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The glycemic index (GI) is a physiological assessment of a food’s carbohydrate content through its effect on

postprandial blood glucose concentrations. Evidence from trials and observational studies suggests that this

physiological classification may have relevance to those chronic Western diseases associated with

overconsumption and inactivity leading to central obesity and insulin resistance.

The glycemic index classification of foods has been used as a tool to assess potential prevention and

treatment strategies for diseases where glycemic control is of importance, such as diabetes. Low GI diets have

also been reported to improve the serum lipid profile, reduce C-reactive protein (CRP) concentrations, and aid in

weight control. In cross-sectional studies, low GI or glycemic load diets (mean GI multiplied by total

carbohydrate) have been associated with higher levels of high-density lipoprotein cholesterol (HDL-C), with

reduced CRP concentrations, and, in cohort studies, with decreased risk of developing diabetes and

cardiovascular disease. In addition, some case-control and cohort studies have found positive associations

between dietary GI and risk of various cancers, including those of the colon, breast, and prostate.

Although inconsistencies in the current findings still need to be resolved, sufficient positive evidence,

especially with respect to renewed interest in postprandial events, suggests that the glycemic index may have a

role to play in the treatment and prevention of chronic diseases.

Key teaching points:

N The glycemic index is a quantitative assessment of a food’s carbohydrate content through its effect on postprandial blood glucose

concentrations.

N Low glycemic index foods are those that elicit a low postprandial glucose response and include legumes (ex. chickpeas, lentils, etc.)

and grains such as barley.

N The available scientific evidence, largely supports the notion that low glycemic index diets, through their effect on postprandial

glycemia acutely and glycated proteins in the short to intermediate term may have some value in the management and prevention of

type 2 diabetes.

N The evidence, although not unanimous, also demonstrates a protective effect for low glycemic index diets against heart disease.

Larger, longer RCTs, show that low glycemic index diets were associated with higher serum HDL-C and lower levels of CRP.

INTRODUCTION

With the increasing prevalence of overconsumption and

inactivity associated with the Western lifestyle, the increase in

chronic diseases and their associated metabolic disorders

continues to be a matter of great concern. This has resulted in

continued interest in both diet and lifestyle modifications in

prevention and treatment. One of the dietary approaches that

may have relevance is the glycemic index (GI), a physiological

classification of the available carbohydrate content in foods,

first proposed in 1981 [1]. Since then, a number of

epidemiological and clinical trials have shown that low

glycemic index and glycemic load (GL) diets appear

protective against chronic diseases, especially those that
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relate to obesity, such as type 2 diabetes [2–6] and heart

disease [7–11]. A recent meta-analysis of observational

studies showed that low GI and low GL diets appeared to

be protective not only for type 2 diabetes and coronary heart

disease (CHD) but also for gallbladder disease and breast

cancer [12]. This review will provide a brief overview of

some of the current evidence linking the glycemic index with

chronic disease.

THE GLYCEMIC INDEX AND
GLYCEMIC LOAD

The glycemic index is determined by comparing the

postprandial glycemic response of a food with the postprandial

glycemic response to the same amount of available carbohy-

drate from a standard food in the same individual [1]. The

original standard was glucose but later bread was used. This is

because bread is a commonly consumed carbohydrate food and

as such, it was more acceptable from the subject testing

standpoint. Generally, 50 g of available carbohydrate from test

and standard foods is tested by the same individual unless the

volume of the test food is too large, in which case 25 g or less

of available carbohydrate portions from both test and control

foods is used. The actual glycemic index value is the area

under the blood glucose curve (AUC) for the test food,

expressed as a percentage of that of the standard control. The

glycemic index of a food therefore depends on the food rather

than on characteristics of the individual who consumes it

[1,13]. If glucose was used as the reference food, the value is

multiplied by 100/70 for conversion to the bread scale.

Generally, in accordance with the bread scale, low glycemic

index foods are those that have a glycemic index value lower

than 70, and high glycemic index foods are those with values

over 100 [14]. Factors that can affect the glycemic index of a

food include the nature of the starch, particle size, pH, and the

amounts of fiber, fat, and protein, in addition to cooking

method and time [13].

The glycemic load examines the total impact of the dietary

carbohydrate on postprandial glycemia. The glycemic load is the

product of the glycemic index of the food or diet under study and

the grams of available carbohydrate in that food or diet divided

by 100 [3]. For a meal, GL is calculated by multiplying the mean

glycemic index weighted according to the grams of total

available carbohydrate by the grams in the meal or diet.

THE GLYCEMIC INDEX AND
WEIGHT LOSS

Currently, in Western nations, obesity has been suggested

to be the third most common risk factor for noncommunicable

diseases such as heart disease [15]. Over the past 2 decades, the

rate of obesity has reached epidemic proportions in developed

nations and is increasing in developing ones. For instance, as

of 2008, 26.6% of adults in the United States were classified as

obese (body mass index [BMI] greater than 30 kg/m2), and

another 36.5% were considered overweight (BMI 25.0 to

29.9 kg/m2) [16]. Recently, because of the possible link to

satiety and metabolism, a number of studies have focused on

the role of glycemic index and glycemic load in weight loss,

although, as with other aspects of the glycemic index concept,

the role of glycemic index in body weight control has been

debated [17–20]. Despite the academic debate, major popular

books and programs devoted to weight loss use the glycemic

index concept as justification for their approach to body weight

control (Atkins, Zone, South Beach, Montignac).

In 2007, a meta-analysis [21] that included 6 trials [22–27]

concluded that low glycemic index and glycemic load diets

resulted in statistically significant reductions of approximately

1 kg in weight, 1 kg in total fat mass, and 1.3 units in body

mass index on comparison with control diets (either high

glycemic index or low fat) in adolescents and adults (p , 0.05

for all 3 outcomes) [21]. Moreover, a recent meta-analysis by

Livesey et al. [28], which included results from 23 studies that

measured weight loss in low GI/GL diets, showed that body

weight fell with reduction in dietary glycemic load and vice

versa in studies where (1) subjects are under ‘‘free-living’’

conditions (ad libitum), and (2) food intake control is limited.

However, this beneficial effect is not observed in studies where

food intake is controlled [28]. Overall, studies in children and

adolescents have demonstrated that the benefits of advice to

reduce the glycemic load rather than advice to reduce fat and

total calories in the diet is an effective tool in inducing weight

loss [23,24,29]. The most recent of these studies have

demonstrated that the 30 minute postprandial insulin level is

an important determinant of weight loss on a low glycemic

load diet, suggesting that the lower the dietary glycemic index,

the greater the benefit for those who are overweight [29]. The

role of insulin as a mediator is supported by findings in the

Nurses’ Health Study (NHS) cohort, which showed that in

overweight females (BMI greater than 25 kg/m2) in the second

and third tertiles of glycemic load, increasing glycemic load

predicted increased CHD risk [7]. Overall, however, long-

term, large, randomized clinical trials with various degrees of

overweight subjects and differing clinical approaches to weight

loss control are required.

THEGLYCEMIC INDEX AND DIABETES

The prevalence of diabetes has increased dramatically over

the past 3 decades, and current estimates predict a further 50%

increase worldwide by the year 2030 [30]. According to the
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American Diabetes Association (ADA), the primary objective in

management of diabetes should be regulation of blood glucose

levels [31]. Early studies, which looked at the acute impact of

low glycemic index foods on postprandial glycemia, consistently

demonstrated that low glycemic index foods reduce the peak

postprandial blood glucose rise and as such lead to a lower

incremental blood glucose area above baseline. Since then, a

number of observational and clinical interventions have looked

at the role of glycemic index in the management and prevention

of diabetes. Most recently, the International Diabetes Federation

has raised further awareness of the problems associated with

uncontrolled postprandial glycemia [32].

Six epidemiological studies have looked at the effect of

dietary glycemic index and GL on the risk of developing

type 2 diabetes [2–4,33–35], and 1 trial studied the effect of

glycemic index on the risk of developing gestational

diabetes [5]. Of these 7 studies, 4 [2–5] showed a significant

protective effect against the risk of developing diabetes with

the lowest interval of dietary glycemic index intake. The

other 3 studies did not find an association between the

dietary glycemic index and glycemic load and diabetes [33–

35]. Results from all of these studies were pooled in a

recent meta-analysis [12], which suggested a protective

effect of low glycemic index and glycemic load diets after

assessing rate ratios for the risk of developing type 2

diabetes by comparing the highest versus the lowest quintile

intakes of dietary glycemic index and glycemic load at 1.40

(95% CI 1.23 to 1.59) and 1.27 (95% CI 1.12 to 1.45),

respectively [12].

A recent Cochrane Review that included 11 randomized

controlled trials lasting between 4 weeks and 12 months in

patients with diabetes (3 trials in type 1 patients, 7 trials in type

2 patients, and 1 trial in both) showed that low glycemic index

diets by comparison with high glycemic index or other diets

reduce protein markers of glycemic control [6]. Glycosylated

hemoglobin (HbA1c) levels were reduced by 0.5% (95% CI

20.8 to20.2; p, 0.001) [6]. This 0.5% reduction is clinically

significant as it corresponds to decreases achieved with

medication for newly diagnosed patients with type 2 diabetes

[36,37]. Furthermore, according to the U.K. Prospective

Diabetes Study (UKPDS), a 1% reduction in mean HbA1c

levels corresponds to a 21% risk reduction for both deaths

related to diabetes and any other endpoints related to type 2

diabetes [38]. Three other meta-analyses over the period of

2003 to 2009 have also indicated that low glycemic index

diets improve glycemic control as assessed by glycated

protein, serum fructosamine in shorter studies, or HbA1c in

longer term studies [28,39,40]. Nevertheless, a recent larger,

longer study failed to show a significant effect of a low

glycemic index diet on HbA1c [41]. This may be attributed in

part to the relatively low HbA1c of participants at baseline

(mean 6.1%) and to the fact that they did not yet require oral

hypoglycemic agents [41]. In contrast, a 6-month study in

210 type 2 diabetic subjects treated with oral antidiabetic

agents, whose mean baseline HbA1c (7.1%) was minimally

above the current treatment goal for individuals with

longstanding diabetes, showed that a low glycemic index

diet reduced absolute HbA1c levels by 0.5% (95% CI

20.61% to 20.39%) in comparison with a high fiber diet

(20.18%; 95% CI 20.29% to 20.07%; p , 0.001 between

treatments) [42].

Available scientific evidence largely supports the notion

that low GI/GL diets, through their effect on postprandial

glycemia acutely and glycated proteins in the short to

intermediate term, may have some value in the management

and prevention of type 2 diabetes.

THE GLYCEMIC INDEX AND
HEART DISEASE

Heart disease remains the leading cause of worldwide

mortality [15]. Although evidence suggests that low glycemic

index and glycemic load diets may indirectly reduce the risk of

heart disease by modifying risk factors such as diabetes and

obesity, evidence suggests that these diets may have additional

protective effects against heart disease by modifying serum

lipid levels [9–11]—an effect that has not been shown with

most oral antihyperglycemic drugs [43–45]. The epidemiolo-

gical evidence, although by no means unanimous, has

suggested that low GI diets may be protective against heart

disease [7,8,11]. A recent pooled analysis of cohort studies

concluded that increased consumption of foods with high

dietary glycemic index and glycemic load significantly

elevated the risk of developing heart disease (relative risk

[RR] 1.32; 95% CI 1.16 to 1.48) [46]. However, a number of

cohort and observational studies have failed to show a

beneficial effect for low glycemic index diets [47–49]. Results

from the Zutphen Elderly Study in men suggested that

glycemic index and GL are not associated with heart disease

(RRs 1.11 and 1.33 for highest vs. lowest tertile of dietary

glycemic index and GL, respectively) [47]. However, when the

results of this studywere pooledwith those of theNHS in a recent

meta-analysis, glycemic index but not glycemic load was still

associated with a protective effect against the risk of developing

heart disease (RR 1.25; 95% CI 1.00 to 1.56 for high glycemic

index vs. lowglycemic index) [12]. Furthermore, even though the

study by Levitan et al. [49] did not show an association between

glycemic index, glycemic load, and ischemic cardiovascular

disease (CVD), investigators did find that the highest quartile of

dietary GL increased the risk of hemorrhagic stroke (RR 1.44;

95% CI 0.91 to 2.27; p5 0.047).

In addition, observational studies have found a link

between glycemic index and glycemic load and biomarkers
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of CHD, such as high-density lipoprotein cholesterol (HDL-C).

Low serum HDL-C concentrations are associated with a higher

risk of developing CHD [50]. Both Ford et al. and Frost et al.

found that dietary glycemic index/load was inversely asso-

ciated with serum HDL-C levels [9,10]. These results were

supported by an analysis of the NHS cohort, which showed that

dietary GL was inversely linked to serum HDL-C [11]. Low

glycemic index/load diets have also been linked to lower levels

of C-reactive protein (CRP) [51], a marker of inflammation,

elevated levels of which have been linked with the risk of

developing type 2 diabetes and CVD [52,53].

The results of dietary interventions have not been as

consistent as those of the observational studies. However, these

studies show a favorable effect on HDL-C [42,54,55], and

reductions in CRP [41,56] and in serum triglycerides and low-

density lipoprotein cholesterol have also been reported

[26,55,57]. A 2004 meta-analysis of 15 randomized clinical

trials (RCTs) by Kelly et al. [58] showed that only total

cholesterol and HbA1c were modified by low glycemic index

diets in comparison with high glycemic index control; serum

LDL-C, serum HDL-C, triacylglycerides, body weight, fasting

plasma glucose, and fasting serum insulin were not modified.

However, the more recent and longer term trials showing

beneficial effects on HDL-C were not included, and most of

the included trials were short term, contained a small sample

size, and overall were of poor quality [58], emphasizing the

need for larger and longer RCTs.

Thus, although not unanimous, the evidence from cohort

studies demonstrates a protective effect for low glycemic

index/load diets against heart disease. In larger, longer RCTs,

some evidence suggests that low glycemic index/load diets

were associated with higher serum HDL-C and lower CRP.

More studies are required not only to test the effects of low

glycemic index and glycemic load diets on serum lipids and

CRP, but also to determine the possible mechanisms of action.

THE GLYCEMIC INDEX AND CANCER

In recent years, the dietary glycemic index has been linked

with the risk of various cancers, including cancers of the

breast, prostate, colon, and pancreas. The suggested reason for

the apparent benefit of low glycemic index diets has been

lower postprandial hyperglycemia and hyperinsulinemia,

which reduce the promotion of transformed cells and the

resulting development and growth of tumors [59]. However,

much inconsistency is evident in the epidemiological findings.

For instance, in breast cancer, a recent meta-analysis by

Mulholland et al. [60], which looked at the effects of glycemic

index and glycemic load on the risk of breast cancer in cohort

studies, found a nonsignificant RR of 1.14 (95% CI 0.95 to

1.38) and 1.11 (95% CI 0.99 to 1.25) for premenopausal and

postmenopausal women for the lowest versus the highest

categories of glycemic index intake [60]. However, a meta-

analysis by Barclay et al. [12] showed a statistically significant

direct relationship between glycemic index and the risk of

breast cancer (RR 1.08; 95% CI 1.02 to 1.16), despite

calculating a lower RR compared with the study by Mulholland

et al. [60]. Similar conflictive findings have been published for

colorectal cancer [61,62]. In pancreatic cancer, despite a possible

role of hyperglycemia in its origin, none of the 5 cohort studies

have found a significant association with glycemic index or

glycemic load [63–67]. However, 2 meta-analyses have shown

that glycemic index and glycemic load are directly associated

with the risk of endometrial cancer [62,68]. Finally, a multi-

center, case-control study of Italian men showed that the highest

quintile of dietary GI and GL corresponds to odds ratios (ORs) of

developing prostate cancer of 1.57 (95% CI 1.19 to 2.07) and

1.41 (95% CI 1.04 to 1.89), respectively [69].

These inconsistencies may be due in part to the limited

number of studies in each area and other problems that are

inherent in cohort studies, such as consistency in calculating

accurate glycemic index and glycemic load values from food

frequency questionnaires (FFQs). It may be necessary for

future cohort studies to further adjust for additional covariates

and to possibly standardize and refine FFQs further for

calculating glycemic index and glycemic load values.

MECHANISMS OF ACTION

In general, the metabolic advantages of low glycemic index

foods are related to the rate at which glucose is absorbed from

the small intestine. Consumption of low glycemic index foods

reduces the rate of glucose absorption, which, in turn, induces

a lower rise in circulating insulin and related gastrointestinal

hormones, such as incretins, gastric inhibitory polypeptide

(GIP), and glucagon-like peptide-1 (GLP-1). This lower

postprandial but sustained insulin secretion has many advan-

tages, including longer suppression of free fatty acids and

blunting of the counterregulatory response that occurs with

high blood glucose swings. The reduction in free fatty acid

levels improves cellular glucose metabolism, with glucose

withdrawn from the circulation at a greater rate. Consequently,

blood glucose levels remain closer to baseline, despite

continued glucose absorption from the small intestine. The

peak postprandial blood glucose rise is therefore reduced,

together with the incremental blood glucose area above

baseline. This improved blood glucose control is of importance

to individuals with insulin resistance (e.g., in obese, sedentary

subjects), prediabetes, and diabetes. On the other hand, high

glycemic index diets can increase insulin secretion, which may

lead to postprandial hyperinsulinemia, possibly perpetuating a

vicious cycle with peripheral cell insulin receptor down-

regulation. Studies have shown the importance of the 30 minute

postchallenge insulin levels in predicting weight loss on low
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glycemic load diets [29,70]. Not only does hyperinsulinemia

compound the metabolic syndrome, but evidence suggests that

with each standard deviation increase in fasting insulin levels,

a 60% increase in the chance of developing ischemic heart

disease (IHD) is seen in men between the ages of 45 and 76

[71]. Furthermore, high postprandial glucose levels may

increase the risk of developing CVD [72].

The lesser studied mechanisms are those that may affect

weight loss. Hyperinsulinemia, because of its lipogenic effect,

has been linked to obesity [73]. One possible mechanism

suggests that the higher postprandial insulin response following a

high glycemic index or glycemic loadmeal may lead to a quicker

hunger response and overeating by depleting the metabolic fuels

in the body [74]. Another mechanism of action for the beneficial

effects of low glycemic index foods may be their effect on

satiety. Fifteen short-term studies have shown that low glycemic

index foods such as psyllium, guar, oatmeal, and legumes

increase satiety and decrease voluntary food intake [75].

However, additional studies are required to test these hypotheses

and determine the exact mechanisms by which low glycemic

index or glycemic load foods affect appetite control.

CONCLUSION

Despite inconsistencies in the current findings, many

observational studies support the notion that low glycemic

index diets may be protective against the risks of diabetes and

heart disease. For type 2 diabetes, clinical interventions are

also supportive of this notion, in demonstrating that low

glycemic index diets are effective in maintaining optimal

glycemic control. However, longer term interventions are still

needed. Additional long-term interventions are also required to

determine whether low glycemic index diets can enhance

weight loss or modify biomarkers of heart disease, such as

LDL particle size, HDL-C, triglycerides, and CRP. Current

findings show that low glycemic index and glycemic load diets

are more effective than low fat and high glycemic index diets

in inducing weight loss. Evidence of an inverse link between

dietary glycemic index and serum HDL-C levels is accumulat-

ing. A link between dietary glycemic index and various

cancers is also being explored. However, future cohort studies,

designed to optimally measure dietary glycemic index and

glycemic load, are required to supplement the current findings.

In diabetes and cardiovascular disease, larger RCTs, properly

powered to detect harder endpoints, including alteration in

renal function and vascular lesions (intima media thickness

[IMT], plaque thickness, and volume), are needed. Overall, a

growing body of evidence suggests that the dietary glycemic

index may be a useful tool for management of body weight and

associated chronic diseases, especially diabetes, heart disease,

and possibly cancer.

REFERENCES

1. Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H,

Baldwin JM, Bowling AC, Newman HC, Jenkins AL, Goff DV:

Glycemic index of foods: a physiological basis for carbohydrate

exchange. Am J Clin Nutr 34:362–366, 1981.

2. SalmeronJ,AscherioA,RimmEB,ColditzGA,SpiegelmanD, Jenkins

DJ, StampferMJ,Wing AL,WillettWC: Dietary fiber, glycemic load,

and risk of NIDDM in men. Diabetes Care 20:545–550, 1997.

3. Salmeron J, Manson JE, Stampfer MJ, Colditz GA, Wing AL,

Willett WC: Dietary fiber, glycemic load, and risk of non-insulin-

dependent diabetes mellitus in women. JAMA 277:472–477, 1997.

4. Schulze MB, Liu S, Rimm EB, Manson JE, Willett WC, Hu FB:

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, 2004.

5. Zhang C, Liu S, Solomon CG, Hu FB: Dietary fiber intake, dietary

glycemic load, and the risk for gestational diabetes mellitus.

Diabetes Care 29:2223–2230, 2006.

6. Thomas D, Elliott EJ: Low glycaemic index, or low glycaemic

load, diets for diabetes mellitus. Cochrane Database Syst Rev

CD006296, 2009.

7. Liu S, Willett WC, Stampfer MJ, Hu FB, Franz M, Sampson L,

Hennekens CH, Manson JE: A prospective study of dietary

glycemic load, carbohydrate intake, and risk of coronary heart

disease in US women. Am J Clin Nutr 71:1455–1461, 2000.

8. Oh K, Hu FB, Cho E, Rexrode KM, Stampfer MJ, Manson JE, Liu

S, Willett WC: Carbohydrate intake, glycemic index, glycemic

load, and dietary fiber in relation to risk of stroke in women. Am J

Epidemiol 161:161–169, 2005.

9. Ford ES, Liu S: Glycemic index and serum high-density

lipoprotein cholesterol concentration among US adults. Arch

Intern Med 161:572–576, 2001.

10. Frost G, Leeds AA, Dore CJ, Madeiros S, Brading S, Dornhorst A:

Glycaemic index as a determinant of serum HDL-cholesterol

concentration. Lancet 353:1045–1048, 1999.

11. Liu S, Manson JE, Stampfer MJ, Holmes MD, Hu FB, Hankinson

SE, Willett WC: 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, 2001.

12. Barclay AW, Petocz P, McMillan-Price J, Flood VM, Prvan T,

Mitchell P, Brand-Miller JC: Glycemic index, glycemic load, and

chronic disease risk—a meta-analysis of observational studies. Am

J Clin Nutr 87:627–637, 2008.

13. Thorne MJ, Thompson LU, Jenkins DJ: Factors affecting starch

digestibility and the glycemic response with special reference to

legumes. Am J Clin Nutr 38:481–488, 1983.

14. Atkinson FS, Foster-Powell K, Brand-Miller JC: International

tables of glycemic index and glycemic load values: 2008. Diabetes

Care 31:2281–2283, 2008.

15. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ: Global

and regional burden of disease and risk factors, 2001: systematic

analysis of population health data. Lancet 367:1747–1757, 2006.

16. Centers for Disease Control and Prevention (CDC): Behavioral

risk factor surveillance system survey data. Department of Health

and Human Services; Centers for Disease Control and Prevention.

Atlanta, Georgia: CDC, 2008.

Glycemic Index: Physiological Significance

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 443S



17. Brand-Miller JC, Holt SH, Pawlak DB, McMillan J: Glycemic

index and obesity. Am J Clin Nutr 76:281S–285S, 2002.

18. Pawlak DB, Ebbeling CB, Ludwig DS: Should obese patients be

counselled to follow a low-glycaemic index diet? Yes. Obes Rev

3:235–243, 2002.

19. Raben A: Should obese patients be counselled to follow a low-

glycaemic index diet? No. Obes Rev 3:245–256, 2002.

20. Hare-Bruun H, Flint A, Heitmann BL: Glycemic index and

glycemic load in relation to changes in body weight, body fat

distribution, and body composition in adult Danes. Am J Clin

Nutr84:871–879; quiz 952–953, 2006.

21. Thomas DE, Elliott EJ, Baur L: Low glycaemic index or low

glycaemic load diets for overweight and obesity. Cochrane

Database Syst Rev CD005105, 2007.

22. Bouche C, Rizkalla SW, Luo J, Vidal H, Veronese A, Pacher N,

Fouquet C, Lang V, Slama G: Five-week, low-glycemic index diet

decreases total fat mass and improves plasma lipid profile in

moderately overweight nondiabetic men. Diabetes Care 25:822–

828, 2002.

23. Ebbeling CB, Leidig MM, Sinclair KB, Seger-Shippee LG,

Feldman HA, Ludwig DS: Effects of an ad libitum low-glycemic

load diet on cardiovascular disease risk factors in obese young

adults. Am J Clin Nutr 81:976–982, 2005.

24. Ebbeling CB, Leidig MM, Sinclair KB, Hangen JP, Ludwig DS: A

reduced-glycemic load diet in the treatment of adolescent obesity.

Arch Pediatr Adolesc Med 157:773–779, 2003.

25. McMillan-Price J, Petocz P, Atkinson F, O’Neill K, Samman S,

Steinbeck K, Caterson I, Brand-Miller J: Comparison of 4 diets of

varying glycemic load on weight loss and cardiovascular risk

reduction in overweight and obese young adults: a randomized

controlled trial. Arch Intern Med 166:1466–1475, 2006.

26. Sloth B, Krog-Mikkelsen I, Flint A, Tetens I, Bjorck I, Vinoy S,

Elmstahl H, Astrup A, Lang V, Raben A: No difference in body

weight decrease between a low-glycemic-index and a high-

glycemic-index diet but reduced LDL cholesterol after 10-wk ad

libitum intake of the low-glycemic-index diet. Am J Clin Nutr

80:337–347, 2004.

27. Slabber M, Barnard HC, Kuyl JM, Dannhauser A, Schall R:

Effects of a low-insulin-response, energy-restricted diet on weight

loss and plasma insulin concentrations in hyperinsulinemic obese

females. Am J Clin Nutr 60:48–53, 1994.

28. Livesey G, Taylor R, Hulshof T, Howlett J: Glycemic response

and health—a systematic review and meta-analysis: relations

between dietary glycemic properties and health outcomes. Am J

Clin Nutr 87:258S–268S, 2008.

29. Ebbeling CB, Leidig MM, Feldman HA, Lovesky MM, Ludwig

DS: Effects of a low-glycemic load vs low-fat diet in obese young

adults: a randomized trial. JAMA 297:2092–2102, 2007.

30. Shaw JE, Sicree RA, Zimmet PZ: Global estimates of the

prevalence of diabetes for 2010 and 2030. Diabetes Res Clin

Pract 2009 Nov 5. [Epub ahead of print]

31. Sheard NF, Clark NG, Brand-Miller JC, Franz MJ, Pi-Sunyer FX,

Mayer-Davis E, Kulkarni K, Geil P: Dietary carbohydrate (amount

and type) in the prevention and management of diabetes: a

statement by the American Diabetes Association. Diabetes Care

27:2266–2271, 2004.

32. International Diabetes Federation (IDF): ‘‘Guideline for Manage-

ment of Postmeal Glucose.’’ Brussels, Belgium: IDF, 2009.

33. Meyer KA, Kushi LH, Jacobs DR Jr, Slavin J, Sellers TA, Folsom

AR: Carbohydrates, dietary fiber, and incident type 2 diabetes in

older women. Am J Clin Nutr 71:921–930, 2000.

34. Stevens J, Ahn K, Juhaeri, Houston D, Steffan L, Couper D:

Dietary fiber intake and glycemic index and incidence of diabetes

in African-American and white adults: the ARIC study. Diabetes

Care 25:1715–1721, 2002.

35. Hodge AM, English DR, O’Dea K, Giles GG: Glycemic index and

dietary fiber and the risk of type 2 diabetes. Diabetes Care

27:2701–2706, 2004.

36. United Kingdom Prospective Diabetes Study (UKPDS): Relative

efficacy of randomly allocated diet, sulphonylurea, insulin, or

metformin in patients with newly diagnosed non-insulin dependent

diabetes followed for three years. BMJ 310:83–88, 1995.

37. Holman RR, Cull CA, Turner RC: A randomized double-blind

trial of acarbose in type 2 diabetes shows improved glycemic

control over 3 years (U.K. Prospective Diabetes Study 44).

Diabetes Care 22:960–964, 1999.

38. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull

CA, Hadden D, Turner RC, Holman RR: Association of glycaemia

with macrovascular and microvascular complications of type 2

diabetes (UKPDS 35): prospective observational study. BMJ

321:405–412, 2000.

39. Sievenpiper JL, Kendall CW, Esfahani A, Wong JM, Carleton AJ,

Jiang HY, Bazinet RP, Vidgen E, Jenkins DJ: Effect of non-oil-

seed pulses on glycaemic control: a systematic review and meta-

analysis of randomised controlled experimental trials in people

with and without diabetes. Diabetologia 52:1479–1495, 2009.

40. Brand-Miller J, Hayne S, Petocz P, Colagiuri S: Low-glycemic

index diets in the management of diabetes: a meta-analysis of

randomized controlled trials. Diabetes Care 26:2261–2267, 2003.

41. Wolever TM, Gibbs AL, Mehling C, Chiasson JL, Connelly PW,

Josse RG, Leiter LA, Maheux P, Rabasa-Lhoret R, Rodger NW,

Ryan EA: The Canadian Trial of Carbohydrates in Diabetes (CCD),

a 1-y controlled trial of low-glycemic-index dietary carbohydrate in

type 2 diabetes: no effect on glycated hemoglobin but reduction in C-

reactive protein. Am J Clin Nutr 87:114–125, 2008.

42. Jenkins DJ, Kendall CW, McKeown-Eyssen G, Josse RG,

Silverberg J, Booth GL, Vidgen E, Josse AR, Nguyen TH,

Corrigan S, Banach MS, Ares S, Mitchell S, Emam A, Augustin

LS, Parker TL, Leiter LA: Effect of a low-glycemic index or a

high-cereal fiber diet on type 2 diabetes: a randomized trial.

JAMA 300:2742–2753, 2008.

43. Nissen SE, Wolski K: Effect of rosiglitazone on the risk of

myocardial infarction and death from cardiovascular causes. N

Engl J Med 356:2457–2471, 2007.

44. Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT,

Buse JB, Cushman WC, Genuth S, Ismail-Beigi F, Grimm RH Jr,

Probstfield JL, Simons-Morton DG, Friedewald WT: Effects of

intensive glucose lowering in type 2 diabetes. N Engl J Med

358:2545–2559, 2008.

45. Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward

M, Marre M, Cooper M, Glasziou P, Grobbee D, Hamet P, Harrap

S, Heller S, Liu L, Mancia G, Mogensen CE, Pan C, Poulter N,

Rodgers A, Williams B, Bompoint S, de Galan BE, Joshi R,

Travert F: Intensive blood glucose control and vascular outcomes

in patients with type 2 diabetes. N Engl J Med 358:2560–2572,

2008.

Glycemic Index: Physiological Significance

444S VOL. 28, NO. 4



46. Mente A, de Koning L, Shannon HS, Anand SS: A systematic

review of the evidence supporting a causal link between dietary

factors and coronary heart disease. Arch Intern Med 169:659–669,

2009.

47. van Dam RM, Visscher AW, Feskens EJ, Verhoef P, Kromhout D:

Dietary glycemic index in relation to metabolic risk factors and

incidence of coronary heart disease: the Zutphen Elderly Study.

Eur J Clin Nutr 54:726–731, 2000.

48. Tavani A, Bosetti C, Negri E, Augustin LS, Jenkins DJ, La Vecchia

C: Carbohydrates, dietary glycaemic load and glycaemic index, and

risk of acute myocardial infarction. Heart 89:722–726, 2003.

49. Levitan EB, Mittleman MA, Hakansson N, Wolk A: Dietary

glycemic index, dietary glycemic load, and cardiovascular disease

in middle-aged and older Swedish men. Am J Clin Nutr 85:1521–

1526, 2007.

50. Castelli WP, Garrison RJ, Wilson PW, Abbott RD, Kalousdian S,

Kannel WB: Incidence of coronary heart disease and lipoprotein

cholesterol levels. The Framingham Study. JAMA 256:2835–

2838, 1986.

51. Levitan EB, Cook NR, Stampfer MJ, Ridker PM, Rexrode KM,

Buring JE, Manson JE, Liu S: Dietary glycemic index, dietary

glycemic load, blood lipids, and C-reactive protein. Metabolism

57:437–443, 2008.

52. Ridker PM, Hennekens CH, Buring JE, Rifai N: C-reactive protein

and other markers of inflammation in the prediction of

cardiovascular disease in women. N Engl J Med 342:836–843,

2000.

53. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM: C-

reactive protein, interleukin 6, and risk of developing type 2

diabetes mellitus. JAMA 286:327–334, 2001.

54. Maki KC, Rains TM, Kaden VN, Raneri KR, Davidson MH:

Effects of a reduced-glycemic-load diet on body weight, body

composition, and cardiovascular disease risk markers in over-

weight and obese adults. Am J Clin Nutr 85:724–734, 2007.

55. LaHaye SA, Hollett PM, Vyselaar JR, Shalchi M, Lahey KA, Day

AG: Comparison between a low glycemic load diet and a Canada

Food Guide diet in cardiac rehabilitation patients in Ontario. Can J

Cardiol 21:489–494, 2005.

56. Pereira MA, Swain J, Goldfine AB, Rifai N, Ludwig DS: Effects

of a low-glycemic load diet on resting energy expenditure and

heart disease risk factors during weight loss. JAMA 292:2482–

2490, 2004.

57. de Rougemont A, Normand S, Nazare JA, Skilton MR, Sothier M,

Vinoy S, Laville M: Beneficial effects of a 5-week low-glycaemic

index regimen on weight control and cardiovascular risk factors in

overweight non-diabetic subjects. Br J Nutr 98:1288–1298, 2007.

58. Kelly S, Frost G, Whittaker V, Summerbell C: Low glycaemic

index diets for coronary heart disease. Cochrane Database Syst

Rev CD004467, 2004.

59. Brand-Miller JC: Glycemic load and chronic disease. Nutr Rev

61:S49–S55, 2003.

60. Mulholland HG, Murray LJ, Cardwell CR, Cantwell MM: Dietary

glycaemic index, glycaemic load and breast cancer risk: a

systematic review and meta-analysis. Br J Cancer 99:1170–1175,

2008.

61. Mulholland HG, Murray LJ, Cardwell CR, Cantwell MM:

Glycemic index, glycemic load, and risk of digestive tract

neoplasms: a systematic review and meta-analysis. Am J Clin

Nutr 89:568–576, 2009.

62. Gnagnarella P, Gandini S, La Vecchia C, Maisonneuve P:

Glycemic index, glycemic load, and cancer risk: a meta-analysis.

Am J Clin Nutr 87:1793–1801, 2008.

63. Michaud DS, Liu S, Giovannucci E, Willett WC, Colditz GA,

Fuchs CS: Dietary sugar, glycemic load, and pancreatic cancer risk

in a prospective study. J Natl Cancer Inst 94:1293–1300, 2002.

64. Johnson KJ, Anderson KE, Harnack L, Hong CP, Folsom AR: No

association between dietary glycemic index or load and pancreatic

cancer incidence in postmenopausal women. Cancer Epidemiol

Biomarkers Prev 14:1574–1575, 2005.

65. Silvera SA, Rohan TE, Jain M, Terry PD, Howe GR, Miller AB:

Glycemic index, glycemic load, and pancreatic cancer risk

(Canada). Cancer Causes Control 16:431–436, 2005.

66. Patel AV, McCullough ML, Pavluck AL, Jacobs EJ, Thun MJ,

Calle EE: Glycemic load, glycemic index, and carbohydrate intake

in relation to pancreatic cancer risk in a large US cohort. Cancer

Causes Control 18:287–294, 2007.

67. Heinen MM, Verhage BA, Lumey L, Brants HA, Goldbohm RA,

van den Brandt PA: Glycemic load, glycemic index, and

pancreatic cancer risk in the Netherlands Cohort Study. Am J

Clin Nutr 87:970–977, 2008.

68. Mulholland HG, Murray LJ, Cardwell CR, Cantwell MM: Dietary

glycaemic index, glycaemic load and endometrial and ovarian

cancer risk: a systematic review and meta-analysis. Br J Cancer

99:434–441, 2008.

69. Augustin LS, Galeone C, Dal Maso L, Pelucchi C, Ramazzotti V,

Jenkins DJ, Montella M, Talamini R, Negri E, Franceschi S, La

Vecchia C: Glycemic index, glycemic load and risk of prostate

cancer. Int J Cancer 112:446–450, 2004.

70. Chaput JP, Tremblay A, Rimm EB, Bouchard C, Ludwig DS: A

novel interaction between dietary composition and insulin

secretion: effects on weight gain in the Quebec Family Study.

Am J Clin Nutr 87:303–309, 2008.

71. Despres JP, Lamarche B, Mauriege P, Cantin B, Dagenais GR,

Moorjani S, Lupien PJ: Hyperinsulinemia as an independent risk

factor for ischemic heart disease. N Engl J Med 334:952–957,

1996.

72. Levitan EB, Song Y, Ford ES, Liu S: Is nondiabetic hyperglyce-

mia a risk factor for cardiovascular disease? A meta-analysis of

prospective studies. Arch Intern Med 164:2147–2155, 2004.

73. Cusin I, Rohner-Jeanrenaud F, Terrettaz J, Jeanrenaud B:

Hyperinsulinemia and its impact on obesity and insulin resistance.

Int J Obes Relat Metab Disord 16(suppl 4):S1–S11, 1992.

74. Ludwig DS: The glycemic index: physiological mechanisms

relating to obesity, diabetes, and cardiovascular disease. JAMA

287:2414–2423, 2002.

75. Ludwig DS: Dietary glycemic index and obesity. J Nutr

130:280S–283S, 2000.

Received November 13, 2009.

Glycemic Index: Physiological Significance

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 445S


