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B Abstract

The large increase in type 2 diabetes (T2DM), the consider-
able lifetime risk of diabetes and the loss of lifetime call for
concerted action to prevent T2DM and its complications.
Since diabetes is characterized by abnormal glucose metabo-
lism, the question arises of whether a high intake of carbo-
hydrates that are rapidly absorbed as glucose may increase
the risk and worsen the course of T2DM. To quantify the
impact of carbohydrates on blood glucose the glycemic in-
dex (GI) and the glycemic load (GL) have been applied. The
GI of a food is a method of ranking carbohydrate rich foods
according to their glycemic responses. GI is defined as the
incremental area under the blood glucose curve of 50g car-
bohydrate of a test food expressed as a percentage of the
area of the response to an equivalent amount of a reference

food (glucose or white bread). In trelation to GI/GL and
prevention of T2DM there is insufficient information from
observational studies to determine whether a positive asso-
ciation exists or not. Only randomized controlled clinical
intervention studies will be able to provide the final answer.
From meta-analyses of randomised controlled clinical trials
comparing low and high GI diets in the treatment of diabe-
tes it has been found that low GI diets improve the glycemic
control. Labeling of foods with GI would be helpful for per-
sons with diabetes, but the usefulness for healthy subjects
remains to be clarified. At present it seems premature to in-
troduce GI labeling for the entire population.
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Introduction

Qoth genetic and environmental factors contribute
J to the development of type 2 diabetes (T2DM).
The two major pathogenetic factors involved in
glucose metabolism and ultimately leading to overt
diabetes are insulin resistance and abnormal beta cell
function.

T2DM accounting for about 90% of diabetes
mellitus worldwide has become an epidemic during
recent years. It is estimated to have affected more than
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150 million people worldwide in 2000 and furthermore
it is estimated that this number will increase to about
300 million by 2025 [1, 2]. The largest increase in
T2DM is taking place in the developing countries of
Asia, South America and Africa [3]. For Caucasians
born in 2000 in the United States, the estimated
lifetime risk of getting diabetes is 33% for men and
39% for women [4]. The risk among minority pop-
ulations, e.g. Hispanic Americans is, however even
higher [4]. In Denmark a population based survey
from 2000 in 30 to 60-year-old people living in
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Copenhagen has shown a prevalence of diabetes
varying between 0.7 and 15.8% increasing with in-
creased body mass index (BMI), inactivity and age [5].

T2DM is associated with increased mortality
especially attributable to cardiovascular disease such as
ischemic heart disease (IHD) [6]. Age-adjusted mor-
tality is 1.5-2.5 times higher than in the general
population [6]. The excess mortality leads to large
reductions in life expectancy. Based on the National
Health interview Survey (1984-2000) it is estimated
that if an individual born in 2000 is diagnosed diabetic
at age 40 years, men will loose 11.6 life-years and
women 14.3 life-years in average [4].

T2DM 1is one of the biggest challenges facing
public health in the 215t century. The large increase in
T2DM diabetes, the lifetime risk of diabetes and life-
years lost call for concerted action to prevent T2DM
and its complications. Beyond the consequences for
the health and well-being of individuals, epidemic
diabetes imposes a considerable economic burden on
societies.

Among risk factors for T2DM, factors of inherent
or developmental origin are not modifiable by diet
and/or lifestyle changes, these include genetic factors,
race/ethnicity, a positive family history, age and gen-
der. However, a number of modifiable risk factors play
a pivotal role in the development of T2DM. Over-
weight and obesity are the main drivers of T2DM. The
relative risk of developing T2DM is increased 39-fold
for people with a BMI of between 30-35, as compared
to a BMI of 23 [7]. Profound changes in the quality,
quantity and source of food consumed combined with
sedentary lifestyles also play important roles for the
increasing incidence of T2DM. A number of long-term
intervention studies have demonstrated that weight
loss, diet and/or exercise can lead to a pronounced
reduction in the incidence of diabetes [8-10].

Since diabetes is characterized by abnormal glucose
metabolism, the question arises if a high intake of
carbohydrates that are rapidly absorbed as glucose may
increase the risk and worsen the course of T2DM. To
quantify the impact of carbohydrates on blood glucose
the glycemic index (GI) and the glycemic load (GL)
have been applied.

The present report focuses on the possible risk of
developing T2DM for subjects on high GI or high GL
diets. Furthermore, we look at the relevance and utility
of the GI concept in short- to medium-term inter-
vention studies in T2DM regarding the glycemic
control. Finally, the application of GI in dietary recom-
mendations and dietary counselling in T2DM is briefly
discussed.
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The concept of glycemic index (GI) and
glycemic load (GL)

Jenkins ez al. [11] introduced the glycemic index
(GI) concept in 1981. It is a classification of the blood
glucose-raising potential of carbohydrate foods. It is
defined as the incremental area under the blood
glucose curve (IAUC) of 50g carbohydrate of a test
food expressed as a percentage of the response to 50g
carbohydrate of a reference food [11] i.e. TAUCtest/
IAUCreference) x 100 where IAUC equals the sum of
the positive areas above basal whereas negative areas
are not included. The concept of the GI can be applied
not only to foods but also to whole meals or diets.
However, various groups have used different duration
times (1.5-3.0 h) for IAUC as well as different
reference foods (glucose or white bread) and blood
sampling techniques (venous or capillary blood). This
inconsistency makes a direct comparison of results
from different research groups difficult. The definition
and methodology given by FAO/WHO in an expert
report can, however, be used as an international
standard [12] to reduce intetlaboratory variations [13].
FAO/WHO recommend that to deter-mine the GI of
a food, tests should be repeated in 6 or more subjects
[12], which probably is much too low a number
considering the large variation within and between
people [13]. 50g carbohydrate portions of test foods
should be compared with 50g carbohydrate portion of
a standard food which can be either glucose or white
bread [12]. If glucose is the standard, (ie. GI of
glucose = 100), the GI of various foods are lower than
if white bread is the standard by a factor of 1.38,
because the glycemic response of glucose is 1.38 times
that of white bread [12]. The observation period that
should apply is not clearly defined, however, in the
illustration of calculation of incremental area under the
blood glucose curve in healthy subjects, a 120 min
period was applied [12].

A number of human and food related factors
contribute to the variations in values given for the
same foods in international tables [14, 15]. In persons
both intra as well as inter individual variations con-
tribute to differences in GI values. For type 2 diabetic
subjects the day-to-day variation of blood glucose
varies between 15-25% [16, 17]. Also many food
factors are important determinants for the GI [18-22].
The proportion of fat, protein and carbohydrate may
influence the glycemic responses of foods or meals.
Fat reduces the blood glucose responses by slowing
the gastric emptying, and large amounts of protein, e.g.
milk protein, stimulates the insulin secretion and
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consequently can reduce the blood glucose responses
[23]. Also particle sizes as well as the amount of starch
play an important role in the size of the glycemic
response and GI. The higher proportion of amylose
vs. amylopectin in starch, the lower blood glucose
response occurs [24]. The processing and storage of
foods have an essential influence on their GI [20, 22].
Ripening of fruits e.g. bananas decreases the amount
of resistant starch and increases the blood glucose
response [25]. Also the eating time, composition and
GI of a previous meal [26] as well as the size and meal
frequency [27] influences the glycemic response to the
same meal or food. Since the glucose responses
depend both on the quantity and the quality of
carbohydrates, the concept of glycemic load (GL) was
introduced in 1997 [28, 29].

GL is calculated as the amount of carbohydrate
multiplied by its GI, to tepresent both quantity and
quality of the carbohydrate intake. For calculating the
total dietary GL, the GL scores from all foods atre
added. A diet with a low GL thus can be achieved in
several ways e.g. by replacing carbohydrate with
protein or fat or substituting a high GI source of
carbohydrate with a low GI or a combination.

The question arises whether a high GI diet and/or
a high GL diet can lead to the development of T2DM?

Glycemic index (GI), glycemic load (GL) and
the risk of type 2 diabetes

A number of studies have tested the hypothesis
that high dietary GI and/or GL increase the risk of
T2DM using data from a number of observational
studies in healthy subjects (Table 1) [28-33]. No data
from intervention studies are available. Such studies
would have been more valuable, however, many
subjects would be required in such a study which
would be very expensive and difficult to carry out.
Consequently, it is uncertain whether such studies will
ever appear.

In 1997 Harvard researchers published the two first
observational studies on the association between GI,
GL and the relative risk of developing T2DM in
healthy women [28] and men [29]. The Nurses’ Health
Study began in 1976, when 121,700 female nurses aged
30-55 years responded to a questionnaire regarding
medical, lifestyle, and other health-related information
[34]. In 1980 the diet was assessed using a 61-item,
semi-quantitative food-frequency questionnaire [35].
An expanded dietary questionnaire of about 120 items
[36] was used to update the information about diet in
1986. Using a follow-up period from 1986 to 1992,
915 cases of T2DM occurred in the population of

Table 1. Glycemic index (GI), glycemic load (GL) and the risk of type 2 diabetes

Study Follow-up Number Cases of DM GI (hi vs. lo) GL (hi vs. lo)
Age RR of diabetes RR of diabetes
The Nurses' Health Study [28] 6 yr 65,173 W 915 1.37 (95% CI 1.09 - 1.47 (95% CI 1.16 -
40-65 yr 1.71); quintiles 1.86); quintiles
The Health Professional’s Fol- 6yr 42,759 M 523 1.37 (95% C11.02 - 1.25 (ns) (95% CI 0.90 -
low-up Study [29] 40-75 yr 1.83); quintiles 1.73); quintiles
The Nurses Health Study II 8 yr 91,249 W 741 1.59 (95% CI 1.21 - 1.33 (ns) (95% CI 0.92 -
[30] 24-44 yr 2.10); quintiles 1.91); quintiles
The Melbourne Collaborative 4yr 31,641 W and M 365 identified OR per 10 units OR per 100 units/d
Cohort Study [31] 40-69 yr 1.32 (95% CI 1.05 - 0.85 (95% CI 0.56 -
1.66). 1.29).
1.23 (p = 0.08) 1.04 (ns)
(95% CI 0.98 - 1.54);#  (95% CI 0.68 - 1.58);#
quartiles quartiles
The Iowa Women’s Health 6 yr 35,988 W 1,141 reported  Quintiles: 1.0 - 1.19 - Quintiles: 1.0 - 0.96 - 0.86
Study [32] 55-69 yr 1.26 - 0.96 - 0.89 (ns) -0.92-0.95 (ns)
The Atherosclerosis Risk in 9yt 12,251 W and M 1,447 reported  Whites: 1.002 (ns), Whites: 1.002 (ns)

Communities (ARIC) study [33] 45-64 yr

(95% CI10.990 - 1.015) (95% CI 1.000 - 1.004)
Aftican-Ametricans: Aftican-Ametricans:
1.000 (ns), (95% CI  0.999 (ns), (95% CI 0.996

0.982 - 1.017); quintiles - 1.002); quintiles

Legend: W: women. M: men. GI: glucose index. GL: glucose load. RR: related risk. OR: odds ratio. CI: confidence interval. ns: not significant. * after multi-
variate adjustment. # after further adjustment for body mass index and waist-to-hip ratio.
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65,173 women who completed the questionnaire as
seen in Table 1.

After adjustment for age, body mass index, alcohol
intake, physical activity, cereal fiber intake and other
potential confounders, women in the highest quintile
of GI and GL had a 37% and 47% higher risk of
diabetes, respectively, than the lowest quintile [28]. The
combination of a low intake of cereal fiber and high
GL was associated with a 2.5-fold higher risk of
diabetes [28]. More recently, the 16 year follow-up of
the Nurses” Health Study from 1980 including 3300
incident cases of T2DM confirmed the association
between high GL and the risk of developing T2DM
[37].

In the Health Professional’s Follow-up Study
consisting of 42,759 men without diabetes [29], the
Harvard group observed a similar relation between
high GI and risk of developing diabetes with a relative
increased risk of 1.37 as seen in Table 1. Although
high GL was not associated with a significantly
increased risk of T2DM, it is noteworthy that the
combination of high GL and low cereal fiber increased
the risk of T2DM more than 2-fold when compared
with a diet with low GL and a high cereal fiber intake
[29].

A younger group of 91,249 women established in
1989 (The Nurses Health Study 1I) was followed for 8
years with 741 cases of T2DM being identified [30].
After adjustment for age, body mass index, family
history of diabetes, and other potential confounders,
GI was found to be associated with an increased risk
of T2DM [30]. Comparing the highest with the lowest
GI quintile, a 59% increased relative risk of T2DM was
detected. In contrast, GL was not significantly
associated with a higher risk of T2DM [30].

In a group of 31,641 adults followed for 4 years,
Hodge ¢ a/. [31] found after multivariate adjustment a
positive association between GI and T2DM with a
1.32 increased relative risk comparing the highest and
the lowest quartiles. However, the association of GI
with T2DM was weakened after an adjustment for
body mass index and waist hip ratio (p = 0.08).

On the other hand, two other group studies [32, 33]
did not find any association between GI and GL and
diabetes incidence. In the Iowa Women’s Health
Study, Meyer ez al. [32] followed 35,998 older women
who completed the same dietary questionnaire used in
the Nurses’ Health Study [28] while Stevens e al. [33]
in the Atherosclerosis Risk in Communities (ARIC)
Study followed 12,251 women and men (Caucasians as
well as African-Americans) using a modified version of
the 61-item instrument of Willet and co-workers [34].

Rev Diabetic Stud (2006) 3:61-71

Two major problems with these observational studies
exist: diabetes is self-reported and only to some extent
has been confirmed by laboratory testing and secondly
the GI of many foods is unknown. In some studies a
follow-up of the diagnosis with a supplementary
questionnaire was introduced. For example, in the
Nurses’” Health Study [28] and the Health Profes-
sional’s Follow-up Study [29] the diagnosis of type 2
diabetes was established subsequently when criteria
corresponded to criteria proposed by the National
Diabetes Data Group [38]. The validity of self-
reported diabetes in this group using the supplemen-
tary questionnaire has been previously documented. In
the Melbourne Collaborative Cohort Study [31] where
no association between GI and T2DM was secen at
follow-up, type 2 diabetes was confirmed in 76% of
self-reported cases. In the Iowa Women’s Health Study
[32], only 66% in a small sub-study of self-reported
cases were confirmed. Furthermore, in observational
studies symptomless diabetes is largely not taken into
account probably representing a considerable number
of subjects. Another concern is the validity of the GI
data for different carbohydrate sources. Because many
food products have unknown GI values, extrapolation
may be a significant source of error.

The concept of high GL in relation to the risk of
T2DM does not seem to play an important role. While
some prospective observational studies [28-30] have
shown a significant association between high GI diets
and the risk of developing T2DM, other studies [32,
33] do not. Most positive studies originate from one
group, the Harvard group, applying certain food
frequency questionnaires for GI and GL.

To be convinced that the association between high
GI and risk of T2DM does exist, it is necessary to
confirm these results with other research groups using
adequate dietary assessment methods. Only random-
ized controlled clinical studies, however, can prove
that high GI diets increase the risk of T2DM.

Thus, at present there is insufficient information to
determine whether there is a relationship between GI
or GL of diet and the development of diabetes.

GI, GL and the treatment of type 2 diabetes

The hallmark feature of diabetes is hyperglycemia
and we know that this not only causes acute symptoms
but is also associated with long-term microvascular
complications such as retinopathy, nephropathy and
neuropathy [39, 40]. In addition, hyperglycemia may
contribute to the development of macrovascular
disease with IHD [41]. Thus, regulation of glycated
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hemoglobin (HbAlc) that provides a weighted average
of glycemia over approximately the preceding 3
months [42], to achieve near-normal value is a primary
goal in the management of diabetes. In this context it
seems plausible to hypothesize, that GI and GL of the
regular diet are positively associated with HbAlc. The
concept that GI of the regular diet should be directly
associated with HbAlc arises from the rationale for
the use of acarbose to treat T2DM. Acarbose, an -
glucosidase inhibitor, inhibits amylase and sucrase
enzyme activity and thus slows carbohydrate digestion.
In a dose-dependent fashion, acarbose decreases post-
prandial hyperglycemia and insulin excursions [43] and
reduces HbAlc substantially in T2DM subjects [44].
Similarly, regular diets that are lower in GI would be
expected to be more slowly digested and absorbed [11]
and yield long-term metabolic benefits with curbed
glucose increases and lower HbAlc values. Recently,
also the ‘physiological validity’ for the GL concept of
meals was supported, i.e. variations in GL of test meals
were associated with plasma glucose values measured
2h after ingestion of test meals [45].

Effects of low vs. high GI diets on metabolic control

The question arises if the GI concept can be
applied in the treatment of T2DM; both in whether it
improves the glycemic control and whether it will be
possible to maintain these lifestyle changes in the
longer term and translate the GI concept to larger
groups of diabetic subjects. The GI concept has been
challenged for not being applicable to mixed meals,
and hence the long-term effects of low GI foods have
been questioned [46].

Jéarvi and co-workers [47] have evaluated the effects
of two carbohydrate rich diets with pronounced
differences in GI (56.8 + 3.6 U vs. 82.7 = 3.1 U with
white bread as a reference) on metabolic control in
T2DM patients. In a 4 wk randomized crossover study
consisting of 20 subjects, they kept the macronutrient
composition and the type and amount of dietary fibers
identical. The GI was calculated on the basis of data
for 94% of all the carbohydrate foods, the difference
in GI was achieved by altering the structure of the
starchy foods, and the diets were composed in
accordance with dietary recommendation for people
with diabetes.

In the low GI period a statistically significant lower
HbAlc was obtained than during the high GI period
(6.7% vs. 6.9%). The insulin sensitivity measured by
the clamp techniques was improved significantly after
both diets, significantly more however after the low
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versus the high GI diet (30% vs. 21%, p < 0.05) while
the fasting plasma glucose fell by 14% during both the
low and high GI period. Some of the improvement in
insulin sensitivity after both diets is likely to have been
caused by the slight, but identical weight loss observed.
The incremental area under the curve (IAUC) for both
plasma glucose and plasma insulin was lower after the
low GI than after the high GI diet (lowered by 31%
and 27%, respectively). The study also demonstrated
an improved lipid profile with a significantly higher
reduction in LDL cholesterol after the low GI diet. In
addition, they found an improved capacity for
fibrinolysis after the low GI diet reflected in a reduced
PAI-1 level [47]. All together these results indicate a
beneficial therapeutic potential for low GI diets in
T2DM.

The beneficial effect of a low-GI diet compared to
a high GI diet on the glycemic control and insulin
sensitivity was also demonstrated by Rizkalla ¢z a/. in a
randomized controlled cross-over study in 12 T2DM
men [48]. During the low GI period carbohydrate
items with a GI below 45 were recommended while
foods with a GI higher than 60 were recommended
during the high GI period using glucose as the GI
reference. After four weeks on a low GI diet with an
average GI of 39, significant improvements were ob-
served in fasting plasma glucose and HbAlc, incre-
mental AUC for plasma insulin (lowered by 23%) and
whole body insulin sensitivity estimated by the ecugly-
cemic clamp technique compated to the high GI
period [48]. Rizkalla and co-workers [48] claim that
their low GI diet is the diet with the lowest GI applied.
However, taking the different reference food into
account the GI is similar to the low GI diet of Jarvi ez
al. [47]. Thus to convert the GI of 39 from using glu-
cose as the reference to a number with white bread as
the reference, the value of 39 should be multiplied
with 1.4 [12, 49], i.e. reaching 55 vs. 57 in the study of
Jarvi et al. [47]. Also lower LDL cholesterol and PAI-1
levels were observed during the low GI diet period
corroborating the results of Jdrvi ef al. [47]. Some of
the improvements during the low GI period in the
study of Rizkalla and co-workers [48] may be ascribed
to the higher average fiber content in the low GI diet
(34 vs. 21 g/day). The results of these two studies [47,
48], however, strongly indicate that long-term use of
low GI diets may have a great potential in the treat-
ment of T2DM. However, not all studies have found
significant improvement in overall blood glucose in
response to low GI diets [18].

Brand-Miller 7 a/. [50] have carried out a retrospec-
tive meta-analysis of randomised controlled clinical
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trials comparing low and high GI diets in the treatment
of T1DM and T2DM. The aim was to determine if low
GI diets, when compared with conventional or high
Gl diets, improved overall glycemic control in individ-
uals with diabetes, as assessed by reduced HbAlc or
fructosamine levels. HbAlc or fructosamine levels
were used instead of fasting blood glucose levels
because both reflect overall glycemic control. They are
both non-enzymatic glycated proteins reflecting blood
glucose. Fructosamine reflects a 3 wk interval, and was
used as endpoint in studies of < 6 wk of duration.
HbAlc was used in studies > 6 wk. HbAlc is deter-
mined by both the postprandial plasma glucose (PPG)
and the fasting plasma glucose (FPG) [51]. With de-
creasing HbAlc values the relative contribution of
postprandial glucose increases progressively whereas
the relative contribution of fasting glucose decreases
gradually [51]. In the meta-analysis of Brand- Miller ez
al. 14 studies were identified that met the inclusion
criteria [50]. They were all: 1. published in English
between 1981-2001, 2. randomized cross-over or paral-
lel experimental design, 3. at least 12 days duration
(from 12 days - 12 months), 4. type 1 or type 2 diabetic
patients as subjects, 5. HbAlc or fructosamine level as
outcome measures of glycemic control, 6. modification
of at least two meals per day (or > 50 % total
carbohydrate). Out of the 14 studies that fulfilled the

inclusion criteria, 9 of the studies comprised of 153
subjects with T2DM (Table 2).

As seen in Table 2, studies in T2DM demonstrated
that low GI diets reduced HbAlc by 0.30% points and
fructosamine by 0.24 mM over and above that of high
Gl diets. Brand-Miller e¢# a/. found that low GI diets
globally reduced HbAlc by 0.43% points compared to
high GI diets in studies with both T1DM and T2DM
subjects [50]. Because the units of measurements differ
between the two indexes of glycemic control, the
primary outcome can also be expressed as a percentage
of the final value on the high GI diet: (low GI vs. high
GI) x 100/high GI [50].

The mean difference (both T1IDM and T2DM
patients) was -6.8% in favor of the low GI-diet. When
adjusted for differences at baseline the difference was
-7.4%. A 7.4% decrease in glycated protein is equiva-
lent to a HbAlc reduction of approximately 0.6%. In
the 9 studies that included subjects with T2DM - one
of which included both T1DM and T2DM [52] - the
mean difference was -6.1% in favor of low GI diets.

Assessment of study differences

The limitations of the meta-analysis include the
small number of subjects and the short duration.
Besides there is the question of dietary compliance
since all the patients were living unrestrictedly such

Table 2. Results from the retrospective meta-analysis of randomised controlled clinical trials comparing low and high GI diets in the treat-

ment of type 2 diabetes (T2DM) by Brand-Miller ez a/. [50]

Study Subjects Study Duration Outcome Endpoint: Endpoint: Difference in
(n) design (wk) Low GI High GI % or mM
(mean) (mean)
Fontvieille ¢z al. [52] 6 Cross-over 5 HbAlc, fructosa- 8.3 8.3 0%
mine (3.41) (3.88) 0.47 mM
Komindr ez al. [53] 10 Cross-over 4 HbAlc 10.97 11.15 0.18 %
Luscombe ¢t al. [54] 21 Cross-over 4 Fructosamine 3.22 3.28 0.06 mM
Jarvi et al. [47) 20 Cross-over 35 HbAlc, fructosa- 6.7 6.9 0.2 %
mine (3.47) (3.56) 0.09 mM
Frost et al. |55] 51 Parallel 12 Fructosamine 3.2 3.6 0.4 mM
Wolever ez al. [56] 15 Cross-over 2 Fructosamine 3.17 3.28 0.11 mM
Wolever ez al. [57) 6 Cross-over 6 Fructosamine 4.56 5.12 0.56 mM
Brand ez al. [58] 16 Cross-over 12 HbAlc 7.0 7.9 0.9 %
Jenkins ez al. [59] 8 Cross-over 2 HbAlc, fructosa- 7.6 7.8 0.2 %
mine (2.98) (2.95) -0.03 mM
Overall HbATc, fructosa- 0.30 %
mine 0.24 mM

Legend: GI: glucose index. GL: glucose load. HbAlc: glycated hemoglobin.
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that the validity of dietary records is debatable. Impot-
tantly, results of negative trials may not be published
and may lead to a publication bias. However, the risk
of such a publication bias may less likely be attributed
to the controversy of the GI concept.

Despite the limitations, the findings suggest that
the application of a low GI diet in the management of
diabetes has improved clinical effects compared with
the current practise of nutrition therapy. Any differ-
ence in glycemic control between 2 diets may be con-
founded by differences in enetrgy intake or weight loss.
In most studies included in the meta-analysis [50] the
energy intake, macro nutrient composition and weight
were kept constant. The improvement of blood glu-
cose reflected in glycated proteins, has been criticized
[61] for being small, compared with outcomes of other
nutrition interventions that have been found to be able
to cause a 15-20% decrease in HbAlc. It should be
stressed, that the 6.1% reduction in T2DM resulting
from the meta-analysis [50] is the incremental effect of
a low GI diet, over and above that seen with another
intensive nutritional intervention (high GI diets) and
not with a basic care that would tend to cause a larger
difference. The results of Brand-Miller e a/ [50] are
supported by the more recent meta-analysis by
Opperman ef al. [62], which also looked at the effects
of GI on markers for lipid metabolism. The investi-
gators also found that a low GI diet improved the
glycemic control in T2DM. In T1DM and T2DM a
reduction in HbAlc of 0.27% was observed in favor of
low GI diets with a difference in GI units between low
and high GI diets of 21 units [62].

Not surprisingly studies that lasted longer than 4
wk showed greater improvements in HbAlc than
shorter studies [62]. Brand-Miller ¢# 4/ [50] found a
slightly larger reduction in HbAlc than Opperman es
al. [62] did probably due to access to a larger number
of studies. Not all studies have been able to detect an
effect of GI on glycemic control, e.g. in the study of
Tsihlias e al. [63] comparing the effect on HbAlc in
subjects with T2DM that received about 10 percent of
energy from low-GI breakfast cereal (n = 30) with
high-GI cereal (n = 29). After 6 months no statistical
significant difference in HbAlc on the two diets could
be detected. The reason for a lacking impact on
HbA1lc may well be ascribed to the minimal difference
in GI of about 10 units between the two diets [63].
Thus, despite negative results [63] and limitations of
the studies conducted, there is evidence suggesting that
we can obtain a clinically useful effect of low GI diets
on glycemic control in T2DM. Interestingly, low GI
diets also seem to cause improvements in LDL-
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cholesterol and total cholesterol in T2DM, while no
changes were found in triglyceride or HDL-cholesterol
[62]. When incorporating these benefits of a low GI
diet with other dietary interventions such as high fiber,
low saturated fat and low trans-fat the influence of a
low GI diet may possibly be magnified. However,
more long-term randomized clinically controlled
studies are required to determine whether the GI
approach decreases the risk of development of T2DM
and its complications, including IHD.

GI and guidelines in the treatment of diabetes

Across the Atlantic there is agreement that near-
normal levels of blood glucose is a primary goal in the
treatment of diabetes. When it comes to general
guidelines and application of the GI, the American and
European experts are in disagreement. There is at this
time, no international consensus as to the clinical
usefulness of the GI in the dietary prevention and
management of diabetes.

American guidelines

The American Diabetes Association (ADA) has
historically been hesitant towards the GI approach. In
their recommendations of 2002, it is stressed, that the
total amount of carbohydrate in meals is more
important than the source or type [64]. Their latest
statement from 2004 is slightly more positive towards
the GL. As part of their recommendations they state
that:

“Regulation of blood glucose to achieve near-
normal levels is a primary goal in the management of
diabetes, and, thus, dietary techniques that limit
hyperglycemia following a meal are likely important in
limiting the complications of diabetes” [65]. And the
ADA states regarding influence on blood glucose:
“Both the amount (grams) of carbohydrate as well as
the type of carbohydrate in a food influence blood
glucose level. The total amount of carbohydrate
consumed is a strong predictor of glycemic response,
and, thus, monitoring total grams of carbohydrate
whether by use of exchanges or carbohydrate
counting, remains a key strategy in achieving glycemic
control” [65].

The meta-analysis by Brand-Miller ¢ a/. discussed
above is also taken into account [50]. The ADA adds:
“A recent meta-anlysis of the randomized controlled
trials that have examined the efficacy of the glycemic
index in the overall blood glucose control indicates
that the use of this technique can provide an additional
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benefit over that observed when total carbohydrate is
considered alone” [65].

European guidelines

The European guidelines are more supportive of
the GI concept. In 2004 the Diabetes and Nutrition
Study Group (DNSG) of the European Association
for the Study of Diabetes (EASD) published their
latest recommendations [66]. Here it is emphasized,
that “vegetables, fruits and wholegrain cereals should
be incorporated into the diet of people with T1DM
and T2DM” [60]. Besides it is stated, that “if carbo-
hydrate intake is at the upper end of the recommended
range it is particularly important to emphasise foods
rich in dietary fiber and with a low GI” [66]. The
European guidelines concerning the GI are clear, as
DSNG recommends carbohydrate-rich, low glycemic
index foods as suitable carbohydrate-rich choices as
long as other attributes of the foods are appropriate
[66].

The DNSG concludes, that the “GI concept is only
meaningful when comparing foods within a com-
parable food group e.g. breads, fruits, different types
of pasta or rice. GI values should not be used in isola-
tion, but interpreted in relation to other relevant food
characteristics e.g. energy content, content of other
macronutrients, available carbohydrates and dietary
fiber” [66].

Both ADA and DNSG agree that there is no justi-
fication for the recommendation of very low-carbo-
hydrate diets in the management of diabetes.

Implementation and practical issues

The meta-analysis discussed [50, 62] supports the
use of the GI concept as a scientifically based tool in
selecting carbohydrate rich foods. When it comes to
the practical application of the GI concept in the
management of diabetes, there are, however, several
issues to consider.

Dieticians and medical experts have the detailed
knowledge necessary to use the Gl By use of
international tables of GI [49] which represent more
than 1200 different types of foods, dieticians can guide
diabetics towards carbohydrate rich, low GI foods.
Some tables also list the glycemic load associated with
the consumption of specific serving sizes of different
foods [67]. One weakness of the existing international
tables is that they have not been verified to be valid for
different nationalities and ethnic minorities. GI values
for foods should be determined using an internatio-
nally standardised GI methodology and the accuracy of
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this methodology should be verified in inter-laboratory
tests. The GI concept should not be used in isolation.
GI values in tables should be combined with contents
of fiber, macronutrients including available carbo-
hydrates enabling the calculation of GL. Comparison
of GI should be restricted to foods within the same
food groups.

It is not likely that many individual diabetic subjects
at present can use the GI tables in everyday life. A
more simple approach, which can be applied without
medical expertise, should be developed. One way of
achieving this is by labeling carbohydrate-rich food
items with a GI label as well as an informative label.
The food items could be divided into e.g. three groups
with low GI (< 70), medium GI (range 70-110) and
high GI foods (> 110) when applying white bread as
the reference. Most milled cereal products, including
bread and breakfast cereals, have a high GI, whereas
legumes, pasta, many fruits, whole grain bread have a
low GI. To make the three groups easy to inspect,
each group could be labelled with a colour e.g. a green
GI label on low GI value foods, a yellow on medium
GI value foods and a red label on high GI value foods.
In order to prevent misinterpretation of the GI values,
the GI label should only appear on food products that
meet certain nutrient criteria. Some foods may be rich
in saturated fat and free sugars and have a low GI [66],
however, such foods should not be labelled. GI is
especially appropriate to use for carbohydrate rich
foods such as pasta, rice, potatoes, bread and breakfast
cereals. For the system to make sense for the
population as such, the GI must be proven useful in
healthy individuals.

GI labeling could make the choice easier for
subjects with diabetes to eat traditional foods with low
GI such as pasta, parboiled rice, whole grain breads,
vegetables and fruits. In Australia and New Zealand
the GI index is used in nutrition guidance, and GI
rating of packaged food products in supermarkets is
performed [67].

Conclusion

In recent years the manifestation of T2DM has
become an epidemic. The fact that T2DM is short-
ening lifetimes, and that it has become a heavy eco-
nomic burden on societies worldwide, has made it
essential to find ways to prevent and manage T2DM
and its complications. International dietary guidelines
recommend a diet rich in fruits, vegetables, pulses and
whole-grain cereals, but vary regarding the importance
of GI. Some observational studies suggest that low GI
diets may contribute to the prevention of T2DM, but a
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consensus has not yet been reached. No evidence sug-
gests that a high intake of mono- or disaccharides is
causative in the development of T2DM [68]. In the
most recent report of a joint WHO/FAO expert
consultation the strength of evidence that low GI
foods reduce the risk of diabetes is therefore only
graded as “possible” [69]. Thus, in relation to GI/GL
and prevention of T2DM there is insufficient infor-
mation to determine whether a positive association
exists or not. Only randomized controlled clinical
intervention studies will be able to provide the final
answer.

From retrospective meta-analyses of randomised
controlled clinical trials comparing low and high GI
diets in the treatment of diabetes [50, 62] it has been

found that low GI diets as compared with high GI
diets improve the glycemic control assessed by HbAlc
and fructosamine.

In conclusion, the findings suggest that targeting
postprandial hyperglycamia via choice of low GI foods
has a clinically useful effect on glycemic control in
T2DM. Though there is still need for long term ran-
domized clinically controlled intervention trials to de-
termine whether low GI diets decrease the risk of
development of T2DM and its complications. Labeling
of foods with GI would be helpful for persons with
diabetes, but the usefulness for healthy subjects
remains to be clarified. Therefore, it seems to be pre-
mature to introduce GI labeling for the entire popula-
tion.
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