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Abstract

Background: The positive and negative health effects of dietary carbohydrates are of interest to both researchers and consumers. Low glycemic
index (GI) and glycemic load (GL) carbohydrates have been shown to have favourable effects on blood lipid parameters.

Objective: This study aims to investigate whether the GI and GL diet in dyslipidemic individuals.

Methods: The subjects, 15 men and 15 women, dyslipidemic patients followed up at Hospital de Coari, were invited to answer a self-administered
questionnaire for 3 days about food intake. The fasting biochemical profile was analyzed, such as total cholesterol, triglycerides and blood

glucose.

Results: Low Gl diet daily value were observed in women and men and GL diet daily value below the minimum low line for both. A correlation
was found between Gl and GL diet with triglycerides levels and woman and not in men. Lunch GL value were associated with blood triglycerides
parameters. Biochemical profile showed an increase in fasting blood glucose only in men and in lipid levels for both.

Conclusion: Dyslipidemic individuals might be potential influencing factors in the associations between Gl and GL diet and dyslipidemia,
suggesting such modifications could potentially be a useful public health recommendation.).
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Introduction

Many factors are involved in the progress of obesity, because not
only high fat, but high carbohydrate diet can also influence the
pro-obesity metabolic pathways and /or changes in blood lipid
and sugar levels [1]. As overweight, obesity and insulin
resistance have become more prevalent, concerns for the amount
and type of carbohydrate consumed may increase, rather than just
decrease cardiometabolic risk [2].

Some sources of carbohydrates can be beneficial or harmful,
depending on the glycemic index (GI) and fiber content [3-7].
Both the quantity and the quality of the carbohydrate influence
the glycemic response [8].

Glycemic index (GI) and glycemic load (GL) are measures of
carbohydrate quality [9]. The GI food measure indicates an
increase in the postprandial blood glucose of the serving food
compared to 50 g of carbohydrate [9-11]. Gl is a valid and
reproducible measure to express the glycemic response of foods
[2]. High GI foods rapidly increase blood glucose levels and
insulin secretion, while low GI foods increase these parameters
more slowly [12].

The GL food concept takes into account the Gl food and the
amount of carbohydrate available in a food consumed [9,13]. The
GL assesses the quality and quantity of carbohydrates and, the

greater this measure, the greater the increase in the levels of
blood markers responsible for the development of the metabolic
syndrome [1,14].

Postprandial blood glucose and, consequently, the GI and GL diet
have been linked to hyperglycemia, insulin resistance, diabetes,
coronary heart disease and obesity [1,2]. Long-term consumption
of a high GI / GL diet results in chronically high blood glucose
and therefore in a chronically high insulin concentration [12].
Evidence supports that a low GI diet, long-term food
consumption for foods with low sugar content and more soluble
fibers in the diet may be associated with better glucose control
and lipidemic profile [15-17]. Unlike Mediterranean type diets,
low Gl diets are not limited by eating specific regional foods and,
therefore, can be more flexible and appropriate in different
contexts [18]. Diets with foods with GI values <55, compared to
50g for glucose, are considered low Gl diets, where values
between 56 - 69 are average Gl diets and values> 70 are high Gl
diets [8,11].

In summary, Gl food compares equal amounts of carbohydrates,
while GL food was introduced to quantify the overall glycemic
effect of a portion of food [19-21]. Thus, the GL of food is the
product of the amount of carbohydrate available from a food that
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takes into account both the quality and the amount of
carbohydrate consumed [1,8,22,23].

Elevation in blood glucose and insulin was caused by high GL
diets. Long-term consumption of a high GL is associated with an
increased risk of diabetes and coronary heart disease [19]. GL
values are classified as low (GL <10), medium (GL 11-19) and
high (GL> 20) [11].

Thus, the GI proved to be a more useful nutritional concept than
the chemical classification of carbohydrates, contributing to
improving human health [8]. Therefore, the aim of this study is to
analyze the GI and GL diet of dyslipidemic patients and their
biochemical profile.

Methods
Subjects

Thirty dyslipidemic volunteer patients (15 men and 15 women),
aged between 32 and 60 years, were selected to participate in the
present study in the city of Coari, Brazil. The protocols were
approved by the Ethics Committee of the Amazonas Federal
University. Volunteers provided written informed consent prior
to participating in the study.

Inclusion criteria

The volunteers were followed up at the Hospital of Coari with
screening for dyslipidemia. Age between 30 and 60 years,
nonsmokers and with no history of alcohol or drug abuse. In
addition, only patients with a 6-month history without other
diseases and without medication that could interfere with food
intake were recruited.

Exclusion criteria

Exclusion criteria included current chronic medical illness
(except diabetes), pregnancy, hormone replacement therapy,
lipid-lowering medication, use of steroids and other agents that
can influence lipid metabolism, use of warfarin, smoking, hyper
or hypothyroidism, cardiovascular events in the last six months,
psychological inadequacy, major  systemic  diseases,
gastrointestinal problems, proteinuria, liver and kidney failure.

Experimental protocol

The follow-up visit to the patients was chosen where fasting
blood samples were collected by venepuncture for analysis of
blood glucose and lipids at the Hospital de Coari. After that, a
dietary data questionnaire [24] was applied to the patients.
Volunteers were asked to write down all the food they had eaten
in the past three days, using a self-administered food frequency
questionnaire at main meals and snacks, including water, coffee,
tea, supplements or other drinks and liquids. The fiber content of
the diets was not reported in this study.

Dietary Gl and GL determination

The GL and GI diets were classified as none (0-1), low (1-2),
medium (2-3) and high (3-4) levels. None at absent values, low
(IG <55; GL <10), medium (I1G 56-69; GL 11-19) and high (1G>
70; GL> 20) [11].

Biochemical analyses

The serum and plasma were separated by low speed
centrifugation at 3000 rpm for 10 minutes (Rofina 48R
centrifuge). The samples were stored at -80°C until they are
ready to be analyzed. Blood glucose and lipids (total cholesterol
and triglycerides) were measured in plasma using an enzymatic
assay Kit.

Statistical analysis

Descriptive statistics was used to determine the mean and
standard deviation (Mean * SD), according to the normality
pattern (parametric and nonparametric variables), applying the
Kolmorogov-Smirnov test. The significance of the differences
between the means was determined by the Student's t-test and the
strength of the relationships was described by the Pearson
product moment correlation coefficient. Statistical calculations
were performed using the GraphPad Prism® version 6.00
statistical analysis program for Windows. The ANOVA method
was used to verify the degree of significance (p <0.05).

Results

Glycemic index

The data regarding the daily GI diet are shown in table 1.

The meal that provides the greatest Gl food is breakfast for both.
Meals between lunch and dinner include high GI foods for men
and low Gl foods for women. In addition, the meal, like the
morning snack, is ignored by women, while the evening snack is
ignored by men.

The low Gl diet was observed for both, but did not differ
significantly (Figure 1A).

The classification of the Gl meals showed an average value for
breakfast for both. Missing value in the morning shack for men.
Low value for women and average value for men at lunch. Low
value for afternoon snacks and dinner and missing value for
evening snacks for women (Figure 1B).

Analysis of the results also showed that the Gl diet was
negatively correlated with an increase in triglycerides in female
volunteers (Figure 2A). This correlation was not observed in
male volunteers (Figure 2B).

Glycemic load

The data regarding the daily GL diet are shown in table 2.

In general, all daily meals reveal that men and women consume
more foods with a low GL foods. Meals taken after lunch showed
that women exceeded men in relation to GL. The daily GL diet
was considered below the lower limit and there is no significant
difference in both sexes (Figure 3A). The GL classification of
daily meals showed low GL values for breakfast and lunch,
absence of GL in the morning, afternoon and evening snack for
men and women (Figure 3A).

The results showed the negative correlation between the GL diet
and the increase triglycerides in female volunteers (Figure 4A).
This correlation was not observed in male volunteers (Figure 4B).
The results showed the negative correlation between GL lunch
and the increased triglycerides in female volunteers (Figure 5A).
This correlation was not observed in male volunteers (Figure 5B).
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Gl (%) Breakfast M. snack Lunch A. snack Dinner E. snack
Men

None 0,0 86,7 0,0 40,0 13,3 0,0
Low 26,7 0,0 13,3 13,3 33,3 0,0
Medium 0,0 0,0 26,7 0,0 20,0 0,0
High 73,3 13,3 60,0 46,7 33,3 0,0
Women

None 0,0 0,0 0,0 13,3 0,0 80,0
Low 13,3 0,0 40,0 40,0 60,0 13,3
Medium 13,3 0,0 33,3 26,7 13,3 0,0
High 73,3 0,0 26,7 20,0 26,7 6,7

M. snack: morning snack, A. snack: afternoon snack, E. snack: evening snack. Values are means + SD

Glycemic Index

Table 1. Glycemic index daily diet classification (%)

o

Il Man
3 Woman

o o
P*'% o

Man Woman

(A): Glycemic index diet; (B): Glycemic index meal. M. snack: morning snack, A. snack: afternoon snack, E. snack: evening snack. Gl levels: none
(0-1), low (1-2), medium (2-3) and high (3-4). Values are means = SD, p > 0.05.

Figure 1. Glycemic index

GL (%) Breakfast M. snack Lunch A. snack Dinner E. snack
Men

None 0,0 86,7 0,0 40,0 13,3 0,0
Low 80,0 13,3 73,3 60,0 86,7 0,0
Medium 20,0 0,0 20,0 0,0 0,0 0,0
High 0,0 0,0 6,7 0,0 0,0 0,0
Women

None 0,0 0,0 0,0 13,3 0,0 80,0
Low 80,0 0,0 93,3 80,0 86,7 20,0
Medium 6,7 0,0 0,0 6,7 13,3 0,0
High 13,3 0,0 6,7 0,0 0,0 0,0

M. snack: morning snack, A. snack: afternoon snack, E. snack: evening snack. Values are means + SD

Table 2. Glycemic load daily diet classification (%)
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Figure 2. Glycemic index and triglyceride levels correlation
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(A): Glycemic load diet; (B): Glycemic load meal. M. snack: morning snack, A. snack: afternoon snack, E. snack: evening
snack. GL levels: none (0-1), low (1-2), medium (2-3) and high (3-4). Values are means + SD, p > 0.05.

Figure 3. Glycemic load
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Figure 4. Glycemic load and triglyceride levels correlation
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Figure 5. Glycemic load lunch and triglyceride levels correlation

(mg/dL) Men Women Reference value

(fasting)

Total Cholesterol 243,0+31,08 250,3+22,99 <190

Trygliceride 297,5+145 269,4+81,31 <150

Blood glucose 111,1+61,69 92,00+46,00 <100

Values are means + SD

Table 3. Biochemical profile in dislypidemic patients.

Biochemical profile

Clinical biochemical measures of the volunteers who completed
the study are shown in Table 3.

The biochemical profile showed dyslipidemia due to cholesterol
above 190 mg / dL and triglyceride above 150 mg / dL in fasting,
as recommended by the [25]. Fasting blood glucose above 100
mg / dL was verified in male volunteers. According to the
Brazilian Diabetes Society (2019), fasting blood glucose> 100
mg / dL is pre-diabetes or increased risk of diabetes [26].

Discussion

The present study was designed to assess the dietary effects of Gl
and GL in dyslipidemic patients. Evidence on associations
between Gl or GL and risk of cardiometabolic disease has been
described separately, as first risk factors for type 2 diabetes,
followed by risk of cardiovascular disease [11]. The biochemical
profile of this study reported the traditional risk factors for
dyslipidemia (cholesterol and triglycerides).

Some studies have suggested that while the general GL of a diet
is mainly associated with high-carbohydrate foods and therefore
is closely related to total carbohydrate intake, Gl is associated not
only with high consumption of high-carbohydrate foods, but also
low consumption of some low-carbohydrate foods, including

fruits, dairy products, vegetables and legumes [27-29]. Thus, the
dietary Gl, unlike GL, may reflect more dimensions of the diet
than just carbohydrates [30].

Although the standard methodology for assessing the GI of a
food involves measuring blood glucose over a period of 2 h
period [31], there are no standard protocols for assessing the
postprandial effects of different GI foods on other results. In
general, low GI meals resulted in lower blood glucose [32-35]
and insulin levels [32]. In addition, lower blood glucose and / or
insulin secretion were observed in the context of higher dietary
fiber content in meals [34,35]. Interestingly, the women in this
study showed a negative correlation between Gl and GL daily
with increased blood triglyceride levels. Althougth, studies have
indicated that diets rich in GI or GL may be associated with type
2 diabetes [17,36-40] a study have been confirmed that low GL in
both men and women, with greater risk reduction in diabetic
women [17]. Therefore, a decrease in fasting blood glucose can
be beneficial in preventing the development of metabolic
diseases, especially in high-risk groups, as represented in this
study.

The results showed that, regardless of gender, they behave the
same way in relation to the Gl and GL diet. In addition, the
highest peaks of these measures were found at breakfast, lunch

Diabetes Res Metab. 2020;1(1):101



and dinner, but did not differ significantly between men and
women. Interestingly, higher Gl and GL were observed in the
first part of the day (until lunch) for men, while women in the
second part of the day (after lunch), showing different eating
behaviors in both. An old review showed that foods with lower
Gl lead to decreased hunger, increased satiety or less energy
consumption [41]. In another study, participants had lower
fasting blood glucose and reported greater satiety after
consuming breakfast with low Gl [42].

In general, this study found no difference between the value of
the GI and GL diet between men and women, but a negative
correlation was observed in women between the GI and GL lunch
with the increase in blood triglyceride levels, while men did not
show this same correlation.

Concerning lipid metabolism, low GI diet study tended to
decrease fasting plasma cholesterol and decreased triacylglycerol
levels after the lunch meal [43]. Studies have also shown that a
low GI diet is associated with lower fasting plasma LDL
cholesterol, fasting triglyceride, and postprandial glucose
concentrations and increase in fasting plasma HDL
concentrations [31-35,44,45]. Also another study, reduced
triglycerides, total-cholesterol, and LDL-cholesterol but with no
effect on HDL-cholesterol was reported in a medium-term study,
which involved daily consumption of low GI meals for 3 months
[46].

On the other hand, another short-term study carried out through a
5-week intervention did not observe significant effects on lipid
parameters in three weeks [43]. These results suggest that
changes in fasting cholesterol concentrations resulting from
modification of the GI diet may require a timerframe [42].
However, the greatest weight loss with the low-GL diet was not
accompanied by significant changes in cholesterol total, LDL- or
HDL-cholesterol or triglycerides levels [47].

In diabetic individuals, it is generally found that chronic
consumption of a low Gl diet improves plasma glucose and lipid
profiles [48]. An old review showed that a low Gl diet resulted in
a decrease in the glycemic area under the curve and in plasma
levels of cholesterol and triacylglycerol [49]. On the other hand,
one study did not report differences in fasting lipids at the end of
periods of low or high GL diet [50].

However, although no difference was observed in the GI or GL
diet with increased blood glucose levels in the participants,
another study showed that the GL diet has been a stronger
predictor of postprandial glycemia and insulin response than the
Gl [51,52]. This correlation was probably not observed due to the
response of insulinemic activity.

An important limitation of this study is the use of food frequency
questionnaires to characterize the dietary Gl. Although this
method is useful for classifying individuals according to relative
intake in a large study population, this method used was not
designed specifically to assess dietary Gl. On the other hand, the
validity of the Gl of carbohydrate foods added to a mixed meal is
doubtful [23].

Conclusions

The negative relationship between the reduction of Gl and GL
with increased levels of triglycerides in non-diabetic women in
this study appears to be associated with an adequate insulin
response, different from what occurs in pre-diabetic men.

The choice of foods with low GI and GL should be
recommended, as a whole diet, even in healthy people. These
results suggest that a modification of the GL diet is a good public
health recommendation, as opposed to the modification of the Gl
diet of all meals during the day.

This study describes the potential limitation of the GI and GL
criteria and suggests the importance of comprehensively
assessing the historical dietary profile of dyslipidemic patients.
Further studies are needed to determine the role of these
measures in the lipidemic in this population.
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