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Abstract: The glycemic index (GI) refers to impact of the ingestion of carbohydrate-containing foods on blood sugar
concentrations. High-GI foods increase blood glucose levels more and for a longer time, than those with low GIs. It appears that those who adopt a low-GI diet have a reduced risk of heart disease, type 2 diabetes mellitus, and obesity. Carbohydrate-containing foods on a low-GI diet include an abundance of fruits and vegetables, lesser amounts of grains including whole grains, and dairy products; those rich in sugar are to be consumed sparingly. Despite tasting sweet, raisins
have a low-to-moderate GI (50-64). Raisins can be substituted for other high-GI snack foods, as well as serve as preexercise snacks. Thus, those wishing to adopt a low-GI diet should consider raisins as a healthy fruit serving to be used as
a snack or with a meal.
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INTRODUCTION
As one ages, diet plays an important role in determining
the risk of chronic diseases such as cardiovascular disease
(CVD), type 2 diabetes mellitus, and obesity [1]. Although
the ideal diet to consume over a lifetime is debatable, most
agree that consuming an energy-dense Western diet that is
rich in fat, low in fiber, and devoid of many essential nutrients is not healthy [1]. An international panel of experts
identified seven evils of this type of diet and found a high
glycemic index (GI) to be one of them. In this review, data
are presented to support consumption of a low-GI diet to
maintain health. How to follow a low-GI diet, which includes raisins, is provided. The emphasis on this dried fruit
arose because some researchers questioned whether raisins,
given their sweet flavor, have low-GIs like other fruits. In
addition, many snack foods have high GIs, which poses a
unique problem. Instead of tiding one over between meals,
such foods end up stimulating appetite (see below). Raisins
are reviewed herein because they offer both a sweet, snacklike flavor and have a low GI.

A is the integrated increase in blood glucose concentration during a two-hour period after a known quantity of ingested available carbohydrate (usually 50 grams)
B is the integrated increase in blood glucose concentration during a two-hour period after a known quantity of a
reference food is ingested (50 grams of glucose or white
bread)
The GIs of foods typically range from 20 to 100 (Table
1) [5]. Other dietary components such as fiber and fat decrease the expected GI. Some foods have virtually no glycemic effect like meats, oils, and non-starchy vegetables. A
low-GI diet predominately includes low-GI foods and some
middle-GI foods like rice; high-GI foods like sugared carbonated beverages should be used sparingly. When middleGI and high-GI foods are consumed, it is best to spread them
out throughout the day or to consume with low-GI foods to
avoid surges in both blood glucose and insulin concentrations.
Table 1.

The Glycemic Index of Food Per 50 Gram of Available Carbohydrate*

DEFINITION
The GI concept was set forth in the early 1980s as a way
for researchers to better control blood sugar fluctuations during the day in patients with diabetes [2, 3]. The GI relates to
the rate at which recently ingested available (non-fiber)
carbohydrates appear in the blood as glucose. The test has
been validated by an international group of researchers using
only capillary blood, thereby facilitating measuring the GI of
many foods [4]. To date, over 1,000 foods have been measured.
The GI is expressed as a percentage: A/B * 100 where
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FOOD

GLYCEMIC INDEX (based on glucose)

Peanuts

14

Lentils

30

Macaroni

47

RAISINS

50^, 62^, 64

Banana

52

Rice, boiled white

64

Whole meal bread

71

Pretzels

83

Baked potato

85

Corn flakes

92

*[5]; ^[49].
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Using the GI in meal planning is problematic because the
GI is based on 50 grams of available carbohydrate, which is
not usually the amount consumed in a typical serving. Researchers came up with a new term called the glycemic load
(GL) [6-8]. This takes into account the effect on blood sugar
levels of a typical serving of a food. The sum of all of the
GLs in a day can then determine the overall glycemic effect
(Table 2). The dietary GI can also be computed by summing
the GIs of the foods consumed in a single day. The glycemic
load is calculated:

Regular consumption of high-GI meals can precipitate insulin resistance, because the pancreas is called upon to secrete
supra-normal amounts of insulin over a long period of time.
The pancreas eventually becomes exhausted, and over time,
is unable to secrete ample insulin to meet demand. This is
thought to be one of the precipitating factors leading to type
2 diabetes.

The GL and GI often trend in the same direction, but not
always. For example, carrots have a high GI (71) but a low
GL (4) [9]. The difference stems from the fact that the GI is
calculated from 50 g of available carbohydrate from carrots,
which is four cups. A typical serving of carrots is about onehalf cup. Carrots are high in fiber and water, which contribute to weight but do not affect blood sugar concentrations.
Fruits are also rich in fiber and water and thus have higher
GIs than GLs. For this reason, the GL has also been adopted
by nutritionists for meal planning and research studies.

During the second phase between two and four hours, the
blood is nearly devoid of nutrients. As a result, small
amounts of glucagon are released to counter act the high
insulin concentrations. Blood glucose levels continue to fall
and the brain, which uses glucose as its primary fuel, senses
the lack of this substrate. In addition, free fatty acids are also
suppressed, which is the body’s other major fuel source.
These physiologic situations are equated to hunger. In the
final phase after four to six hours, the counter regulatory
hormones (e.g., glucagon, growth hormone) are released in
full force, in an attempt to release stored energy from glycogen (glucose) and adipocytes (fat). As long as insulin concentrations remain elevated, substrate release is blunted and
hunger remains. It is possible that long-term consumption of
a high-GI diet leads to chronic hyperinsulinemia and insulin
resistance. Eventually, beta cell failure occurs from the diet
and genetic and lifestyle factors, leading to type 2 diabetes.

PHYSIOLOGICAL EFFECTS

EFFECT OF GLYCEMIC INDEX OF THE DIET ON
HEALTH

A * B/100, where
A is the glycemic index of a food (%)
B is the grams of available carbohydrate in that food

High GI foods evoke a higher response in glucose and
insulin concentration after ingestion compared to foods with
low-GIs. A low-GI food or meal does not induce such dramatic hormonal and blood sugar swings. Most low-GI foods
take longer to digest and absorb, thereby minimizing hyperglycemia and hyperinsulinemia. Hunger is avoided because
stored substrates can readily be mobilized to meet energy
needs. The physiological responses to consuming foods with
different GIs can be considered in three phases [9, 10].
Within two hours of ingesting a high-GI food or meal, a
surge in both blood glucose and insulin occurs. Blood levels
of these are twice what would occur after consumption of a
eucaloric, low-GI food or meal. Insulin is an anabolic hormone, which stimulates substrate storage of fat into adipocytes and carbohydrate into muscle and liver glycogen.
Table 2.

Satiety
The GI of the diet affects hunger and satiety [10, 11].
Consumption of high-GI foods promotes a more rapid return
of hunger than an isocaloric amount of low-GI foods because
a rapid decline in blood glucose from peak levels occurs consistently after consumption of high-GI foods as a result of
the extreme counterregulatory hormonal responses that are
activated to normalize high levels of circulating glucose
[11]. Over 20 articles have evaluated the effect of dietary GI
on satiety and hunger [10, 11]. The lower the GI, the earlier
someone feels full (satiation) and the less sensation of hunger there is between meals. On average, including just one
low-GI meal resulted in consuming 20% fewer calories during that day. Eating all meals from low-GI foods over six

Glycemic Index and Glycemic Loads of Selected Food Groups*

FOOD CATEGORY
(sample serving size)

GLYCEMIC INDEX
(compared to glucose and based on 50 g
available carbohydrate)

GLYCEMIC LOAD
(based on typical serving size and glycemic
index)

Dairy products (1 cup of milk)

20-40

<10

Vegetables; non-starchy

Insignificant

Insignificant

Vegetables; starchy (1/2 cup potato)

60-90

10-25

Legumes, nuts ( most legumes 2/3 cup)

25-45

< 5 to 15

Fruits (1/2 cup strawberries)

30-60

5-15

RAISINS

50^, 62^, 64

Sugary, carbonated beverages (1 cup)

63

16

Snack foods; salty, sweet, high-fat (highly variable)

>50

10-25^

*[5]; ^[49].
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days resulted in a 25% reduction in total spontaneous energy
intake [12, 13]. However, others [14] were not able to confirm that high- or low-GI foods had any effect on appetite.
Weight
The GI or GL of the diet has been shown to have a profound impact on obesity [15]. The GL of the diet rose 22%
between 1980 and 1990 in the United States. During that
same time, the percentage of overweight women increased
by 38%. Whether these two things are causal is not known;
41% of women stopped smoking during the same period,
which also could explain some of the weight gain.
Adolescents who adhered to a low-GI diet experienced
weight loss over four months in one study, and in one year in
another [16, 17]. In both studies, those assigned to the lowGI group had no constraints imposed on energy intake; the
control group (low-fat, high-GI) had such a restriction. Paradoxically, the low-GI group ate fewer calories (1,439 kcal
vs. 1,621 kcal) and complained less of hunger, than the lowfat, high-GI group [17].
Even substituting one meal (breakfast) with low-GI food
choices can lower fasting blood glucose levels and improve
satiety throughout the day in overweight and obese adult
subjects [18]. Other investigators have seen decreases in
serum leptin levels in response to a low-GI diet, but not to a
high-GI diet. High leptin levels are associated with hyperinsulinemia and obesity [19]. Leptin may be considered to be a
surrogate marker of obesity, because it is an adipose-derived
factor that acts in the hypothalamus to depress resting energy
expenditure. Resting energy expenditure declined significantly less (P = 0.04) when a low-GI diet was consumed,
compared to one with a high-GI [12]. All of these findings
suggest that a low-GI diet appears to be of benefit for those
trying to lose weight.
Despite these promising results, others failed to show any
benefit of a low-GI diet on weight loss compared to a typical, low-fat, high-GI heart-healthy diet [20-23]. Regardless
of the effect of a low-GI diet on weight loss, it is clear that
adopting one improves overall the overall nutrient quality of
the diet [24, 25]. After just six days of consuming a low-GI
diet, the total antioxidant capacity of the blood increased
[26]. Despite no change in the standard markers of disease
(e.g., blood sugar or cholesterol levels), the early change in
total antioxidant capacity can be considered a surrogate for
the cascade of metabolic events linking dietary GI to risk of
heart disease and diabetes. Healthy, nutrient-dense, low-fat
foods for the most part have low-GIs. Such foods should
provide the majority of the energy for anyone trying to lose
weight, or maintain weight that was recently lost.
Type 2 Diabetes
Most of the studies evaluating the effect of a low-GI/GL
diet on health were conducted in patients with or at risk of
type 2 diabetes. Epidemiological data in healthy women [27]
and men [28] showed that dietary GL was related to disease
risk and surrogate markers of disease process. For men, levels of adiponectin were 18% lower for the group who consumed the lowest GL diet compared to those who consumed
the highest. Adiponectin is a cytokine secreted by adipose
tissue and provides a target for treating cardiovascular complications in diabetic patients [28]. For women, a high-GL,
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low-fiber diet increased the risk of type 2 diabetes over twofold compared to those who ate a low-GL diet with little
dietary fiber [27]. This risk was significant after adjustment
for age, body mass index, smoking, physical activity, family
history of diabetes, alcohol, and total energy intake. Another
study found that just eating a high-fiber diet was a better
predictor than dietary GI of who would develop insulin resistance and hence, diabetes [29]. Interestingly, older individuals (70-80 years of age) did not appear to reap the same
benefit in mitigating disease risk as younger individuals following a low-GI diet. Nevertheless, it appears that adopting
a low-GI diet early in life reduces the risk of developing type
2 diabetes.
Based on a meta-analysis, patients who have type 2 diabetes, choosing low-GI foods instead of high GI ones, had a
small, but clinically useful effect on glycemic control [30].
The low-GI diet was associated with a 7.4 percent reduction
in HbA1c. This benefit mimics outcomes of some pharmacological approaches. Later it was shown that patients with
type 2 diabetes (n=210), who followed a low-glycemic load
diet for six months, also experienced a significant decrease
in HbA1c and an increase in high-density lipoprotein (HDL)
cholesterol [31]. In the same study, another group of patients
was randomized to a high-fiber, cereal-based diet. That
group did not experience these beneficial changes, suggesting that the low-glycemic diet has unique properties. A longterm (12 months) study in 162 patients with type 2 diabetes
consumed either a high-carbohydrate, low-GI diet, or a lowcarbohydrate diet [32]. Those in the high-carbohydrate, lowGI diet experienced improvement in beta cell function, a
positive finding for those with diabetes [32]. These studies
seem to suggest that the low-GI diet offers unique benefits
which make it a better choice for patients with diabetes over
either avoiding all carbohydrates or eating a high-fiber diet
from cereal sources.
Many researchers found that the dietary GI and GL has a
positive effect on lowering the risk of diabetes [33]. Unlike
the findings of Wolever [32], others [33] have found that a
higher intake of cereal fiber has been consistently associated
with lower diabetes risk. For patients with, or at risk of diabetes, replacement of high-GI carbohydrates with low-GI
ones will improve glycemic control. Among patients treated
with insulin, a low-GI diet will reduce hypoglycemic episodes. Small dietary changes include replacing white flour
and potatoes with whole-grain, minimally-refined cereal
products. Limiting high-GI foods and increasing intake of
low-GI ones is also important. These same dietary changes
also reduce cardiovascular disease risk.
Cardiovascular Disease
The American Heart Association (AHA) recommends a
low-fat, high-carbohydrate diet to reduce the risk of cardiovascular disease (CVD), and for those with CVD, to help
manage it. However, this diet has a high -GI, which may be
cause for concern [24, 25, 34]. Higher postprandial blood
glucose and insulin levels found in a high-GI diet may affect
the risk of CVD [9]. Possible mechanisms as to why a highGI diet increases the risk of CVD include: postprandial hyperglycemia, hyperinsulinemia, hypertriglyceridemia, and
high low-density lipoprotein levels.
A meta-analysis consisting of 16 studies showed that
adopting a low-GI diet was associated with significantly
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lower total cholesterol concentrations (P < 0.0001) and a
trend to lowering low-density lipoprotein (LDL) cholesterol
(P = 0.06) [35]. No changes were observed in HDL cholesterol or triglyceride levels. Admittedly these are surrogate
markers of disease, but epidemiological data support a role
for a low-GI diet in reducing the risk of CVD. Between the
lowest and highest quintile for overall dietary GL, the risk of
CVD doubled in women, suggesting a relationship between
high dietary GL and CVD risk, independent of known coronary risk factors [36]. This significant risk (P trend < 0.0001)
was established after adjustment for age, smoking status, and
total energy intake. Classifying carbohydrates merely according to simple or complex did not yield these same significant findings. A subset of these women had C-reactive
protein (CRP) concentration data available. CRP increased at
each quintile increase of dietary GL. When coupled with
increasing body mass indexes (BMIs), the positive relationship between CRP and risk of CVD became stronger, showing that obese individuals may gain further benefit from a
low-GI diet compared to those of normal weight.
A subsequent study from the same laboratory found
slightly different results [37]. Dietary GL was a stronger
predictor of HDL cholesterol and LDL:HDL cholesterol ratio than dietary GI in a group of normal-weight, middle-aged
and older women. However, dietary GI was associated with
LDL cholesterol and CRP concentrations. In this group of
middle-aged and older women, dietary GL and GI appeared
to be more influential in reducing CVD risk in normal
weight women, rather than ones who are overweight, as previously shown [36, 37]. More work is needed to tease out
these conflicting results in women.
Even within six days, the GI effect on CVD risk can be
ascertained [13]. Healthy subjects (12 overweight males)
were randomized to a low-GI or a high-GI diet (the AHA
diet), and then crossed over to the other regimen. During the
AHA diet, the HDL-cholesterol decreased, which worsened
the total cholesterol/HDL-cholesterol ratio – a risk factor for
CVD. Serum triglycerides increased by 28%. In contrast,
during the low-GI phase, serum triglycerides decreased 35%,
peak particle LDL cholesterol size increased by 1.6%, and
plasma insulin levels were lower for fasting and during the
day measurements. These changes reduced CVD risk.
Other longer studies lasting 10 weeks [38], 12 weeks
[39], or one year [40], corroborated these aforementioned
Table 3.

short-term results – a low-GI diet has a beneficial effect on
reducing CVD risk and the AHA diet does not. However,
recently, others found no differences between feeding overweight and obese men at risk of CVD disease a low- vs.
high-GI diet, so clearly more work in this area is needed before changes are made to the existing AHA dietary recommendations [41].
Other Conditions
A comprehensive meta-analysis revealed that dietary GI
was positively related to colorectal and endometrial cancer
risk, but that other types (i.e., breast, pancreatic) were not
associated with it [42]. It is possible the differences are related to the limited number of studies or calculation accuracy
of GI [43]. Others found that age-related maculopathy
(ARM) was related to the dietary GI, but not to total carbohydrate intake [44]. The risk of developing ARM doubled
between the lowest and highest tertile for dietary GI. However, dietary GL did not appear to be related to the risk of
cataracts in men and women who were followed for over ten
years [45]. There appears to be some benefit for exercise; a
low-GI meal seemed to facilitate the uptake of fatty acids
into the muscles, to theoretically improve endurance [46].
However, the GI of breakfast cereal was found to vary depending upon the fitness level [47]. The same test cereal
produced higher GIs in sedentary, young males compared to
endurance-trained male athletes. More work is needed to see
if these same results are true of women and the elderly.
RAISINS: DO THEY FIT INTO A LOW-GI DIET?
Admittedly there is some disagreement among the various studies as whether a low-GI diet reduces the risk of obesity, CVD, and diabetes, or if it is the optimal diet if one already has one of these conditions. Adopting a low-GI diet
can provide a healthy, nutrient-dense, low-fat, and satisfying
diet (Table 3) [48]. The diet is rich in fruits and vegetables,
has ample protein from dairy, vegetarian and meat sources,
and has modest amount of whole grains; sugar-laden foods
are kept to a minimum. Such a diet is suitable for those who
want to maintain good health and for those with chronic
conditions such as type 2 diabetes and heart disease.
Fruit should be consumed twice a day on a low-GI diet,
and one serving can come from raisins. Based on the National Health & Nutrition Examination Survey (NHANES)

An Example of a Diet with a Low Glycemic Index

FOOD GROUP

NUMBER OF SERVINGS PER DAY

GLYCEMIC RATING*

Dairy products

2 to 3

Low

Non-starchy vegetables

Unlimited

Low

Protein (meats and vegetarian sources including legumes, nuts,
seeds)

One serving at each meal to yield 60-100 g dietary
protein per day

Low

Fruits including raisins

2, of which one can be raisins

Low-intermediate

Starchy vegetables, whole grains

6-10

Intermediate

Refined carbohydrates from carbonated beverages, pastries,
donuts, salty snacks, candy

Keep to a minimum

High

*Low < 70; Intermediate 70-90; and High > 90.

Glycemic Index and Raisins Review
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1999-2004 data base, individuals who regularly consumed
1/8 cup of raisins had higher nutrient intakes of most essential nutrients, weighed less, and had smaller waist circumferences compared to those who do not consume raisins regularly [49]. Thus, including raisins in the diet may improve its
overall quality.

ance over conventional pre-exercise snacks. However, these
results do not support this contention. Thus, there appears to
be a role for using raisins, which were equally effective and
less costly, than sports gels.

Some may worry that since raisins are so sweet that they
will have a high GI. However, this is not the case. Recently
the GI was determined to be low ( 55) for healthy subjects
and for those with prediabetes [50]. For trained athletes, the
measured GI was considered moderate (GI=55-69). Others
have found raisins to have a moderate GI as well (GI=64)
[5]. The insulin response to raisins was low-to-moderate in
healthy and patients with prediabetes, but it was 2.5-fold
lower in trained athletes. Most athletes have enhanced insulin sensitivity and are better able to dispose of glucose than
untrained individuals, so these results were expected.

The typical American diet has a high-GI, which has been
associated with poor satiety, weight gain, and a risk of
chronic diseases such as type 2 diabetes and CVD. Adopting
a low-GI diet provides all essential nutrients and reduces
these risks. Snacking is particularly difficult because most
snack foods have high GIs. Raisins have low-to-moderate
GIs, and one box (1.5 ounces) is considered a serving of
fruit. They are not cariogenic or foster inappropriate weight
gain in children when used as a snack. Thus, raisins can be
included as part of a low-GI diet.

Despite the slightly higher insulin response seen in
healthy individuals and in those with prediabetes, there appears to be little cause for concern for eating raisins [51]. In
patients with type 2 diabetes, and thus poor insulin sensitivity, including raisins as part of a healthy, low-GI diet lead to
health improvements. The patient education on how to follow a low-GI diet appeared to be simple. After nine weeks,
the patients ate a better diet (lower in GI, lower fat, higher
fiber), lost weight and abdominal fat, and experienced favorable changes in metabolic parameters (fasting blood glucose,
fructosamine, insulin sensitivity factor) compared to not following a low-GI diet. As part of the low-GI diet, the subjects
focused on eating more fruit by including dried fruits like
raisins. Thus, inclusion of raisins as part of a low-GI diet for
patients with type 2 diabetes did not negatively affect insulin
function or glycemic response. Whether these same benefits
are seen in obesity or in patients with CVD is unknown.

Dr. Bell is a nutritional consultant to the California Raisin Marketing Board, who funded preparation of this manuscript.
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