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Abstract 
Glycemic index (GI) was developed to categorize dietary carbohydrates 
based on their overall effect on postprandial blood glucose. Low GI foods 
demand a lower insulin response compared to high GI foods. This is expected 
to decrease the incidence of insulin resistance, the development of obesity, 
and hypertension, which are risk factors for diabetes and cardiovascular 
disease. Hence, it was recommended to add GI as a valid methodology 
complementing other dietary aspects that need to be applicable to both 
genders. In this study, we aimed to investigate the effect of gender difference 
on GI in healthy, normal BMI males and females. Healthy, non-smoking 
adults age between 18 -35 years of normal BMI, were recruited. Subjects 
were included following initial screening using a structured questionnaire 
and blood tests to exclude diabetes, dyslipidemia, and/or hypertension 
cases. A standard 50 g glucose tolerance test was performed for two visits 
for each sugar (glucose and sucrose). Blood was collected at fasting, then 
at 15,30,45,60,90,120 min after the sugar consumption and the area under 
the curve was calculated. A total of 11 men and ten women were included in 
the study after excluding prediabetics and participants with abnormal liver 
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enzymes. The mean GI for the whole sample was 69. A distinctive difference 
between males and females was noticed in the GI and the response curve. 
For males, the GI for sucrose was 77, and the response curve peaked at  
30 min, followed by a sharp decline below baseline at 2h. On the other hand, 
the  GI for females was 60, and the curve peaked at 45 min. In conclusion, 
our study showed that there is a clear difference in GI between men and 
women. A larger study is needed to clarify this further and prove or disprove 
the need for separate GI lists for men and women.

Introduction
The risk of non-communicable diseases (NCDs) like 
obesity, type 2 diabetes mellitus, and cardiovascular 
disease is on the rise. One of the contributing factors 
is unhealthy dietary food habits especially increased 
intake of highly refined carbohydrates.1 After 
digestion of ingested carbohydrates, it is absorbed 
from the small intestine, and glucose, the main 
dietary component, is transported to the liver via the 
portal vein. In healthy persons, plasma glucose levels 
are maintained within a narrow range in between 
meals. The rate of glucose entering the circulation 
and the rate of glucose leaving are tightly regulated, 
so that change according to the food supply, with 
the liver playing a major role in this regulation.2  

In general practice, individuals were advised to eat 
more complex carbohydrates (i.e., polysaccharides) 
rather than a simple one. It was assumed that 
starchy foods would lead to smaller increases in 
blood glucose than sugary foods.3 Nevertheless, 
it was later found that the glycemic response 
for complex carbohydrates varies considerably. 
Therefore, the concept of glycemic index (GI) was 
developed in 1981 by Jenkins and co-workers in 
order to categorize dietary carbohydrates based on 
their overall effect on postprandial blood glucose 
concentration relative to a referent carbohydrate, 
generally pure glucose.4 Low GI foods (GI≤55 on 
the glucose scale) are digested slowly and release 
glucose gradually into blood, giving rise to low 
blood glucose peaks, which demand a lower insulin 
response compared to high GI foods (GI≥70 on the 
glucose scale).5 This is expected to decrease the 
incidence of insulin resistance and the development 
of risk factors such as obesity, and hypertension, the 
key factors responsible for the development of type 
2 diabetes mellitus, and cardiovascular diseases.6 
Indeed, studies have shown that consumption of 

low GI diets decreases obesity,7-9 lower the risk of 
diabetes type 2, reduces insulin resistance, and risk 
of coronary heart diseases.3, 6

Recognizing its importance, several International 
Tables of Glycemic Index were developed and 
updated over the years.10-12 Indeed, there has 
been some discussion as to the necessity of 
including GI in dietary recommendations,13 and the 
International Scientific Consensus Summit from 
the International Carbohydrate Quality Consortium 
(ICQC)14 recommended that Glycemic index 
(GI) should be included as a valid methodology 
complementing other dietary aspects so that low GI 
diets are recommended for prevention and treatment 
of diabetes, heart disease and obesity.

However, more recently, there have been few reports 
on the effect of age, body mass index (BMI), and 
gender on GI.15-18

Therefore, if GI is to be used, it is important to confirm 
that the published GI of the food is applied to both 
genders, as well as across age and BMI spectrum.
Hence, in this study, we aimed to investigate the 
effect of gender difference on GI in healthy, normal 
BMI, young individuals of both genders.

Methods
Research Design and Selection of Participants
The study design was based on recognized 
international methodology.5, 19, 20 Accordingly,  
a sample size of 35 individuals was aimed to ensure 
that at least 10 males and 10 females were included 
in the final calculation of the GI. All experimental 
procedures were approved by the "Biomedical Ethics 
Research Committee" of King Abdulaziz University 
(KAU) Reference No 211-19.16, 17
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Healthy, non- smoking, adults (18 - <35 years of age), 
of normal weight, were recruited, by announcement 
and personal contact, from the staff and student 
population of KAU, in addition to their relatives and 
friends. They were screened for suitability before 
final inclusion.

All subjects were provided with a written informed 
consent form, and each subject consented to provide 
all the needed information to undergo drawing blood 
by signing the form. 

To ensure suitability, volunteers underwent an 
interview based on a structured questionnaire 
(initial screening), which included questions on 
eating habits, and medical and family history 
of the participants. Volunteers were excluded if 
they were smokers, reported having a history of 
dysglycemia, were using any medication other 
than oral contraceptives, undergoing any specific 
diet, and/or suffering from any illnesses or diseases 
or food allergies. Based on the outcome, suitable 
participants were asked to come the next morning 
while fasting for at least 10 hours. Blood samples 
were obtained in citrate tubes for measurements of 
plasma glucose, and in plain tubes for estimation 
of serum lipid profile and liver function tests.  
The Subject was then given a fixed meal, prepared 
by the research team, and consisting of a cheese 
sandwich and a juice box equivalent to 75 gm of 
glucose, and a 2-hour postprandial blood sample 
was taken for measurements of glucose.  In addition, 
weight, height, and blood pressure measurements 
were obtained. Body mass index (BMI) was 
calculated by the equation: weight (kg)/ height (m)2

Participants were excluded if they were under or 
overweight (BMI <18.5 or > 24.9), showed abnormal 
fasting and/or 2 hr postprandial blood sugar 
according to the American diabetes association 
guidelines,21 abnormal liver function tests according 
to the Saudi reference interval,22 dyslipidemia 
according to international guidelines,23, 24 and /or 
abnormal blood pressure according to the Joint 
National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure 
(JNC) VII report.25

Study Procedure for GI Estimation
The procedure was based on recommendations 
from a review of methodologies.5 Participants were 

requested to come for 4 visits on 4 separate days 
(2 to 3 days apart). The night before each visit, 
participants were instructed to eat their regular meals 
and then to fast for at least 10 hours overnight. 
Subjects were also instructed to avoid any unusual 
levels of food intake or physical activity before each 
visit.

On arrival, a peripheral IV cannula was inserted 
by a trained phlebotomist for blood extraction. 
Two fasting blood samples were first collected  
(0 min and 5 min). After the second fasting sample 
was obtained, participants were served with a glucose 
solution containing 50 gm of pure glucose (Trutol 50, 
Thermo Fisher Scientific, USA) in the first two visits, 
and a solution containing 50 gm of sucrose (Al Osra 
Pure white cane sugar, United Sugar Company, 
KSA) in the next two visits. Blood samples were 
collected at 15,30,45,60,90,120 minutes after the 
sugar consumption. All blood samples were collected 
in citrate tubes, and obtained plasma was stored  
at - 80 0C until time of analysis. Following biochemical 
estimations, curves representing changes in plasma 
glucose level following the ingestion of glucose and 
sucrose were constructed for each participant, and 
the area under each curve (AUC) was calculated. 
The average (± standard deviation-SD)  areas under 
the curve for males and females were calculated 
based on the recommended methodology.5

Biochemical Assays
Serum and plasma samples were analyzed in the 
Clinical Chemistry laboratory unit at the ‘‘National 
Guard Hospital’’ in Jeddah. Plasma glucose, total 
serum cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C) and triglycerides (TG) levels, 
as well as liver enzymes, were measured by 
spectrophotometric methods using ABBOTT, 
Architect c8000 auto-analyzer. LDL-C was calculated 
using the Friedewald equation.26

Statistical Methods
Statistical analysis was carried out using SPSS; 
version 21 released June 2018. Descriptive 
statistics were calculated for all measured and 
estimated parameters and were presented as  
mean ± SD. Demographic, biochemical, and clinical 
characteristics of male and female participants were 
compared using an independent student’s t-test.
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The incremental area under the curve (AUC) for 
glucose and sucrose was calculated for each 
participant using GraphPad Prism 8, then averaged 
for all males and all females separately. Incremental 
Area Under the curve (iAUC) was calculated 
according to the recommendation of the Food and 
Agriculture Organization (1998)27 and the glycemic 
index methodology5 using the following 2 equations.

iAUC between 2 time points = (Gx+Gx+1)/2 X  
(Tx-1 -Tx) and 

Where Gx is the Glucose concentration at a time 
point, Gx+1 is the Glucose concentration at the next 
time point, Tx-1 -Tx is the time interval between two 
glucose readings, Ax is the AUC for the specific time 
interval. Areas below baseline were excluded from 
the calculation. Glycaemic Index was calculated 
for each subject by dividing their incremental area 
under the curve for sucrose by the incremental area 

under the curve of the reference sugar (Glucose) 
and multiply by 100 

GI = iAUC of light sugar / iAUC of Glucose X 100

The average (±SD) GI was calculated for the whole 
study sample and for males and females separately.
Unpaired Student’s T-test was used to compare 
means of measured GI between males and females.

Results
A total of 35 apparently healthy adults were recruited 
initially. However, following anthropometric and 
blood pressure measurements, five were excluded, 
leaving 30 volunteers (16 male and 14 female). 
Following biochemical analysis, two were found to 
be prediabetic, one had elevated liver enzymes, 
and samples from 6 subjects were incomplete and 
had to be excluded. Therefore, a total of 11 men 
and 10 women were included in the study. The 
characteristics of studied males and females are 
presented in Table 1.

Table 1: Demographic, anthropometric, clinical and 
biochemical characteristics of studied subjects

	 Male (N=11)	 Female (N=10)	 Total (N=21)	 P-Value
	 (mean ±SD)	 (mean ±SD)	 (mean ±SD)	 Males vs Females

Age (years)	 21.6 ± 2.6	 22.8±5.8	 22.2 ± 4.3	 0.510
BMI (Kg/m2)	 23.2 ± 1.5	 23.5 ± 1.3	 23.4 ± 1.4	 0.585
SBP (mmHg)	 126 ± 13	 116 ± 9	 121 ± 12	 0.040
DBP (mmHg)	 72 ± 10	 72 ± 5	 72 ± 8	 0.934
FPG (mmol/L)	 4.2 ± 0.3	 4.1 ± 0.2	 4.1 ± 0.2	 0.250
PBG (mmol/L)	 3.9±1.0	 4.0±1.0	 4±1.02	 0.987
Total Cholesterol (mmol/L)	 4.1 ± 0.5	 4.2 ± 0.7	 4.2± 0.6	 0.628
Triglyceride (mmol/L)	 0.6 ± 0.1	 0.5 ± 0.2	 0.6 ± 0.1	 0.332
HDL-C (mmol/L)	 1.3 ± 0.1	 1.6 ± 0.2	 1.4 ± 0.2	 0.001
LDL-C (mmol/L)	 2.7 ± 0.4	 2.5± 0.5	 2.6± 0.5	 0.457
Albumin (g/L)	 46.3 ± 2.6	 44.4 ± 2.7	 45.3 ± 2.8	 0.084
AlkP (U/L)	 81.5 ± 17.1	 62.6 ± 18.3	 71.2± 19.9	 0.016
ALT (U/L)	 16.4 ± 8.2	 9.9 ± 2.3	 13.0 ± 6.6	 0.012
AST (U/L)	 23.1 ± 4.9	 22.3 ± 16.0	 22.7 ± 11.8	 0.870
GGT (U/L)	 18.8 ± 11.2	 12.3 ± 6.7	 15.4 ± 9.5	 0.092
BiliT (µmol/L)	 12.1 ± 4.4	 8.9 ± 4.1	 10.4 ± 4.5	 0.075
TP (g/L)	 75.3 ± 4.6	 73.4 ± 5.3	 74.3 ± 5.0	 0.361

BMI: Body mass index, SBP: Systolic blood pressure, DBP, Diastolic blood pressure, FBG: average fasting 
Plasma glucose for the 4 visits, PBG: postprandial glucose,   HDL-C: High-density lipoprotein -cholesterol, 
LDL-C: Low-density lipoprotein -cholesterol, AlkP: Alkaline phosphatase, ALT: Alanine aminotransferase, 
AST: aspartate aminotransferase, GGT: Gamma-glutamyl transferase, BiliT: total bilirubin, TP: Total protein. 
Significant P values are shown in bold font.
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As planned, there was no significant difference 
between means of males and those of females in age 
or BMI.  All biochemical measurements were within 
the Saudi reference interval for normal values,22 with 

the means of alkaline phosphatase, and alanine 
aminotransferase being significantly higher in males, 
and mean HDL-C higher in females as expected. 

Fig.1: Glycemic response curve for the reference sugar (Glucose) and sucrose for all studied 
subjects. The mean GI for the whole sample was 69, with a standard deviation of 30.6.

The average 2 hours plasma glucose response to 
glucose (reference sugar) and sucrose for all the  
21 studied sample is presented in Figure 1 as mean 
±SD at various points.

Studying the difference between the male and 
female responses to glucose and sucrose, it was 
found that the response to glucose was different 
in males compared to females (Figure 2 A & B).  

In males, the response curve for the reference sugar 
(glucose) peaked at 30 minutes, compared to 45 
minutes for females, and showed a sharper decline, 
with blood sugar level declining below the baseline 
by the end of two hours. This caused a smaller 
calculated AUC for the glucose and increased the 
GI to 77 (Figure 2 A), which is much higher than that 
calculated for females of 60 (Figure 2 B).

Fig. 2: Glycemic response curve for the reference sugar 
(Glucose) and sucrose for males (A) and females (B)

To illustrate the difference between genders, the 
GI figures of males, females, and mixed population 
are presented in Figure 3 as mean ± (SD). There 
were great variations between individuals in their 

glycemic response curve to ingestion of either sugar, 
so that following calculation of GI for each subject, 
males, showed a wider range in GI values (SD= 34), 
compared to females (SD= 24).
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Discussion 
In this study, we aimed to investigate whether 
gender difference affects GI in healthy young adult 
men and women of normal BMI. According to 
recommendations,5 only healthy individuals should 
participate in measurements of GI. Therefore, great 
care was taken to ensure health beforethe final 
inclusion of subjects in the study, especially that it 
has been reported that undiagnosed prediabetes 
and type 2 diabetes are detected with high rates 
in our population 28. Since insulin sensitivity and 
glucose tolerance status are reported to influence 
the glycemic response to a food,5 subjects showing 
impaired glucose tolerance (prediabetes), or any 
condition that might affect glucose homeostasis, 
such as liver dysfunction or dyslipidemia, must be 
excluded. Therefore, during screening for suitability, 
fasting and 2 hours postprandial plasma glucose 
were estimated following the ingestion of 75 grams 
of glucose. Only subjects with normal glucose 
tolerance according to the American diabetes 
association guidelines21 were included.  In addition, 
all dyslipidemic subjects, according to international 
guidelines,23, 24 and those with abnormal liver function 
tests according to the Saudi reference interval,22 

were excluded. 

Therefore, even though 35 subjects were originally 
recruited, only 21 remained following detailed 
biochemical analysis. However, the remaining 
number of males and females (11 M and 10 F) were 
sufficient to conduct the study and give a reasonable 
degree of power and precision (80% power at a 
level of P <0•05 -two-tailed) according to a review 
of methodology.5 The same review recommended 

that each subject should be tested at least twice for 
glucose and tested food to obtain two values, and 
their average is used in calculating GI. 

Previous studies indicate that GI is affected by age,15, 

16, 29 gender,15, 30 and BMI.17, 30 In our study, only young 
adults (18 - <35 years of age) of normal weight  
(BMI 18.5- <25) were included to fulfill our aim 
and avoid interference. Despite rigorous selection 
criteria, including laboratory testing, gender 
difference in calculated GI was unmistakable 
our results even though there was no significant 
difference between males and females in age or 
BMI. The calculated GI for sucrose was77 in males, 
60 in females, and 69 for the whole study group. 
Reported values for GI of sucrose varied in the 
literature between 58 and 65,4, 31-34 with one Chinese 
study reported a high value of 84,35 and the value 
for sucrose appearing in readily available GI lists for 
a mixed population of males and females is 65.36, 

37 All reported values were for study populations 
of mixed genders, unspecified age, and BMI, and 
a varying number of studied subjects, as well as 
methodology, which would explain the difference in 
the reported values. However, similar to our findings, 
studies of Japanese subjects16, 30 reported lower 
glycemic index in females. In our study, higher 2-hour 
glucose levels were noted in women following the 
ingestion of glucose, while blood sugar level in men 
declined below the baseline by the end of two hours 
in most of the subjects, as well as the calculated 
average. This difference in the shape of the curve 
between men and women could be explained by 
the reported slower gastric emptying in women 
compared to men,38 and would result in higher GI 
in men since the area under the baseline was not 
taken into account while calculating the area under 
the curve. In addition to the difference in calculated 
average GI for men and women, a large variation, 
represented as SD, between subjects was found. 
Therefore, when conducting a statistical comparison 
between the two GIs, no significant difference could 
be found.  However, the gender difference should 
be acknowledged, and it is advisable to keep this in 
mind when preparing diabetic diets or giving dietary 
advice to obese and diabetic people.  

Our study has many points of strength being 
conducted as recommended by a review of 
methodology,5 and including only healthy individuals 
following rigorous clinical and biochemical testing. 

Fig. 3: Glycemic index of males, females and 
all studied subjects presented as mean ± SD
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Furthermore, only young persons of normal BMI 
were included, thus avoiding their possible effects. 
However, the main limitation was our small sample 
size, which fulfilled recommendations, but was not 
enough to detect statistical significance between 
the two genders.

Conclusion 
In conclusion, our study showed that there is an 
apparent difference in GI between men and women, 
even though the difference did not reach statistical 
significance, most likely due to the small sample 
size. A larger study is needed to clarify this further 
and prove or disprove the need for separate GI lists 
for men and women. 
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