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Summary. Diet comprises of many nutritious components like carbohydrates, protein, fats and fibers. Each
component has different functions which directly or indirectly involved in the growth and maintenance of the
body. The behavioral modification of eating habits using high glycemic and glycemic load diet leads to certain
changes in physiologic and biologic changes in an individual. This study discusses and summarizes the recent
literature on high glycemic index/glycemic load carbohydrate diet and its pathological relationship in causing
cardiovascular disease and its risk factors. High carbohydrate intake has an adverse effect on glucose and lipid
metabolism, as a result of which may increase the risk of cardiovascular disease (CVD). A number of cohort
studies examined the role of glycemic index and glycemic load on cardiovascular events. Randomized control
trials and intervention studies support the hypothesis that high glycemic index and glycemic load diet could
increase the risk of CVD in individuals with different outcomes in men and women. The inclusion of glycemic
index and glycemic load in dietary recommendations may help in reducing the prevalence and incidence of
cardiovascular disease and its risk factors.
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Introduction

Carbohydrate in the form of glucose is the main
fuel source that continuously supplies energy to all
parts of our body. Basically, liver stores glucose in the
form of glycogen, when the blood level of glucose goes
below the normal range, glycogen is broken down into
glucose for immediate energy. The different physiolog-
ical response has been seen in the human body after
consumption of carbohydrate-rich diet. Insulin is the
important hormone which regulates the glucose level
by maintaining the homeostasis between the produc-
tion and utilization of glucose in different parts of the
insulin-sensitive tissues and organs like adipose tissue,
skeletal muscle, and liver. High intake of carbohydrate

has an unfavorable effect on blood glucose and lipid
profiles which cause hyperglycemia and hyperlipi-
demia which are recognized as a well- established risk
factors for cardiovascular disease. Increased postpran-
dial glucose and insulin level are a hallmark of insulin
resistance state that is associated with elevated blood
pressure and eventually metabolic syndrome (1-3).
Epidemiological and clinical studies suggest that
high intake of carbohydrate is associated with several
disturbances in the biochemical parameters in an in-
dividual which ultimately accelerates the risk of CVD
(4-6). Glycemic index and glycemic load are used to
compute the glycemic burden of carbohydrate from
food reported in several studies (7-9). Although the

importance of glycemic index and glycemic load are
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still needed to discuss in relation to risk of CVD and
its factors. Therefore, our focus of this review is to
highlight the importance of glycemic index. glycemic
load in evaluating the risk association between dietary
carbohydrate intake and cardiovascular risk and mor-
tality. In the present scenario, evidence relating the
glycemic index and glycemic load and their adverse re-
lation with the CVD risk factor are scarce. Given that
a startling increase in the prevalence of cardiovascular
diseases worldwide, understanding the potential role
of specific dietary factors such as glycemic index and
load in preventing CVD risk has been a public health

concern.

Definition of glycemic index and glycemic load

Glycemic index is a practical basis for classifying
dietary carbohydrate, that was first described by Jen-
kins et al. (10) and also an alternative system to dis-
tinguish carbohydrate containing food based on their
glycemic response. Glycemic index is calculated by
area covered by blood glucose within 2 hrs post-con-
sumption of 50g available carbohydrate divided by the
same amount of control food, multiplied by 100% (7).
A food that possess high glycemic index (>70) causes
a quick rises in the blood glucose concentration while
a low glycemic index (<55) food cause a slower and
more sustained release of glucose into the blood (11).
However, evidence of the clinical value of low-glyce-
mic index diet, still awaits prospective trials. Glycemic
index depends on the amount of carbohydrate intake,
the nature of food and physical activity that may influ-
ence on the meal of individual and additionally, other
factors are also responsible for individual variations.

Glycemic load is yet another variable used largely
for quantifying the glycemic effect of carbohydrate from
food (12). Glycemic load is the product of glycemic
index and the total available carbohydrate content in a
particular amount of food (1, 13). Glycemic load is a
glycemic index-weighted measure of carbohydrate con-
tent representing both quality and quantity. For exam-
ple, watermelon has a high glycemic index, but with low
carbohydrate content, thus it has a low glycemic load of
eating. In contrast with fructose, which has a low gly-
cemic index, but having high glycemic load. Glycemic

load can be calculated for any size serving of a food,
an entire meal, or an entire day’s meals. The glycemic
load greater than 20 is considered high, a glycemic load
of 11-19 is considered average, and < 10 of glycemic
load is considered as low (14). The foods which have
a low glycemic load having typical serving size almost
have a low glycemic index. Foods with an intermediate
or high glycemic load range from a very low to very high
glycemic index serving size. The amount of indigestible
oligosaccharide or starches containing food has lower
overall glycemic load because these macronutrients do
not affect blood glucose concentrations. It has been
studied that glycemic load appears to be beneficial in
dietary programs coursing metabolic syndrome, weight
loss, and insulin resistance. The value of glycemic index
and glycemic load mainly represents the postprandial
phase of blood glucose. Therefore, dietary counseling
proves vital for the diabetics and non-diabetic individu-
als to help lower their postprandial level of glycemia and
insulin levels (15).

Glycemic index, glycemic load, and gender differ-
ence in the burden of cardiovascular disease

The issue of glycemic index and glycemic load has
caught recent attention because of the boost in carbo-
hydrate consumption and introduction of the modern
milling technology lessens the potential health benefits
of grains (16, 17). Lan-Pidhainy and Wolever (18) dem-
onstrated that the glycemic index is an important attrib-
ute of a food because it shows similar results for healthy
control as well as for type 2 diabetics. The detrimental
effect of glycemic index was shown by Jakobsen et al. in
a prospective cohort study suggested that replacement
of the saturated fatty acids with high dietary glycemic
index significantly elevated the risk of myocardial in-
farction (relative risk per 5% increase EA of energy from
carbohydrates: 1.33; 95% CI: 1.08, 1.64) (19).

Epidemiological studies reported that high di-
etary glycemic index and glycemic load may have an
adverse effect in relation to the risk of coronary heart
disease (CHD) (20-22). Fan et al. studied meta-
analysis of 15 observational studies and investigated
that high dietary glycemic load was associated with a
higher risk of CHD and stroke (22). However, dietary
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glycemic index related with the risk of CHD only. Few
studies also reported the impact of body weight on the
relations of glycemic index and glycemic load to CHD
risk (23, 24). Oba et al. and Kaushik et al. published
data related to the risk of stroke and stroke-associated
mortality, in participants consuming high glycemic in-
dex and glycemic load. However, suggested a lack of
conclusive findings (25, 26). Hardy et al. revealed by
a prospective cohort of 13,051 patients ages 45 to 64
years, over a maximum of 17 years of follow-up 1683
cases of CHD were recorded, which exhibited a sig-
nificant 16% increased risk for CHD per 5-unit incre-
ment in dietary glycemic index in African Americans,
however in whites the association was seen only in GL
(30-unit increase in glycemic load showed an 11% in-
crease in CHD) (27). Studies in human and animal
models have exhibited the influence of high glyce-
mic index diet on appetite and its involvement in
promoting weight gain (28). Another study conducted
in White and African-American population with and
without type 2 diabetes to unravel the association of
high glycemic index and glycemic load diet with the
incident risk of CHD (27). The study recommended
reduction of the glycemic index/glycemic load in the
diet to attain a reduced CHD risk.

Epidemiological studies have suggested a gen-
der-related variation of glycemic index/glycemic load
and risk of mortality from stroke (25) in the Japanese
population. The study implied that a diet with a high
dietary glycemic index added to the risk of mortality
among women from stroke. Unlike to above study of
myocardial infarction in Finnish men was published by
Mursu et al. (23) emphasized the usefulness of glyce-
mic index and glycemic load in predicting myocardial
infarction. The EPICOR study in Italian cohort (29)
reported a distinctive association with high glycemic
index/glycemic load diet and the risk of CVD in wom-
en whereas not in men. Additionally, this study noticed
that food having glycemic index>57 is significantly as-
sociated with the increased risk of CHD after 8 years
of follow-up study.

Recently Dong et al. & Mirrahimi et al. reported
from a meta-analysis of prospective studies that high
dietary glycemic load and glycemic index significant-
ly increased the risk of CHD events in women only
(8, 30). The former study suggested that participants

with the highest level of dietary glycemic index and
glycemic load had approximately 1.3-fold increased
risk of CHD in women but was not shown in men
when compared with the lowest level of glycemic index
and glycemic load. Knopp et al. suggested that the re-
sponse produced by high glycemic diet in women had
significantly decreased HDL-cholesterol levels and
elevated triglyceride concentration compared to men
(31). Therefore, more studies are needed to perceive
the relationship of gender differences, different ethnic
backgrounds and other confounding factors that relate

to glycemic index/glycemic load in developing CVD.

Dietary glycemic index and glycemic load and CVD
risk factors

Previous studies have tended to uncover that high
glycemic index diet were associated with higher insu-
lin level (32, 33) and elevates the risk of developing
diabetes in future (34, 35). The increasing incidence
of diabetes highlights its importance on the burden of
CVD (36). McKeown et al. (33) found a positive asso-
ciation of both glycemic index and glycemic load with
homeostasis model assessment-estimated insulin re-
sistance (HOMA-IR) that was independent of energy
intake. On contrary Lau’s team (37) found no evidence
for links between glycemic index and HOMA-IR but
reported its association with the glycemic load after
adjusting for fiber.

Jenkins et al. reported that the consumption of
high glycemic index food compared to isoenergetic
and controlled low glycemic index food in non-dia-
betic individuals results in high blood glucose, in-
sulin level, high C-peptide and higher glycosylated
hemoglobin (38). The reason accounted for this was
the rapid absorption of glucose after consumption of
high glycemic index meal which alters the homeostasis
mechanism particularly the beta cell function for post-
prandial to the post-absorptive state (39). In the initial
2 hrs post-consumption of high- glycemic index diet,
the incremental area under glucose response was seen
to be twice than that of a lower glucose index food,
with high insulin and glucagon ratio. During the late
postprandial phase, the counterregulatory hormones
(glucagon, epinephrine, cortisol and growth hormone)
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restore euglycemia after a high glycemic index meal
and cause a significant increase in the free fatty acid
concentration (Fig. 1). Varied physiological response
have been seen after the consumption of low and high
glycemic index food, however, a substantial amount of
further randomized control trial is mandated to clini-
cally prove its relation with CVD risk factor that gets
accelerated after intake of high glycemic index diet.
Observational studies among European and US
population have shown an abnormal value in lipid
profile, especially low HDL-cholesterol and high tri-
glyceride level in the upper quintile of dietary glycemic
index or glycemic load (40, 41). Romaguera et al. (42)
professed that glycemic index is related to waist cir-
cumference and BMI which is a marker of adiposity
and possibly another crucial factor that links dietary
glycemic index with CHD incidence. Recently, two
cross-sectional studies reported the association be-

tween body weight and glycemic index, glycemic load
in children, adolescents, and adults respectively. This
study evaluated that glycemic load was independently
associated with overweight in children and with cen-
tral obesity in adolescents (43). An independent posi-
tive association of dietary glycemic index and glycemic
load with general and central obesity in British adults
was also evaluated by the same group (44).

Willett et al. evaluated that the effect of high gly-
cemic diet, importantly change in an individual reli-
ably on their level of adiposity, that aggravates insulin
resistance and dysfunction in lipid profile leading to
higher risk of CHD incidence (14). Figure 1 repre-
sents a hypothetical flow chart which may describe
how high glycemic/glycemic load diet may increase
the risk factors for developing CVD (7, 45). A num-
ber of different components involve such as insulin re-
sistance, free fatty acid, inflammation and endothelial
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cvD <
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Figure 1. Hypothetical flow chart relates high intake of glycemic index/glycemic load diet increases the risk of cardiovascular disease
(Modified from Radulian et al., 2009 & Ludwig, 2002)

Consumption of carbohydrate rich diet leads to glucose intolerance and insulin resistance that play a key role in developing many
pathological conditions. Hyperinsulinemia condition elevates triglyceride formation in the liver and further progress to dyslipidemia
which is a vital risk factor for CVD. High level of insulin increases renal sodium reabsorption ion in the kidney and cause hyper-
tension. High glycemic diet increases the inflammation by activating inflammatory cytokines. Lastly, counter regulatory hormone,

postprandial free fatty acid and endothelial dysfunction have a role in developing CVD.
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dysfunction which could aggravate the risk of CVD. It
has also been evaluated that consumption of high gly-
cemic index and or glycemic index load is synonymous
with the higher level of C-reactive protein, along with
decreased level of adiponectin which ultimately acti-
vates proinflammatory activities (46, 47). Moreover, a
recent cohort study investigated that the highest quar-
tile of glycemic index was associated with significantly
elevated levels of TNF-alpha and IL-6 compared with
the lowest quartile of dietary glycemic index. The above
study demonstrated the association between high gly-
cemic index and systemic inflammation (48).

The consumption of low glycemic index/glycemic
load diet has crucial role in reducing the risk factors
of CVD. Foster and team investigated a randomized
controlled trial for one year and recruited 63 obese in-
dividuals with either low carbohydrate diet or low-fat
diet. In low carbohydrate group, weight loss had been
seen after 6 months but was not found to be significant
after the completion of study time period but showed
a decrease in the triglyceride level and improved HDL
cholesterol level (49). The beneficial effect of low gly-
cemic index diet on triglyceride levels in subjects with
type 2 diabetes was reported in Canadian trial of car-
bohydrates study (50).

Miller and co-workers (51) published a meta-
analysis of randomized controlled trial comparing low
and high glycemic index diet and observed that glycated
protein was reduced to 7.6% in the low glycemic index
diet group. However, it should also be noted that re-
sults of many epidemiological studies are contradictory
due to the interaction of many confounding variable and
most studies focused on the glycemic index and glyce-
mic load calculation based on the quantitative or self-
reporting. It depends on various aspects like portion size
and recall bias leading to inaccurate reporting (52). The
method of food preparation and different forms of the
same foods (white rice, brown rice) changes the glyce-
mic index of food, hence should be taken into consider-
ation while calculating glycemic index or glycemic load
of carbohydrate containing foods. Future observational
studies and randomized control trials are needed to fo-
cus on the precise mechanism through which glycemic
index or glycemic load might effect in reducing the risk
of CVD and its factors.

Conclusion

The consumption of a carbohydrate-rich diet ad-
versely affects and leads to severe changes in lipid and
glucose parameters that substantially elevate the risk
factors for CVD. Our review summarizes an evidence
of association between glycemic index/ glycemic load
and risk of CVDs. The inclusion of glycemic index
and glycemic load in dietary recommendations may
help in reducing the prevalence and incidence of this
deadly disease. Sexual differences in CVD response to
glycemic index/glycemic load in several meta-analyses
indicated to address its underlying cause. It is requisite
for the physicians and researchers to consider the im-
portance of low glycemic index/glycemic load in epi-
demiological studies as well as during dietary advice.
Large observational studies are needed to understand
the impact of high and low glycemic index or glycemic
load diet to monitor the risk and health benefits.
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