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administration of glucose or sucrose were measured, glucose increased 
more despite increase in insulin old men in young men, nearly same 
amounts of insulin caused smaller increase in blood glucose levels. 
These results seem to indicated that glycemic index (GI) is very much 
different between old and young men even if the same foods with 
distinct structures are given, and insulin release to increase in glucose 
in young men is more sensitive than old men. There seems to be gender 
and age difference in foods uptakes, plasma levels of carbohydrates, 
lipids, and amino acids.

In this paper, we report differences in various foods uptakes, 
glycemic index, plasma levels of carbohydrates, lipids, and amino acids 
in young Japanese men and women.

Methods
Male and female college students were requested to participate 

in the experiments. We carefully assessed their health and allowed 
those who do not smoke, with no sign of health problems such as 
diabetes and hypertension, as well as no history of serious disease, to 
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Abstract
Background: GI (glycemic index) is used to show the potency of foods to increase blood glucose. No research has been carried out about gender differences of GI of 
foods of distinct structures such as glucose and sucrose. We wanted to know if there is a big difference in GI depending upon sex to take foods.

Methods: We gave 50 gm of either glucose or sucrose in a cross over study to two groups of healthy men (n=36, mean age=20.6 ± 1.6) and women (n=35, mean age: 
21.2 ± 0.7). 

Results: There are no statistical differences in GI of glucose and sucrose in young men. Although glucose administration did not result in different glucose levels 
between men and women, sucrose administration caused lower glucose levels in women compared with men. Since AUC (area under the curve) of insulin of women 
who took sucrose was not necessarily high, women may have higher sensitivity to insulin. upon the administration of sucrose. In fact, basic levels of blood glucose of 
all women were lower than basic blood glucose levels of men. HDL cholesterol levels were higher in women than men but LDL cholesterol levels were higher in men. 

Conclusion: GI of sucrose was not significantly lower than GI of glucose in men. In women GI of sucrose was 66% of glucose. These results suggest that GI of 
substances of distinct structures such as glucose and sucrose was different between men and women. Young men seem to have more LDL, but less HDL-cholesterol 
compared with women, suggesting that men may be more atherosclerogenic from young age.

Introduction
Dietary carbohydrate clearly influences plasma glucose levels, 

but dietary fat and protein can also influence plasma glucose levels 
[1,2]. The total carbohydrate intake from a meal is a good indicator 
of postprandial plasma glucose [3-7], but gender and age differences 
have not been examined yet. Term of glycemic index (GI) has been 
introduced by Jenkins and coworkers in 1981 [7,8] and is defined as the 
area under the blood glucose curve measured two hours after consuming 
50 g of test carbohydrates in relation to 50 g of glucose [9,10]. In 1997 
[8,9], the term glycemic load (GL) was introduced to quantify the 
overall glycemic effect of food as to its specific carbohydrate content.

GL equals GI multiplied by the carbohydrate density of the food 
which is usually given as g carbohydrate per 100 g serving. Research 
on GI indicates that even when foods contain the same amount of 
carbohydrate, there are up to fivefold differences in glycemic impact 
[8-10]. In addition, several studies have found that the overall GI 
and glycemic load (GI × g carbohydrate) of the diet, but not total 
carbohydrate content, are independently related to the risk of 
developing type 2 diabetes [8,9], cardiovascular disease [11], and some 
cancers [12,13].

There were many reports about gender differences of glycemic 
index, glycemic loads and their relationship to mortality risks [14-
20]. We recently reported [8] that there were big age differences in 
glycemic index when glucose or sucrose were given to young and 
aged men. When the amounts of blood glucose and insulin after the 
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participate. Participants were provided with a questionnaire relating 
to self-administered diets they may have followed in the past. From 
these completed questionnaires, we calculated their past intakes of 
energy, carbohydrate, fat, and protein. We did not calculate energy 
uptake related to alcohol drinks, but young men drink alcohol more 
than young women.

Measurements of blood variables: After fasting overnight, 
participants were randomly assigned to groups. Depending on their 
group, each participant received a 550 mL solution containing 50 g of 
glucose or sucrose (or 500 mL water as a control). Either 50 g of glucose 
or sucrose was added and dissolved in each bottle containing 500 mL 
of water.

Participants were requested not to eat anything after 09:00 PM on 
the previous night and not eat anything for breakfast the following 
morning. Between 9:00 AM and 10:00 AM, blood was sampled using a 
syringe, and participants were given either glucose or sucrose solution 
or water as a control. We measured blood glucose using a finger stick 
(TERUMO kit) before and 120 min after the administration of glucose 
or sucrose. Furthermore, other plasma factors were measured after 
plasma was separated from blood. Ethylene diamine tetra acetic acid 
(EDTA) was used as an anticoagulant. Insulin was measured by the 
CLEIA (chemiluminescent immunoassay) method.

Lipid and lipoprotein concentrations (total cholesterol, HDL, TG) 
were determined using a Polychem Chemistry Analyzer (Polymedco 
Inc.). FFA concentrations were measured by a gas chromatography.

Ethics: This work was approved by the ethical committees of 
Showa Women’s University (15-02) and the NPO “International 
projects on food and health” (15-01) and was conducted in accordance 
with The Code of Ethics of the World Medical Association (Declaration 
of Helsinki) for experiments.

Statistics: The results are presented as means ±SEM. Statistical 
significance of the differences between groups was calculated according 
by one-way ANOVA. When ANOVA indicated a significant difference 
(P<0.05), the mean values of the treatment were compared using 
Tukey’s least significant difference test at P<0.05.

Results
Table 1 shows basic parameters of BMI, food uptakes, glucose and 

insulin levels and plasma levels of various lipids. Generally young men 
take more energy and various foods. Basic levels of blood glucose levels 
are lower in women than men. Plasma levels of LDL-cholesterol and 
TG are higher in men, but plasma levels of HDL-cholesterol are higher 
in women. Young men take more lipids from foods, but higher levels 
of LDL-cholesterol and lower levels of HDL-cholesterol may not be due 
to higher uptakes of lipids alone because there were no differences in 
TG levels between men and women.

Table 2 shows changes in lipids levels after the administration of 
glucose or sucrose to young men and women. Lipids levels did not 
change after the administration of glucose or sucrose.

Figure 1 shows changes of blood glucose levels in young men 
when 50 gms of glucose or sucrose were given. There was no statistical 
difference in blood glucose levels (thus GI) between the administrations 
of glucose and sucrose.

Figure 2 shows changes of blood glucose levels in young men when 
50 gms of glucose or sucrose were given. There was statistical difference 
in blood glucose levels (thus GI) between the administrations of glucose 

and sucrose in women. Sucrose administration resulted in lower levels 
of blood glucose (67%) compared to glucose administration.

Figure 3 shows that changes in blood glucose levels in young men 
or women after the administration of glucose. Although there was no 
statistical significance, blood glucose levels of young women tended to 
be lower than glucose levels of men.

Figure 4 shows that changes in blood glucose levels in young men 
or women after the administration of sucrose. Blood glucose levels were 
statistically significantly lower in young women compared with men.

Figure 5 shows AUC of insulin levels of men and women who 
took glucose or sucrose. There are no statistical differences glucose and 
sucrose levels after the administration of glucose and sucrose in men 
and women.

Discussion
There are many trials as to what kind of diets are healthier in terms 

  Male(n=36) Female 
(n= 35)

Significant 
difference

Age 20.8 ± 1.6 21.2 ± 0.7  
Length(m) 1.72 ± 0.06 1.58 ± 0.05 **
Weight(kg) 65.5 ± 10.2 51.4 ± 5.8 **
BMI 22.2 ± 3.3 20.4 ± 1.6 **
Energy intake(kcal/day) 1989 ± 592 1392 ± 372 **
Protein intake(g/day) 69.3 ± 25.1 52.8 ± 19.1 **
Lipid intake(g/day) 60.4 ± 24.8 45.4 ± 14.5 **
Carbohydrate intake(g/day) 271.5 ± 91.3 179.6 ± 47.7 **
blood glucose(mg/dl) 78.9 ± 13.1 68.5 ± 5.6 **
Insulin(μIU/ml) 6.87 ± 4.19 6.98 ± 2.82  
HDL-Chol.(mg/dl) 61.0 ± 11.7 66.3 ± 7.9 *
LDL-Chol.(mg/dl) 104.6 ± 24.4 88.9 ± 15.8 **
T-Chol.(mg/dl) 174.4 ± 25.5 171.3 ± 20.9  
TG(mg/dl) 75.1 ± 31.9 58.7 ± 19.7 *
Dihomo-gamma-linolenic 
acid(μg/ml) 34.4 ± 8.3 27.9 ± 6.9 **

Arachidonic acid(μg/ml) 170.3 ± 38.4 159.9 ± 26.3  
EPA(μg/ml) 27.5 ± 18.1 30.8 ± 14.9  
DHA(μg/ml) 78.3 ± 20.6 85.4 ± 17.7  
EPA/AA 0.16 ± 0.11 0.20 ± 0.10  

Table 1. Basic parameters of participants.

Figure 1. Blood glucose levels of young men when 50 gms of glucose or sucrose were 
administered [Different marks show statistical significance of p<0.05].
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of decrease in body weight and mortality.

We recently reported [8] that there were big age differences in 
glycemic index when glucose or sucrose were given to young and aged 
men.

To study effects of various dietary prescriptions on body weight or 
mortality, we must know gender differences in foods uptakes and plasma 
factors such as glucose, insulin levels, or lipids levels in healthy people.

Figure 2. Blood glucose levels of young women when 50 gms of glucose or sucrose were 
administered [Different marks show statistical significance of p<0.05].

Figure 3. Blood glucose levels after the administration of glucose to young men and 
women.

Lipids Male Female
0min. 120 min. 0 min. 120 min.

Control Glucose Sucrose Control Glucose Sucrose
HDL-Chol.(mg/dl) 61.0 ± 11.7 65.9 ± 11.6 63.9 ± 9.1 58.5 ± 12.0 66.3 ± 7.9 70.1 ± 10.1 62.3 ± 7.5 65.4 ± 5.2
LDL-Chol.(mg/dl) 104.6 ± 24.4 98.6 ± 27.2 104.3 ± 25.2 99.7 ± 17.0 88.9 ± 15.8 88.5 ± 17.0 78.3 ± 12.0 95.5 ± 13.4
T-Chol.(mg/dl) 174.4 ± 25.5 175.9 ± 29.0 176.5 ± 27.1 165.6 ± 19.8 171.3 ± 20.9 175.4 ± 24.0 157.3 ± 15.8 176.1 ± 17.8
TG(mg/dl) 75.1 ± 31.9 83.9 ± 39.0 60.4 ± 26.6 63.5 ± 22.9 58.7 ± 19.7 53.1 ± 20.0 48.2 ± 12.7 56.3 ± 25.5
Dihomo-gamma-linolenic acid(μg/
ml)

34.4 ± 8.3 36.2 ± 9.5 34.3 ± 8.6 32.1 ± 6.8 27.9 ± 6.9 27.9 ± 6.7 25.2 ± 7.6 30.7 ± 6.4

Arachidonic acid(μg/ml) 170.3 ± 38.4 177.7 ± 33.4 175.0 ± 42.9 158.8 ± 38.0 159.9 ± 26.3 162.2 ± 20.3 148.9 ± 25.1 165.1 ± 30.1
EPA(μg/ml) 27.5 ± 18.1 27.0 ± 14.5 24.9 ± 15.2 27.5 ± 22.7 30.8 ± 14.9 30.5 ± 13.5 28.5 ± 14.7 31.2 ± 17.1
DHA(μg/ml) 78.3 ± 20.6 82.6 ± 21.6 77.2 ± 22.0 73.0 ± 20.5 85.4 ± 17.7 89.3 ± 14.5 82.7 ± 18.9 86.2 ± 19.4
EPA/AA 0.16 ± 0.11 0.16 ± 0.09 0.15 ± 0.09 0.17 ± 0.12 0.20 ± 0.10 0.19 ± 0.08 0.20 ± 0.10 0.19 ± 0.11

Table 2. Lipids levels after the administration of glucose or sucrose to young men and women.

Figure 4. Blood glucose levels after the administration of sucrose to young men and 
women [Different marks p<0.05, glucose vs. sucrose].

Figure 5. AUC of insulin levels of men or women who took glucose or sucrose [MGlucose: 
Men who took glucose; MSucrose: Men who took sucrose; FGlucose: Women who took 
glucose; FSucrose: Women who took sucrose; Men: Glucose n=6, Sucrose n=7; Women: 
Glucose and Sucrose n=12].
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Oba et al. [19] reported the relationship among dietary glycemic 
index, glycemic load and carbohydrate uptakes and the risk of 
mortality from strokes and indicated that the hazard ratios increased in 
high dietary GI in women. On the other hand, Fan et al. [20] reported 
that gender significantly modified the effects of glycemic index and 
glycemic load on cardiovascular risk, and high glycemic load level 
was associated with higher risk of cardiovascular disease in women, 
but not in men. It has been recognized that diet plays a major role in 
increasing the risks of cardiovascular diseases. Dietary GI and dietary 
GL are used to evaluate the glycemic properties of the diet. The dietary 
GL was shown by Nurses Health Study to be associated with the risk of 
cardiovascular disease [21] and later with hemorrhagic stroke [22] and 
these associations were shown to be the most evident in overweight 
women in both studies. Later, similar findings for CVD risk have been 
reported in several, but not all studies [23-25].

These controversial results may have been obtained because basic 
studies of age or gender differences were not well performed. For example, 
GI of sucrose is theoretically 50% of glucose for all the populations. But 
our results [8] indicated that GI in response to sucrose was 82% compared 
with that of glucose in young men and 73.6% in older men.

In the present research, we showed that GI of sucrose in young 
men was not significantly different from GI of glucose in men, but 
GI of sucrose in young women was 67.8% of GI of glucose. We used 
substances of distinct structures such as glucose or sucrose which 
has 50% of glucose in the structure. Even substances of such distinct 
structure were used GI was different depending upon age and gender 
of persons who took such substances.

We should study more precisely roles of sex and ages in the 
determinations of GI. In Japan, there are larger numbers of type 2 
diabetes mellitus (T2DM) patients in men than women. National 
Survey of Health and Nutrition 2015 in Japan indicated that the 
number of T2DM patients are 15.5% in men and 9.8% in women [25]. 
Probably higher sensitivity to insulin upon sucrose and sweet beverage 
as shown in the present research may be one of the reasons.
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