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            Abstract
Glycemic index (GI) describes the blood glucose response after consumption of a carbohydrate containing test food relative to a carbohydrate containing reference food, typically glucose or white bread. GI was originally designed for people with diabetes as a guide to food selection, advice being given to select foods with a low GI. The amount of food consumed is a major determinant of postprandial hyperglycemia, and the concept of glycemic load (GL) takes account of the GI of a food and the amount eaten. More recent recommendations regarding the potential of low GI and GL diets to reduce the risk of chronic diseases and to treat conditions other than diabetes, should be interpreted in the light of the individual variation in blood glucose levels and other methodological issues relating to measurement of GI and GL. Several factors explain the large inter- and intra-individual variation in glycemic response to foods. More reliable measurements of GI and GL of individual foods than are currently available can be obtained by studying, under standard conditions, a larger number of subjects than has typically been the case in the past. Meta-analyses suggest that foods with a low GI or GL may confer benefit in terms of glycemic control in diabetes and lipid management. However, low GI and GL foods can be energy dense and contain substantial amounts of sugars or undesirable fats that contribute to a diminished glycemic response. Therefore, functionality in terms of a low glycemic response alone does not necessarily justify a health claim. Most studies, which have demonstrated health benefits of low GI or GL involved naturally occurring and minimally processed carbohydrate containing cereals, vegetables and fruit. These foods have qualities other than their immediate impact on postprandial glycemia as a basis to recommend their consumption. When the GI or GL concepts are used to guide food choice, this should be done in the context of other nutritional indicators and when values have been reliably measured in a large group of individuals.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1[image: ]


Figure 2[image: ]


Figure 3[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Impact of isocaloric exchanges of carbohydrate for fat on postprandial glucose, insulin, triglycerides, and free fatty acid responses—a systematic review and meta-analysis
                                        
                                    

                                    
                                        Article
                                        
                                         25 November 2019
                                    

                                

                                Anoush Kdekian, Marjan Alssema, … Elke A. Trautwein

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Postprandial blood glucose response: does the glycaemic index (GI) value matter even in the low GI range?
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 May 2020
                                    

                                

                                Bhupinder Kaur, Melvin Koh, … Christiani Jeyakumar Henry

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Postprandial glycaemic dips predict appetite and energy intake in healthy individuals
                                        
                                    

                                    
                                        Article
                                        
                                         12 April 2021
                                    

                                

                                Patrick Wyatt, Sarah E. Berry, … Ana M. Valdes

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Amano Y, Kawakubo K, Lee JS, Tang AC, Sugiyama M, Mori K (2004). Correlation between dietary glycemic index and cardiovascular disease risk factors among Japanese women. Eur J Clin Nutr 58, 1472–1478.
Article 
    CAS 
    
                    Google Scholar 
                

	Anderson GH, Catherine NL, Woodend DM, Wolever TM (2002). Inverse association between the effect of carbohydrates on blood glucose and subsequent short-term food intake in young men. Am J Clin Nutr 76, 1023–1030.
Article 
    CAS 
    
                    Google Scholar 
                

	Anderson GH, Woodend D (2003). Effect of glycemic carbohydrates on short-term satiety and food intake. Nutr Rev 61, S17–S26.
Article 
    
                    Google Scholar 
                

	Brand-Miller J, Hayne S, Petocz P, Colagiuri S (2003b). Low-glycemic index diets in the management of diabetes: a meta-analysis of randomized controlled trials. Diabetes Care 26, 2261–2267.
Article 
    
                    Google Scholar 
                

	Brand-Miller JC, Holt SH, Pawlak DB, McMillan J (2002). Glycemic index and obesity. Am J Clin Nutr 76, 281S–285S.
Article 
    CAS 
    
                    Google Scholar 
                

	Brand-Miller JC, Thomas M, Swan V, Ahmad ZI, Petocz P, Colagiuri S (2003c). Physiological validation of the concept of glycemic load in lean young adults. J Nutr 133, 2728–2732.
Article 
    CAS 
    
                    Google Scholar 
                

	Brand-Miller JC, Wolever TM (2005). The use of glycaemic index tables to predict glycaemic index of breakfast meals. Br J Nutr 94, 133–134.
Article 
    CAS 
    
                    Google Scholar 
                

	Brand-Miller J, Wolever TM, Foster-Powell K, Colagiuri S (2003a). The New Glucose Revolution. Marlowe & Company: New York.

                    Google Scholar 
                

	Brouns F, Bjorck I, Frayn KN, Gibbs AL, Lang V, Slama G et al. (2005). Glycaemic index methodology. Nutr Res Rev 18, 145–171.
Article 
    CAS 
    
                    Google Scholar 
                

	Collier G, O'Dea K (1983). The effect of coingestion of fat on the glucose, insulin, and gastric inhibitory polypeptide responses to carbohydrate and protein. Am J Clin Nutr 37, 941–944.
Article 
    CAS 
    
                    Google Scholar 
                

	Coulston AM, Hollenbeck CB, Reaven GM (1984). Utility of studies measuring glucose and insulin responses to various carbohydrate-containing foods. Am J Clin Nutr 39, 163–167.
Article 
    CAS 
    
                    Google Scholar 
                

	Doi K, Matsuura M, Kawara A, Baba S (1979). Treatment of diabetes with glucomannan (konjac mannan). Lancet 1, 987–988.
Article 
    CAS 
    
                    Google Scholar 
                

	FAO/WHO (1998). Carbohydrates in human nutrition. Report of a Joint FAO/WHO Expert Consultation. FAO Food Nutr Pap 66, 1–140.

                    Google Scholar 
                

	Flint A, Moller BK, Raben A, Pedersen D, Tetens I, Holst JJ et al. (2004). The use of glycaemic index tables to predict glycaemic index of composite breakfast meals. Br J Nutr 91, 979–989.
Article 
    CAS 
    
                    Google Scholar 
                

	Flood A, Subar AF, Hull SG, Zimmerman TP, Jenkins DJ, Schatzkin A (2006). Methodology for adding glycemic load values to the National Cancer Institute Diet History Questionnaire database. J Am Diet Assoc 106, 393–402.
Article 
    
                    Google Scholar 
                

	Ford ES, Liu S (2001). Glycemic index and serum high-density lipoprotein cholesterol concentration among US adults. Arch Intern Med 161, 572–576.
Article 
    CAS 
    
                    Google Scholar 
                

	Foster-Powell K, Holt SH, Brand-Miller JC (2002). International table of glycemic index and glycemic load values: 2002. Am J Clin Nutr 76, 5–56.
Article 
    CAS 
    
                    Google Scholar 
                

	Freeman J (2005). The glycemic index debate: does the type of carbohydrate really matter? Diabet Forecast 58, 11.

                    Google Scholar 
                

	Frost G, Leeds A, Trew G, Margara R, Dornhorst A (1998). Insulin sensitivity in women at risk of coronary heart disease and the effect of a low glycemic diet. Metabolism 47, 1245–1251.
Article 
    CAS 
    
                    Google Scholar 
                

	Goldstein DE, Little RR, Lorenz RA, Malone JI, Nathan DM, Peterson CM (2004). Tests of glycemia in diabetes. Diabetes care 27 (Suppl 1), S91–S93.
PubMed 
    
                    Google Scholar 
                

	Granfeldt Y, Liljeberg H, Drews A, Newman R, Bjorck I (1994). Glucose and insulin responses to barley products: influence of food structure and amylose-amylopectin ratio. Am J Clin Nutr 59, 1075–1082.
Article 
    CAS 
    
                    Google Scholar 
                

	Granfeldt Y, Hagander B, Bjorck I (1995). Metabolic responses to starch in oat and wheat products. On the importance of food structure, incomplete gelatinization or presence of viscous dietary fibre. Eur J Clin Nutr 49, 189–199.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Hanefeld M, Cagatay M, Petrowitsch T, Neuser D, Petzinna D, Rupp M (2004). Acarbose reduces the risk for myocardial infarction in type 2 diabetic patients: meta-analysis of seven long-term studies. Eur Heart J 25, 10–16.
Article 
    CAS 
    
                    Google Scholar 
                

	Heilbronn LK, Noakes M, Clifton PM (2002). The effect of high- and low-glycemic index energy restricted diets on plasma lipid and glucose profiles in type 2 diabetic subjects with varying glycemic control. J Am Coll Nutr 21, 120–127.
Article 
    CAS 
    
                    Google Scholar 
                

	Henry CJ, Lightowler HJ, Kendall FL, Storey M (2006). The impact of the addition of toppings/fillings on the glycaemic response to commonly consumed carbohydrate foods. Eur J Clin Nutr 60, 763–769.
Article 
    CAS 
    
                    Google Scholar 
                

	Henry CJ, Lightowler HJ, Strik CM, Storey M (2005). Glycaemic index values for commercially available potatoes in Great Britain. Br J Nutr 94, 917–921.
Article 
    CAS 
    
                    Google Scholar 
                

	Hodge AM, English DR, O'Dea K, Giles GG (2004). Glycemic index and dietary fiber and the risk of type 2 diabetes. Diabetes Care 27, 2701–2706.
Article 
    
                    Google Scholar 
                

	Holt SH, Miller JC, Petocz P (1997). An insulin index of foods: the insulin demand generated by 1000-kJ portions of common foods. Am J Clin Nutr 66, 1264–1276.
Article 
    CAS 
    
                    Google Scholar 
                

	Holt SH, Miller JC, Petocz P, Farmakalidis E (1995). A satiety index of common foods. Eur J Clin Nutr 49, 675–690.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Holt SH, Brand Miller JC, Petocz P (1996). Inter-relationships among postprandial satiety, glucose and insulin responses and changes in subsequent food intake. Eur J Clin Nutr 50, 788–797.
CAS 
    
                    Google Scholar 
                

	Jenkins DJ, Goff DV, Leeds AR, Alberti KG, Wolever TM, Gassull MA et al. (1976). Unabsorbable carbohydrates and diabetes: decreased post-prandial hyperglycaemia. Lancet 2, 172–174.
Article 
    CAS 
    
                    Google Scholar 
                

	Jenkins DJ, Kendall CW, Augustin LS, Franceschi S, Hamidi M, Marchie A et al. (2002). Glycemic index: overview of implications in health and disease. Am J Clin Nutr 76, 266S–273S.
Article 
    CAS 
    
                    Google Scholar 
                

	Jenkins DJ, Wolever TM, Buckley G, Lam KY, Giudici S, Kalmusky J et al. (1988). Low-glycemic index starchy foods in the diabetic diet. Am J Clin Nutr 48, 248–254.
Article 
    CAS 
    
                    Google Scholar 
                

	Jenkins DJ, Wolever TM, Jenkins AL, Giordano C, Giudici S, Thompson LU et al. (1986). Low-glycemic response to traditionally processed wheat and rye products: bulgur and pumpernickel bread. Am J Clin Nutr 43, 516–520.
Article 
    CAS 
    
                    Google Scholar 
                

	Jenkins DJ, Wolever TM, Jenkins AL, Josse RG, Wong GS (1984). The glycaemic response to carbohydrate foods. Lancet 2, 388–391.
Article 
    CAS 
    
                    Google Scholar 
                

	Jenkins DJ, Wolever TM, Jenkins AL, Thorne MJ, Lee R, Kalmusky J et al. (1983). The glycaemic index of foods tested in diabetic patients: a new basis for carbohydrate exchange favouring the use of legumes. Diabetologia 24, 257–264.
Article 
    CAS 
    
                    Google Scholar 
                

	Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, Baldwin JM et al. (1981). Glycemic index of foods: a physiological basis for carbohydrate exchange. Am J Clin Nutr 34, 362–366.
Article 
    CAS 
    
                    Google Scholar 
                

	Kelly S, Frost G, Whittaker V, Summerbell C (2004). Low-glycaemic index diets for coronary heart disease. Cochrane Database Syst Rev CD004467.

	Liljeberg H, Granfeldt Y, Bjorck I (1992). Metabolic responses to starch in bread containing intact kernels versus milled flour. Eur J Clin Nutr 46, 561–575.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Liu S, Manson JE, Stampfer MJ, Holmes MD, Hu FB, Hankinson SE et al. (2001). Dietary glycemic load assessed by food-frequency questionnaire in relation to plasma high-density lipoprotein cholesterol and fasting plasma triacylglycerols in postmenopausal women. Am J Clin Nutr 73, 560–566.
Article 
    CAS 
    
                    Google Scholar 
                

	Ma Y, Li Y, Chiriboga DE, Olendzki BC, Hebert JR, Li W et al. (2006). Association between carbohydrate intake and serum lipids. J Am Coll Nutr 25, 155–163.
Article 
    CAS 
    
                    Google Scholar 
                

	Mann J (2007). Dietary carbohydrate: relationship to cardiovascular disease and disorders of carbohydrate metabolism. Eur J Clin Nutr 61 (Suppl 1), S100–S111.
Article 
    CAS 
    
                    Google Scholar 
                

	McAuley K, Mann J (2006). Thematic review series: patient-oriented research. Nutritional determinants of insulin resistance. J Lipid Res 47, 1668–1676.
Article 
    CAS 
    
                    Google Scholar 
                

	Mettler S, Lamprecht-Rusca F, Stoffel-Kurt N, Wenk C, Colombani PC (2007). The influence of the subjects' training state on the glycemic index. Eur J Clin Nutr 61, 19–24.
Article 
    CAS 
    
                    Google Scholar 
                

	Miller CK, Gabbay RA, Dillon J, Apgar J, Miller D (2006). The effect of three snack bars on glycemic response in healthy adults. J Am Diet Assoc 106, 745–748.
Article 
    
                    Google Scholar 
                

	Murakami K, Sasaki S, Takahashi Y, Okubo H, Hosoi Y, Horiguchi H et al. (2006). Dietary glycemic index and load in relation to metabolic risk factors in Japanese female farmers with traditional dietary habits. Am J Clin Nutr 83, 1161–1169.
Article 
    CAS 
    
                    Google Scholar 
                

	Neuhouser ML, Tinker LF, Thomson C, Caan B, Horn LV, Snetselaar L et al. (2006). Development of a glycemic index database for food frequency questionnaires used in epidemiologic studies. J Nutr 136, 1604–1609.
Article 
    CAS 
    
                    Google Scholar 
                

	Nuttall FQ, Mooradian AD, Gannon MC, Billington C, Krezowski P (1984). Effect of protein ingestion on the glucose and insulin response to a standardized oral glucose load. Diabetes Care 7, 465–470.
Article 
    CAS 
    
                    Google Scholar 
                

	Opperman AM, Venter CS, Oosthuizen W, Thompson RL, Vorster HH (2004). Meta-analysis of the health effects of using the glycaemic index in meal-planning. Br J Nutr 92, 367–381.
Article 
    CAS 
    
                    Google Scholar 
                

	Pi-Sunyer FX (2002). Glycemic index and disease. Am J Clin Nutr 76, 290S–298S.
Article 
    CAS 
    
                    Google Scholar 
                

	Read NW, Welch IM, Austen CJ, Barnish C, Bartlett CE, Baxter AJ et al. (1986). Swallowing food without chewing; a simple way to reduce postprandial glycaemia. Br J Nutr 55, 43–47.
Article 
    CAS 
    
                    Google Scholar 
                

	Salmeron J, Ascherio A, Rimm EB, Colditz GA, Spiegelman D, Jenkins DJ et al. (1997a). Dietary fiber, glycemic load, and risk of NIDDM in men. Diabetes Care 20, 545–550.
Article 
    CAS 
    
                    Google Scholar 
                

	Salmeron J, Manson JE, Stampfer MJ, Colditz GA, Wing AL, Willett WC (1997b). Dietary fiber, glycemic load, and risk of non-insulin-dependent diabetes mellitus in women. JAMA 277, 472–477.
Article 
    CAS 
    
                    Google Scholar 
                

	Schenk S, Davidson CJ, Zderic TW, Byerley LO, Coyle EF (2003). Different glycemic indexes of breakfast cereals are not due to glucose entry into blood but to glucose removal by tissue. Am J Clin Nutr 78, 742–748.
Article 
    CAS 
    
                    Google Scholar 
                

	Schulze MB, Liu S, Rimm EB, Manson JE, Willett WC, Hu FB (2004). Glycemic index, glycemic load, and dietary fiber intake and incidence of type 2 diabetes in younger and middle-aged women. Am J Clin Nutr 80, 348–356.
Article 
    CAS 
    
                    Google Scholar 
                

	Slyper A, Jurva J, Pleuss J, Hoffmann R, Gutterman D (2005). Influence of glycemic load on HDL cholesterol in youth. Am J Clin Nutr 81, 376–379.
Article 
    CAS 
    
                    Google Scholar 
                

	Sugiyama M, Tang AC, Wakaki Y, Koyama W (2003). Glycemic index of single and mixed meal foods among common Japanese foods with white rice as a reference food. Eur J Clin Nutr 57, 743–752.
Article 
    CAS 
    
                    Google Scholar 
                

	Suzuki H, Fukushima M, Okamoto S, Takahashi O, Shimbo T, Kurose T et al. (2005). Effects of thorough mastication on postprandial plasma glucose concentrations in nonobese Japanese subjects. Metabolism 54, 1593–1599.
Article 
    CAS 
    
                    Google Scholar 
                

	Tappy L, Gugolz E, Wursch P (1996). Effects of breakfast cereals containing various amounts of beta-glucan fibers on plasma glucose and insulin responses in NIDDM subjects. Diabetes Care 19, 831–834.
Article 
    CAS 
    
                    Google Scholar 
                

	van de Laar FA, Lucassen PL, Akkermans RP, van de Lisdonk EH, Rutten GE, van Weel C (2005). Alpha-glucosidase inhibitors for patients with type 2 diabetes: results from a Cochrane systematic review and meta-analysis. Diabetes Care 28, 154–163.
Article 
    CAS 
    
                    Google Scholar 
                

	Venn BJ, Wallace AJ, Monro JA, Perry T, Brown R, Frampton C et al. (2006). The glycemic load estimated from the glycemic index does not differ greatly from that measured using a standard curve in healthy volunteers. J Nutr 136, 1377–1381.
Article 
    CAS 
    
                    Google Scholar 
                

	Wolever TM, Jenkins DJ (1986). The use of the glycemic index in predicting the blood glucose response to mixed meals. Am J Clin Nutr 43, 167–172.
Article 
    CAS 
    
                    Google Scholar 
                

	Wolever TM, Vorster HH, Bjorck I, Brand-Miller J, Brighenti F, Mann JI et al. (2003). Determination of the glycaemic index of foods: interlaboratory study. Eur J Clin Nutr 57, 475–482.
Article 
    CAS 
    
                    Google Scholar 
                

	Wolever TM (1990). The glycemic index. World Rev Nutr Diet 62, 120–185.
Article 
    CAS 
    
                    Google Scholar 
                

	Wolever TM, Vuksan V, Eshuis H, Spadafora P, Peterson RD, Chao ES et al. (1991). Effect of method of administration of psyllium on glycemic response and carbohydrate digestibility. J Am Coll Nutr 10, 364–371.
Article 
    CAS 
    
                    Google Scholar 
                

	Wolever TM, Yang M, Zeng XY, Atkinson F, Brand-Miller JC (2006). Food glycemic index, as given in glycemic index tables, is a significant determinant of glycemic responses elicited by composite breakfast meals. Am J Clin Nutr 83, 1306–1312.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We wish to thank Dr Jennie Brand-Miller, Professor Gary Frost, Professor Philip James, Professor Simin Liu, Professor Jim Mann, Dr Gabriele Riccardi, Dr M Robertson and Professor HH Vorster for their valuable comments.


Author information
Authors and Affiliations
	Department of Human Nutrition, University of Otago, Dunedin, New Zealand
B J Venn & T J Green


Authors	B J VennView author publications
You can also search for this author in
                        PubMed Google Scholar



	T J GreenView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                B J Venn.


Additional information

                Conflict of interest
              
During the preparation and peer-review of this paper in 2006, the authors and peer-reviewers declared the following interests.
Authors Dr Bernard J Venn: None declared.
Dr Tim Green: Affiliated with GI Otago, a commercial glycemic index testing service.

                Peer-reviewers
              
Dr Jennie Brand-Miller: Publishing books in the popular press: ‘The New Glucose Revolution Series’; Director of a University-based service for GI testing; Director of a not-for-profit food-labelling programme based on the GI.
Professor Gary Frost: None declared.
Professor Philip James: None declared.
Professor Simin Liu: None declared.
Professor Jim Mann: None declared.
Dr Gabriele Riccardi: None declared.
Dr M Robertson: Research Grant from National Chemical and Starch.
Professor HH Vorster: Member and Director of the Africa Unit for Transdisciplinary health Research (AUTHeR), Research grant from the South African Sugar Association.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Venn, B., Green, T. Glycemic index and glycemic load: measurement issues and their effect on diet–disease relationships.
                    Eur J Clin Nutr 61
                        (Suppl 1), S122–S131 (2007). https://doi.org/10.1038/sj.ejcn.1602942
Download citation
	Published: 09 November 2007

	Issue Date: December 2007

	DOI: https://doi.org/10.1038/sj.ejcn.1602942


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	glycemic index
	glycemic load
	methodology
	diet–disease relationships







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Physicochemical, in vitro starch digestibility and sensory characteristics of biofortified yellow maize-cowpea composite flours and biscuits
                                    
                                

                            
                                
                                    	Emmanuel Anyachukwu Irondi
	Kazeem Koledoye Olatoye
	Osayame Funmilayo Ogbebor


                                
                                Food Production, Processing and Nutrition (2024)

                            
	
                            
                                
                                    
                                        Indigenous knowledge in the Kithul (Caryota urens L.) industry of Sri Lanka and its scientific basis
                                    
                                

                            
                                
                                    	A. L. Ranawake
	Ranjith Pathirana


                                
                                Genetic Resources and Crop Evolution (2024)

                            
	
                            
                                
                                    
                                        On Processing Potato. 4. Survey of the Nutritional and Sensory Value of Products and Dishes
                                    
                                

                            
                                
                                    	A. J. Haverkort
	A. R. Linnemann
	J. S. C. Wiskerke


                                
                                Potato Research (2023)

                            
	
                            
                                
                                    
                                        Glycemic response of volunteers to the consumption of supplements and food formulas for oral and/or enteral nutrition
                                    
                                

                            
                                
                                    	Eliana Bistriche Giuntini
	Giovanna Albuquerque Ruffo
	Mariana Vilela Rocha


                                
                                Nutrire (2022)

                            
	
                            
                                
                                    
                                        Glycemic index and glycemic load of common fruit juices in Thailand
                                    
                                

                            
                                
                                    	Chonnikant Visuthranukul
	Pichet Sampatanukul
	Sirinuch Chomtho


                                
                                Journal of Health, Population and Nutrition (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Supplement

                                
                                    Joint FAO/WHO Scientific Update on Carbohydrates in Human Nutrition
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            
	
                                
                                    Free Access Articles
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    European Journal of Clinical Nutrition (Eur J Clin Nutr)
                
                
    
    
        ISSN 1476-5640 (online)
    
    


                
    
    
        ISSN 0954-3007 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
