components of metabolic syndrome in human studies: a systematic review and meta-analysis. Nutrition 2014; 30: 503-510 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR038-48]48 Food and Drug Administration. Guidance for Industry: Diabetes Mellitus-Evaluating cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. US Department of Health and Human Services. 2008. Im Internet: http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm071627.pdf (Stand: 10.3.2016) 





Google Scholar





	
[bookmark: JR038-49]49 Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002; 346: 1221-1231 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-50]50 Bellentani S, Marino M. Epidemiology and natural history of non-alcoholic fatty liver disease (NAFLD). Ann Hepatol 2009; 8 (Suppl. 01) S4-S8 





PubMedGoogle Scholar





	
[bookmark: JR038-51]51 Abdelmalek MF, Suzuki A, Guy C et al. Increased fructose consumption is associated with fibrosis severity in patients with nonalcoholic fatty liver disease. Hepatology 2010; 51: 1961-1971 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-52]52 Ouyang X, Cirillo P, Sautin Y et al. Fructose consumption as a risk factor for non-alcoholic fatty liver disease. J Hepatol 2008; 48: 993-999 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-53]53 Thuy S, Ladurner R, Volynets V et al. Nonalcoholic fatty liver disease in humans is associated with increased plasma endotoxin and plasminogen activator inhibitor 1 concentrations and with fructose intake. J Nutr 2008; 138: 1452-1455 





PubMedGoogle Scholar





	
[bookmark: JR038-54]54 Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R et al. Long term nutritional intake and the risk for non-alcoholic fatty liver disease (NAFLD): a population based study. J Hepatol 2007; 47: 711-717 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-55]55 Chiu S, Sievenpiper JL, de Souza RJ et al. Effect of fructose on markers of non-alcoholic fatty liver disease (NAFLD): a systematic review and meta-analysis of controlled feeding trials. Eur J Clin Nutr 2014; 68: 416-423 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-56]56 O’Sullivan TA, Oddy WH, Bremner AP et al. Lower fructose intake may help protect against development of nonalcoholic fatty liver in adolescents with obesity. J Pediatr Gastroenterol Nutr 2014; 58: 624-631 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-57]57 Jin R, Welsh JA, Le NA et al. Dietary fructose reduction improves markers of cardiovascular disease risk in Hispanic-American adolescents with NAFLD. Nutrients 2014; 6: 3187-3201 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-58]58 Mager DR, Iniguez IR, Gilmour S et al. The effect of a low fructose and low glycemic index/load (FRAGILE) dietary intervention on indices of liver function, cardiometabolic risk factors, and body composition in children and adolescents with nonalcoholic fatty liver disease (NAFLD). J Parenter Enteral Nutr 2015; 39: 73-84 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-59]59 Volynets V, Machann J, Kuper MA et al. A moderate weight reduction through dietary intervention decreases hepatic fat content in patients with non-alcoholic fatty liver disease (NAFLD): a pilot study. Eur J Nutr 2013; 52: 527-535 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-60]60 Luk AJ, Simkin PA. Epidemiology of hyperuricemia and gout. Am J Manag Care 2005; 11: S435-S442 





PubMedGoogle Scholar





	
[bookmark: JR038-61]61 Akhavan T, Anderson GH. Effects of glucose-to-fructose ratios in solutions on subjective satiety, food intake, and satiety hormones in young men. Am J Clin Nutr 2007; 86: 1354-1363 





PubMedGoogle Scholar





	
[bookmark: JR038-62]62 Batt C, Phipps-Green AJ, Black MA et al. Sugar-sweetened beverage consumption: a risk factor for prevalent gout with SLC2A9 genotype-specific effects on serum urate and risk of gout. Ann Rheum Dis 2014; 73: 2101-2106 





PubMedGoogle Scholar





	
[bookmark: JR038-63]63 Choi JW, Ford ES, Gao X et al. Sugar-sweetened soft drinks, diet soft drinks, and serum uric acid level: the Third National Health and Nutrition Examination Survey. Arthritis Rheum 2008; 59: 109-116 



Google Scholar





	
[bookmark: JR038-64]64 Lin WT, Huang HL, Huang MC et al. Effects on uric acid, body mass index and blood pressure in adolescents of consuming beverages sweetened with high-fructose corn syrup. Int J Obes (Lond) 2013; 37: 532-539 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-65]65 Choi HK, Curhan G. Soft drinks, fructose consumption, and the risk of gout in men: prospective cohort study. BMJ 2008; 336: 309-312 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-66]66 Sun SZ, Anderson GH, Flickinger BD et al. Fructose and non-fructose sugar intakes in the US population and their associations with indicators of metabolic syndrome. Food Chem Toxicol 2011; 49: 2875-2882 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-67]67 Zgaga L, Theodoratou E, Kyle J et al. The association of dietary intake of purine-rich vegetables, sugar-sweetened beverages and dairy with plasma urate, in a cross-sectional study. PLoS One 2012; 7: e38123 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-68]68 Angelopoulos TJ, Lowndes J, Sinnett S et al. Fructose containing sugars do not raise blood pressure or uric acid at normal levels of human consumption. J Clin Hypertens 2015; 17: 87-94 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-69]69 Andersson DE, Nygren A. Four cases of long-standing diarrhoea and colic pains cured by fructose-free diet – a pathogenetic discussion. Acta Med Scand 1978; 203: 87-92 





PubMedGoogle Scholar





	
[bookmark: JR038-70]70 Ravich WJ, Bayless TM, Thomas M. Fructose: incomplete intestinal absorption in humans. Gastroenterology 1983; 84: 26-29 





PubMedGoogle Scholar





	
[bookmark: JR038-71]71 Born P, Zech J, Lehn H et al. Colonic bacterial activity determines the symptoms in people with fructose-malabsorption. Hepatogastroenterology 1995; 42: 778-785 





PubMedGoogle Scholar





	
[bookmark: JR038-72]72 Choi YK, Johlin FC, Summers RW et al. Fructose intolerance: an under-recognized problem. Am J Gastroenterol 2003; 98: 1348-1353 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-73]73 Leiss O. [Fiber, food intolerances, FODMAPs, gluten and functional gastrointestinal disorders – update 2014]. Z Gastroenterol 2014; 52: 1277-1298 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR038-74]74 Ledochowski M, Fuchs D, Widner B. Fruktosemalabsorption. J Ernährungsmed 2000; 2: 10-14 





PubMedGoogle Scholar





	
[bookmark: JR038-75]75 Schirra J. Klinisch relevante Atemtests in der gastroenterologischen Diagnostik – Empfehlungen der Deutschen Gesellschaft für Neurogastroenterologie und Motilität sowie der Deutschen Gesellschaft für Verdauungs- und Stoffwechselerkrankungen. Z Gastroenterol 2005; 43: 1071-1090 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR038-76]76 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: 1424-1430 





PubMedGoogle Scholar





	
[bookmark: JR038-77]77 Goebel-Stengel MMH. Kohlenhydratmalabsorption: Unverträglichkeit fermentierbarer Oligo-, Di- und Monosaccharide und Polyole (FODMAO) als häufige Ursache unklarer abdomineller Beschwerden. Dtsch med Wochenschr 2014; 139: 1310-1314 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR038-78]78 Ledochowski M, Widner B, Bair H et al. Fructose- and sorbitol-reduced diet improves mood and gastrointestinal disturbances in fructose malabsorbers. Scand J Gastroenterol 2000; 35: 1048-1052 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-79]79 Shu R, David ES, Ferraris RP. Dietary fructose enhances intestinal fructose transport and GLUT5 expression in weaning rats. Am J Physiol Gastrointest Liver Physiol 1997; 272: G446-G453 





PubMedGoogle Scholar





	
[bookmark: JR038-80]80 Wilder-Smith CH, Li X, Ho SS et al. Fructose transporters GLUT5 and GLUT2 expression in adult patients with fructose intolerance. United European Gastroenterol 2014; 2: 14-21 





PubMedGoogle Scholar





	
[bookmark: JR038-81]81 Schäfer C, Reese I, Ballmer-Weber BK et al. Fruktosemalabsorption – Stellungnahme der AG Nahrungsmittelallergie in der Deutschen Gesellschaft für Allergologie und klinische Immunologie (DGAKI). Allergo J 2010; 19: 66-69 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-82]82 Bonfrate L, Krawczyk M, Lembo A et al. Effects of dietary education, followed by a tailored fructose-restricted diet in adults with fructose malabsorption. Eur J Gastroenterol Hepatol 2015; 27: 785-796 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-83]83 Komericki P, Akkilic-Materna M, Strimitzer T et al. Oral xylose isomerase decreases breath hydrogen excretion and improves gastrointestinal symptoms in fructose malabsorption – a double-blind, placebo-controlled study. Aliment Pharmacol Ther 2012; 36: 980-987 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-84]84 Santer R, Rischewski J, von Weihe M et al. The spectrum of aldolase B (ALDOB) mutations and the prevalence of hereditary fructose intolerance in Central Europe. Hum Mutat 2005; 25: 594 





PubMedGoogle Scholar





	
[bookmark: JR038-85]85 Coffee EM, Tolan DR. Mutations in the promoter region of the aldolase B gene that cause hereditary fructose intolerance. JIMD Rep 2010; 33: 715-725 





PubMedGoogle Scholar





	
[bookmark: JR038-86]86 Dazzo C, Tolan DR. Molecular evidence for compound heterozygosity in hereditary fructose intolerance. Am J Hum Genet 1990; 46: 1194-1199 





PubMedGoogle Scholar





	
[bookmark: JR038-87]87 Tolan DR. Molecular basis of hereditary fructose intolerance: mutations and polymorphisms in the human aldolase B gene. Hum Mutat 1995; 6: 210-218 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR038-88]88 Tolan DR, Penhoet EE. Characterization of the human aldolase B gene. Mol Biol Med 1986; 3: 245-264 





PubMedGoogle Scholar





	
[bookmark: JR038-89]89 Donner MG, Erhardt A, Häussinger D. Stoffwechselerkrankungen der Leber. Dtsch med Wochenschr 2010; 135: 2540-2547 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR038-90]90 Bouteldja N, Timson DJ. The biochemical basis of hereditary fructose intolerance. J Inherit Metab Dis 2010; 33: 105-112 





PubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 18.232.115.247
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  