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Abstract: An ageing population brings with it the need for public policy to respond to the demands
and health needs of this group of people. The ageing process has been shown to be associated with
changes in body composition. These mainly concern a decrease in muscle mass and an increase
in body fat. Body composition and other indicators of nutritional status are important factors
differentiating carbohydrate management. Glycaemic index (GI) values may be affected by differences
resulting from individual metabolism. The rate of carbohydrate digestion is also influenced by a
number of factors, including the degree to which the product is processed, the structure of the starch,
and the presence of protein, fat and dietary fibre. Available studies do not provide information on the
glycaemic response following the consumption of specific products by older people with varying BMI
and body composition. Therefore, the aim of this study was to evaluate the effect of the body mass
index (BMI) values of women aged 50–80 years on the glycaemic response after eating vegetarian
meals and the influence of selected indices of nutritional status on their GI values. It has been shown
that the areas under the glycaemic curves after the consumption of the tested foods, both traditional
and modified, are higher in the group of overweight and obese women. Nevertheless, the GI of
meals consumed by those with a BMI ≥ 25.0 kg/m2 is lower than that of foods consumed by women
with normal values of this index. In the group of women with BMI 18.5–24.9 kg/m2, on the basis
of an analysis of the obtained correlations, it was observed that the GI value of modified products
depends on the percentage of body fat (FM%) (p = 0.0363) and the percentage of fat free mass (FFM%)
(p = 0.0363), and, in the case of traditional products, also on the percentage of total body water (%)
(p = 0.0133). In the group of women with a BMI ≥ 25.0 kg/m2, significant correlations were only
found between the GI of modified foods and the waist-to-hip ratio (WHR) (p = 0.0363) and the ratio
of waist circumference to height (WHtR) (p = 0.0369) indices. The GI values of food set solely with
the participation of young, healthy people should not be the basis for the nutrition planning of all
groups of people.

Keywords: glycaemic index; BIA; age; body composition; vegetarian meals

1. Introduction

According to the World Health Organization, ageing is a biological process that begins
at conception and ends at death. This process involves many changes in body composition
which are not always reflected in body weight or body mass index (BMI). Our body size is
an individual characteristic depending on the age of the individual. It is also influenced by
genetic and environmental factors related to lifestyle (physical activity, diet, stress, use of
stimulants, interpersonal contacts). There is increasing evidence in the literature showing a
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correlation between body composition and metabolic health [1,2]. Indicators such as BMI
or waist and hip circumferences are often used to assess nutritional status, but they do not
provide information about an individual’s metabolic health [3]. In fact, the relationship
between body composition and disease risk is a more complex process, depending on the
proportion of fat and muscle and their distribution in the body. As we age, the percentage of
body fat increases, while the percentage of muscle and bone tissue decreases. Furthermore,
the location of body fat in specific areas of the body (android or gynoid obesity) increases
the risk of specific diseases. An increase in fat mass (FM), particularly in the abdominal
area, may increase the incidence of cardiovascular disease, diabetes or other metabolic
diseases. It is generally accepted that a change in body composition is a consequence of
an abnormal energy balance. An excess of energy supplied to the body leads to weight
gain, whereas too little energy supply leads to weight reduction. However, it should be
borne in mind that, among the elderly, these changes often occur in the absence of weight
fluctuations [4–6].

As we grow older, the diet and the body’s need for nutrients, vitamins and minerals
also change. This is due to a number of changes associated with ageing. Some people
experience a reduced intake of food, which may be a consequence of a loss of appetite, taste,
smell, dental problems or the occurrence of chronic diseases. In addition, the absorption
of nutrients from food is also reduced. The living environment is also important and can
further exacerbated nutritional deficiencies [4].

Age and body weight are also important factors differentiating carbohydrate manage-
ment. It is commonly believed that glucose tolerance decreases with age. Studies by Basu
et al. have shown that age and gender affect insulin secretion, resulting in significant differ-
ences in the regulation of postprandial glucose metabolism in men and women and in older
and younger individuals [7,8]. Higher glucose uptake per kilogram of muscle mass was
observed in older women compared to that in young women [7]. Yates and Laing found a
positive correlation between fasting glucose concentration and age in women; however,
this correlation was not significant in men [9]. Among individuals with normal fasting
glucose levels, impaired glucose tolerance occurs mainly in elderly, obese or sedentary
individuals [10]. The likely reason for this is the increased percentage of body fat in these
individuals. Research by Hrubeniuk et al. has proven that physical effort improves glucose
tolerance [11]. Its decrease with age results from reduced motor activity; however, impaired
insulin secretion is actually the result of the ageing process itself [12]. Moreover, the use of
aerobic exercise in the elderly has a beneficial effect on the reduction in abdominal adipose
tissue, contributing to lower the fasting glucose concentration and improved sensitivity of
tissues to insulin [13,14].

Research conducted by DeNino et al. [15] proved that the content of visceral and
subcutaneous fatty tissues increased with age. The experiment was attended by 178 women
without obesity, who were classified into four age groups (group I—28 ± 4 years; group
II—46 ± 2 years; group III—53 ± 2 years; and group IV—67 ± 6 years). Within the
subcutaneous adipose tissue, surface and deep tissues were distinguished. In groups
III and IV, the surface area of both types of adipose tissue was significantly larger than
that in group I. Despite the progressive increase in visceral adipose tissue with age, a
decrease in insulin sensitivity was found only in women aged >60 years. In addition, the
oldest women observed 28% lower glucose consumption compared to those in the other
groups. The reason was reduced insulin action in women approximately 10–15 years after
menopause [15].

The most characteristic disorder of carbohydrate metabolism during the ageing period
is a gradual increase in the value of fasting and post-meal insulinisation. This suggests that
ageing is a process accompanied by the development of tissue insulin resistance [16]. The
impact of ageing on carbohydrate management is very complex. The interaction of many
factors related to these processes may contribute to the deterioration of glucose tolerance.
These include decreased physical activity, excessive body weight, the consumption of
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certain drugs, the co-occurrence of many diseases and age-related complex disorders of
mechanisms controlling glycaemic homeostasis [11,17].

For this reason, several nutritional assessment systems such as GI, GL and glycaemic
equivalents have been proposed. These measures are derived from the area under the
glycaemic curve obtained at 2 h after the ingestion of the food product and the reference
solution. Systematic studies have shown that both GI and GL are stronger predictors of
postprandial glucose and insulin levels than carbohydrate content alone [18,19]. However,
there is wide variability in the postprandial response within and between individuals.

The increased interest in the glycaemic index (GI) and glycaemic load (GL) of foods is
due to the association of these indices with chronic diseases [13]. The values of the glycaemic
index (GI) of products and foods, and thus the glycaemic response after consumption,
vary. A number of factors influenced the rate of carbohydrate digestion and release of
its enzymatic decomposition products. They are related to, among others, the degree to
which the product is processed, the type of thermal treatment, the profile of carbohydrates
contained in them, the structure of starch, the temperature of a meal and its consumption
rate as well as the presence of other nutrients, such as proteins, fats and dietary fibre in
addition to organic acids and anti-nutritive components [13,20–27].

Conditions closely related to disorders of carbohydrate metabolism are insulin resis-
tance and diabetes mellitus. The results show that low-GI rations can improve the health of
people with type 2 diabetes. Meals characterised by low GI values reduced post-prandial
hyperglycaemia as well as insulin response among patients. A low-GI diet can also help
restore tissue insulin sensitivity while reducing medication doses [28–30]. Knowledge of
the dynamics of the postprandial glycaemic response is important in nutrition manage-
ment, diabetes research, nutritional care of patients and self-management. In everyday
life, the most important factor influencing the occurrence of hyperglycaemia is food intake.
However, the large variability in the dynamics of glycaemic responses across foods, in
addition to the differences between groups of individuals, necessitates the study of the
glycaemic index (GI) of the same food in different groups of individuals, not only among
people with varying BMIs, but also those with specific disease entities such as diabetes or
cardiovascular disease. Studies determining the GI of foods and dishes have only been
performed with healthy, young, normal weight subjects. What has not been studied is how
specific foods affect postprandial glycaemia among other groups of people. Such measures
can greatly facilitate the non-pharmacological treatment of, e.g., obesity or diabetes. This is
especially important for diabetic patients who need to ensure tight glycaemic control to
reduce diabetic complications. In the prevention of hyperglycaemia, information about the
height and timing of the postprandial glucose peak in diabetic patients who depend on
exogenous insulin to reduce postprandial glycaemia is important [31].

This information is also important for the large population of pre-diabetic individuals,
as these patients may benefit from a lower glycaemic response profile to halt the develop-
ment of diabetes [32]. In order to maintain control over the post-food reaction, knowledge
of the metabolic effect of different foods in individuals is required. The predictor, which is
often used in everyday life to predict postprandial glycaemia, is the carbohydrate content.
However, there are large differences in the extent to which different sources of carbohy-
drates increase blood glucose levels: many studies have shown that the consumption of
food containing equal portions of carbohydrate, and even the consumption of exactly the
same food, produces distinctly different glycaemic responses [33–35].

In the scientific literature, studies demonstrating the effect of a low GI diet on selected
anthropometric parameters and indicators of nutritional status of the body can be found.
A study by Bai et al. [36] found that higher values of BMI and waist circumference were
associated with an increased risk of type 2 diabetes among older people. However, data on
the effect of nutritional status of the body on the glycaemic response after the consumption
of specific foods and products are lacking.

Therefore, the main aim of this study was to evaluate the effect of the body mass
index (BMI) values and body composition indices of women aged 50–80 years on glycaemic
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responses after the consumption of selected vegetarian dishes based on traditional and
partially modified recipes. It should be noted that the study group consisted of women
who had not been diagnosed with diabetes or other diseases that may affect carbohydrate
metabolism. In this study, vegetarian dishes were used, which are characterised by their
ease of preparation, low production costs and high organoleptic qualities. In addition, a
diet that excludes meat products has health-promoting benefits such as reducing the risk
of metabolic syndrome [37]. The novelty and value of the study is that it was carried out
among older people with a different BMI and body composition. The results obtained
indicate the need for, and may be the basis for, further research into predicting glycaemic
response in different groups of people, taking into account their personal characteristics.

2. Materials and Methods
2.1. Characteristics of Persons Participating in the Study

Participants in the study were people who attended the University of the Third
Century in Wroclaw. Before starting the recruitment, participants were presented with the
objective and the next steps of the study. In case of doubt, any interested person could ask
questions. The study was approved by the Bioethics Committee at the Medical University
of Wrocław (KB-848/2021).

Participants wishing to participate in the studies had to meet the following criteria:

• Age of 50–80 years;
• Good health in self-assessment;
• No special diets and preference for varied dietary rations;
• No medication influencing carbohydrate metabolism;
• Moderate physical activity (no competitive sport);
• Non-smoker;
• Overnight 10 h fasting prior to the study;
• To agree in writing to participate in the study.

In order to check whether the volunteers met the criteria for entering the study, each
person was asked to complete a questionnaire consisting of questions about their health
status, medication use, physical activity, use of stimulants and eating habits (24 h interview
repeated three times before the study). In the next stage, fasting glucose was measured with
the Accu-Chek Softclix automatic lancetractor (Roche Diagnostics, Rotkreuz, Switzerland)
and Accu-Chek Active glucose meter (Roche Diagnostics, Rotkreuz, Switzerland). Indi-
viduals who initially qualified for the study but whose fasting blood serum glucose levels
exceeded 99.0 mg/dL were excluded from this study (15 individuals). Based on the obtained
data, 33 subjects were excluded from this study. The study involved 84 women who were
divided into two groups depending on their BMI value (group with BMI 18.5–24.9 kg/m2

and group with BMI ≥ 25 kg/m2). Although the study was conducted with human partici-
pants, the study group may appear small. Nevertheless, it follows the guidelines in the
methodology and is considered reliable and commonly used in studies of the glycaemic
indexes of products and foods [38,39]. A diagram of the recruitment process is shown in
Figure 1.

Anthropometric measurements were taken to assess the nutritional status of the study
participants. Body composition was analysed using the bioelectrical impedance method
with an Accuniq BC380 medical device (Daejeon, Korea) with a built-in scale and equipped
with an ultrasonic body height meter. Parameters such as height, body weight as well as
fat mass, fat free mass, muscle mass, total body water, intracellular and extracellular water
content were determined during the study.

This study was conducted under fasting conditions without shoes, top clothes, metal
items, and after taking an upright posture. Body weight was measured on an empty stom-
ach, with an accuracy of 0.01 kg, and the height was measured with an accuracy of 0.1 cm.
In addition, on the basis of the obtained parameters, the BMI was calculated, expressing the
quotient of body weight (kg) and square of body height (m2). Waist circumference (midway
between the iliac crest and the terminal line of the ribs) and hip circumference (in the widest
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part at the level of the vertebral body) were measured with the use of anthropometric tape
SECA (Germany; MDD 93/42 EEC certified EU standard for medical devices) with an
accuracy of 0.1 cm, in a standing position. For each participant, the WHtR value (ratio
of waist circumference to height—expressed in cm) and the WHR index (ratio of waist
circumference to hip circumference—expressed in cm) for subjects with BMI ≥ 25.0 kg/m2

were calculated. The persons participating in the study were informed to continue their
eating habits and physical activity during the study. The characteristics of the surveyed
persons are presented in Table 1.
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Table 1. Characteristics of the persons examined (n = 84).

Parameter BMI 18.5–24.9 kg/m2

(n = 41)
BMI ≥ 25.0 kg/m2

(n = 43)
p

Median Q1; Q3 Median Q1; Q3

Age (years) 65.0 63.0; 66.0 64.0 63.0; 67.0 0.518

Body weight (kg) 60.2 55.5; 63.3 74.9 71.2; 78.4 <0.001

Height (m) 1.61 1.55; 1.64 1.54 1.55; 1.60 0.070

Waist circumference (cm) 79.0 77.0; 80.0 92.0 89.0; 97.0 <0.001

Hip circumference (cm) 95.0 93.0; 98.0 107.0 102.0; 110.0 <0.001

WHR - - 0.88 0.84; 0.92 -

WHtR 0.49 0.47; 0.51 0.59 0.55; 0.62 <0.001

Fat mass (%) 34.4 31.2; 37.6 44.2 41.4; 45.9 <0.001

Fat free mass (%) 65.6 62.4; 68.8 55.8 54.1; 58.6 <0.001

Muscle mass (%) 40.0 35.7; 42.8 34.7 33.2; 37.9 0.006

Total body water (%) 49.9 48.0; 51.3 44.4 43.1; 46.7 <0.001

Extracellular water (%) 49.2 47.3; 51.5 49.2 46.5; 50.6 0.245

Intracellular water (%) 50.8 48.5; 52.7 50.8 49.4; 53.5 0.245
Values represent the median of the variables in each group and values for the 25th and 75th quartiles in a given
group (Q1; Q3); red colour indicates statistically significant differences in the values of selected nutritional status
indices in relation to BMI values (p < 0.05).

2.2. The Tested Meals

Vegetarian dishes—namely dumplings with potato and curd cheese stuffing, curd
cheese dumplings and pancakes with curd cheese—were selected for this study. These are
dishes that are very popular not only in Poland but also in other countries. These dishes
are characterised by their high organoleptic qualities, low cost of production and ease of
preparation, which is why they are popular not only among those who exclude meat from
their diet. Dumplings with potato and curd cheese stuffing and curd cheese dumplings
are mainly prepared as dinner dishes, while pancakes with cheese can be a breakfast dish
or dessert. Therefore, the results of the present study can be used in nutrition planning of
different societies.

Each dish was prepared in two variants: the first assumed the preparation of dishes
according to a traditional recipe (T) using ingredients typical for the dish. The second
assumed a partial modification of the composition by replacing plain wheat flour (type 471)
with whole grain wheat flour (type 1630) (M). The other ingredients of the recipe were
not changed. All the dishes were prepared independently in the catering laboratory
of the Department of Human Nutrition at Wrocław University of Environmental and
Life Sciences.

2.3. Nutritional Value of the Tested Meals

In order to assess the nutritional value of the tested dishes, each was prepared accord-
ing to a specific recipe and then homogenised. In the samples prepared as such, the dry
matter, ash content, energy value, protein, fat and dietary fibre content were determined.
The content of carbohydrates assimilable in portions of the examined dishes was calculated
by subtracting the content of ash, fat, protein and dietary fibre from the dry matter content.
The energy value of the tested dishes was determined using the Rosenthal method [40].
The determination of water and dry matter content, total ash, protein, fat and dietary
fibre was performed using standard Association of Official Analytical Chemists (AOAC)
methods [41]. Each analysis was performed in triplicate. The nutritional value and weight
of the served dishes containing 50 g of assimilable carbohydrates is shown in Table 2.
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Table 2. Nutritional value and weight of the tested meals.

Dumplings
with Potato
and Curd

Cheese
Stuffing

Dumplings
with Potato

and
Curd Cheese

Stuffing

Curd
Cheese

Dumplings

Curd
Cheese

Dumplings

Pancakes
with Curd

Cheese

Pancakes
with Curd

Cheese

T M T M T M

Fat
(g/100 g) 3.8 3.7 3.2 4.1 8.5 8.6

p 0.005 0.002 0.006

Protein
(g/100 g) 5.0 5.4 10.5 14.1 10.5 10.8

p 0.002 <0.001 0.006

Assimilated
carbohydrates

(g/100 g) 19.9 18.1 24.3 25.8 24.3 22.6

p 0.001 0.008 0.001

Dietary fibre
(g/100 g) 1.0 2.4 0.8 2.9 0.8 2.5

p <0.001 <0.001 0.002

Energy value
(g/100 g) 123.8 118.0 161.2 182.3 192.0 194.1

p 0.018 0.020 0.017

Served portion
(g) 264.0 322.1 215.0 217.0 215.0 246.0

p 0.068 0.084 0.072

T—traditional version meals; M—modified version meals; the fat, protein, fibre, and energy contents are the
average of three repetitions; statistically significant differences in the value of selected nutritional value parameters
for traditional and modified dishes are marked in red (p < 0.05).

2.4. Method for Determining the GIs of Meals

Tests of GIs of food were performed according to ISO/FDIS 26642:2010 Food
products—Determination of the glycaemic index (GI) and recommendation for food classi-
fication and according to the procedures recommended by FAO/WHO [38,39].

The day before the test, the test subjects were asked to reduce alcohol consumption,
caffeinated drinks and intense physical activity. Each examination was preceded by a 10 h
night fast.

The determination of the GI determination of the tested foods began with the de-
termination of glycaemic curves after the consumption of a reference glucose solution
consisting of 50 g of crystalline glucose dissolved in 250 cm3 of boiled water (the solution
was served in transparent disposable containers). Glucose concentrations in capillary blood
drawn from the finger were measured at fasting and then 15, 30, 45, 60, 90, and 120 min
after the start of the consumption of the standard solution, which had to be consumed
within 5–10 min. Blood glucose concentrations after the ingestion of the glucose solution
were measured twice. The first measurement was taken at the beginning of the study and
the second at the end of the experiment. The study was considered completed when the
participant consumed the food prepared according to the traditional recipe (T) and the
modified recipe (M).

The same was done for the tested dishes. GI marking of dishes took place in the
morning, on weekdays. Volunteers were served a portion of a dish containing 50 g of
assimilable carbohydrate and then blood glucose levels were determined at the same
intervals as the glucose solution. The meals were prepared at the study site on the same
day and served to the volunteers in white disposable dishes. Each dish had to be consumed
within 10–15 min.

Each tested dish was consumed by a group of at least 13 people. It was also assumed
that a person consuming a dish prepared according to a traditional recipe (T) must also
consume a dish prepared according to a modified recipe (M). At the start of the study, each
participant first consumed a dish prepared according to the traditional recipe (T) and then



Int. J. Environ. Res. Public Health 2022, 19, 9918 8 of 19

a modified dish (M). In the fasting subjects, capillary blood from the fingertip was collected
using an Accu-Chek Softclix automatic puncture machine (Roche Diagnostics, Rotkreuz,
Switzerland). After each blood drop collection, the blood glucose level was measured
with the Accu-Chek Active glucose meter (Roche Diagnostics, Rotkreuz, Switzerland). The
results were entered into a measurement sheet prepared for each participant and then
entered into MS Excel 2013.

For each of the subjects, after the consumption of food and glucose, the areas under
the glycaemic curves were graphically calculated by dividing them into triangles and
trapeziums. Negative field values under glycaemic curves were not used for calculations.
The food’s GI was determined by dividing the surface area under the curve obtained for
the food tested by the surface area obtained for the glucose solution and multiplying the
obtained result by 100.

2.5. Statistical Analysis

Statistical evaluation of the results obtained was carried out using STATISTICA version
13. 1 EN (StatSoft, Tulsa, OK, USA). The Shapiro–Wilk test was used to test the normal dis-
tribution of variables. In most cases, the data did not show normal distribution; therefore,
the results were presented using the median and lower and upper quartiles. To test the
materiality of differences in the results that were not characterised by normal distribution,
a Box–Cox transformation was used. This transformation was to transform variables with
diagonal distribution into variables with normal distribution. The Mann–Whitney U test
was used to examine the differences in anthropometric parameters and body composition.
To show statistically significant differences between the values of indices in the traditional
and partially modified versions, the Student’s t-test for independent groups was used. Dif-
ferences in GIs and glycaemic responses after the consumption of traditional and modified
dishes depending on the BMI value were determined by one-factor analysis of variance
(ANOVA) Tukey’s test for different N. The coefficient of variation (CV) values of glycaemia
after 2-fold consumption of the reference solution did not exceed 19% (CV < 30% required).
To assess the relationship between the GI of traditional and modified meals in groups of
subjects with different BMI and anthropometric and body composition parameters, scatter
plots were used.

3. Results
3.1. Glycaemic Responses after Consumption of the Reference Glucose Solution and the
Tested Meals

After analysing the glycaemic responses after the consumption of the examined meals,
differences were observed in the rate of increase and decrease in blood glucose concen-
tration, as well as in its maximum concentration. After the consumption of the reference
solution, the increase and decrease in blood glucose concentration was faster and more
intensive than after the consumption of the examined dishes (Figure 2, Tables 3–5).

Figure 2 shows the glycaemic response curves after the ingestion of a standard glu-
cose solution by women aged 50–80 years characterised by different BMI values. The
highest blood glucose values during the 2 h test were observed in the group of women
with BMI ≥ 25.0 kg/m2. Blood glucose concentrations in this group of women were also
significantly higher at 30, 45, 60 and 90 min of the test in comparison to participants with
correct BMI values.

Table 3 shows median glycaemic responses during the 2 h after the consumption of
dumplings with potato and curd cheese stuffing, prepared in two recipe versions. The
highest glycaemic response was observed at 45 min of the test, regardless of the version of
the dish and the BMI of the participants. The modification of the recipe of the test dishes
contributed to a lower glycaemic response after consumption. Glucose concentrations at
45, 60 and 120 min of the test, were significantly lower compared to the glycaemic response
after the consumption of traditional dishes. This difference was observed, both in the group
of women with a normal BMI and in the group with BMI ≥ 25.0 kg/m2. The modification
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of formulas contributed to a significant decrease in the field under the glycaemic curves in
both groups of people (BMI 18.5–24.9 kg/m2: 2550.0 vs. 1590.0 j2 and BMI ≥ 25.0 kg/m2:
2898.7 vs. 2467.5 j2). Among women with BMI ≥ 25.0 kg/m2, the field under the glycaemic
curve after the consumption of the modified product was significantly higher compared to
the field obtained in the group of people with a normal BMI (p = 0.002).
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Table 3. Blood glucose concentration (mg/dL) of the study participants within 2 h after the consump-
tion of dumplings with potatoes and curd cheese stuffing prepared according to the traditional and
partly modified recipes.

Time (min) BMI 18.5–24.9 kg/m2 BMI ≥ 25.0 kg/m2
p-BMI T p-BMI M

T
n = 14

M
n = 14

p T
n = 14

M
n = 14

p

Me
(Q1; Q3)

Me
(Q1; Q3)

Me
(Q1; Q3)

Me
(Q1; Q3)

0 88.0
(84.5; 89.5)

88.5
(86.0; 90.5)

0.001 96.5
(90.0; 98.5)

95.5
(89.5; 99.0)

0.001 0.011 0.059

15 99.0
(94.5; 105.5)

90.5
(89.0; 100.5)

0.107 107.5
(102.5; 112.5)

102.5
(97.0; 105.0)

0.319 0.073 0.037

30 114.0
(109.5; 117.5)

109.0
(100.0; 114.5)

0.069 126.0
(121.0; 136.0)

121.5
(109.5; 127.0)

0.108 0.010 0.018

45 124.5
(116.5; 135.0)

112.5
(105.5; 123.5)

0.001 130.5
(121.5; 142.0)

129.5
(115.0; 135.5)

0.001 0.247 0.013

60 121.5
(111.0; 130.0)

112.0
(102.5; 128.0)

0.001 128.5
(118.5; 144.0)

124.0
(116.5; 131.5)

0.001 0.307 0.059

90 109.0
(100.5; 116.0)

109.0
(99.0; 118.5)

0.840 118.0
(111.0; 133.0)

112.5
(108.0; 123.0)

0.510 0.073 0.338

120 99.0
(95.0; 100.0)

97.5
(92.5; 103.5)

0.001 106.0
(100.0; 116.0)

104.5
(100.0; 112.0)

0.001 0.048 0.095

Area under
the curve (j2)

2550.0
(1839.4; 3474.4)

1590.0
(1098.8; 2758.1)

0.001 2898.7
(2422.5; 3682.5)

2467.5
(1886.2; 3041.2)

0.047 0.075 0.002

Values represent the median of the variables in each group, values provided in brackets represent values for the
25th and 75th quartiles in a given group (Q1; Q3); T—traditional version meals; M—modified version meals;
p-BMI T/p-BMI M—p-value of traditional/modified versions of meals after consumption by persons with different
BMIs (p < 0.05). Statistically significant differences are marked in red.
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Table 4. Blood glucose concentration (mg/dL) of the study participants within 2 h after the consump-
tion of curd cheese dumplings prepared according to the traditional and partly modified recipes.

Time (min) BMI 18.5–24.9 kg/m2 BMI ≥ 25.0 kg/m2
p BMI T p BMI M

T
n = 14

M
n = 14

p T
n = 15

M
n = 15

p

Me
(Q1; Q3)

Me
(Q1; Q3)

Me
(Q1; Q3)

Me
(Q1; Q3)

0 95.5
(94.0; 97.0)

97.0
(94.5; 98.0)

0.001 97.0
(94.0; 97.5)

98.0
(97.0; 99.0)

0.001 0.824 0.066

15 125.5
(112.5; 130.0)

104.0
(101.0; 107.5)

0.001 120.0
(114.0; 129.0)

105.0
(102.5; 110.5)

0.001 0.622 0.177

30 138.5
(129.0; 142.0)

116.5
(109.5; 118.5)

<0.001 139.5
(134.0; 144.5)

117.5
(113.0; 122.0)

<0.001 0.578 0.149

45 137.5
(125.5; 148.0)

121.5
(119.0; 125.0)

0.001 131.5
(127.5; 145.5)

127.0
(119.0; 127.5)

0.001 0.996 0.227

60 128.0
(118.0; 134.5)

123.0
(116.5; 130.5)

0.001 123.5
(119.5; 130.5)

127.0
(121.5; 132.0)

0.001 0.759 0.169

90 113.0
(103.0; 119.5)

114.5
(111.0; 121.5)

0.403 115.0
(110.0; 119.00

121.0
(115.0; 125.0)

0.095 0.644 0.089

120 102.0
(98.5; 109.5)

105.0
(101.5; 113.0)

0.413 100.0
(99.5; 105.5)

115.0
(108.0; 118.5)

<0.001 0.429 0.027

Area under
the curve (j2)

2797.5
(2396.2; 3671.2)

2047.5
(1560.0; 2296.9)

0.001 3247.5
(2160.0; 3607.5)

2497.5
(2013.7; 2748.7)

0.002 0.002 0.082

Footnote as in Table 3.

Table 5. Blood glucose concentration (mg/dL) of the study participants within 2 h after the consump-
tion of pancakes with curd cheese prepared according to the traditional and partly modified recipes.

Time (min) BMI 18.5–24.9 kg/m2 BMI ≥ 25.0 kg/m2
p BMI T p BMI M

T
n = 13

M
n = 13

p T
n = 14

M
n = 14

p

Me
(Q1; Q3)

Me
(Q1; Q3)

Me
(Q1; Q3)

Me
(Q1; Q3)

0 95.0
(90.0; 97.0)

93.0
(88.0; 98.0)

0.715 95.0
(92.0; 98.0)

97.0
(96.0; 99.0)

0.076 0.443 0.024

15 110.0
(105.0; 120.0)

102.0
(93.0; 104.0)

0.003 110.0
(104.0; 130.0)

102.0
(100.0; 108.0)

0.003 0.403 0.170

30 125.0
(115.0; 135.0)

105.0
(103.0; 108.0)

0.003 130.0
(115.0; 140.0)

111.0
(109.0; 123.0)

0.003 0.337 0.019

45 129.0
(115.0; 132.0)

114.5
(109.0; 119.0)

0.004 134.0
(125.0; 138.0)

125.0
(118.0; 128.0)

0.044 0.068 0.017

60 119.0
(110.0; 121.0)

114.0
(110.0; 119.0)

0.003 124.0
(113.0; 134.0)

118.0
(110.0; 125.0)

0.003 0.215 0.441

90 110.0
(103.0; 115.0)

107.0
(97.0; 114.0)

0.338 110.0
(106.0; 123.0)

110.0
(105.0; 118.0)

0.455 0.222 0.163

120 101.0
(99.0; 106.0)

99.0
(91.0; 103.0)

0.003 102.0
(100.0; 111.0)

100.0
(100.0; 110.0)

0.003 0.274 0.061

Area under
the curve (j2)

2122.5
(1972.5; 2827.5)

1462.5
(1185.0; 2403.7)

0.003 2625.0
(2032.5; 3116.2)

1672.5
(1147.5; 1935.0)

0.002 0.008 0.012

Footnote as in Table 3.
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Median blood glucose concentrations during the 2 h after consumption of curd cheese
dumplings in the traditional and modified versions are shown in Table 4. The consumption
of traditional curd cheese dumplings by the test participants resulted in the highest glucose
concentration at 30 min of the test. The highest glycaemic response after the consumption
of the modified product, in the group of women with normal BMI, was observed at
60 min of the test. Among overweight and obese participants, the highest glucose levels
were recorded at 45 and 60 min of the test (127.0 mg/dL). Regardless of the participants’
nutritional status, the modification of the ingredients in the recipe of curd cheese dumplings
contributed to lower glycaemic responses at 15, 30, 45 and 60 min of the test. In contrast, it
was shown that a BMI ≥ 25.0 kg/m2 had a significant effect on glucose levels at 90 min
of the test. This relationship was not observed in the group of women with normal BMI.
Analysis of the data showed that BMI only significantly affected glucose concentrations
at 90 min of the test and only for the modified product (p = 0.027). Modification of the
product formulation, in each of the study groups, contributed to a reduction in the area
under the glycaemic curves. It was also shown that, after consuming the traditional version
of the dish, the field under the glycaemic curve was significantly higher among people
with BMI ≥ 25.0 kg/m2 (p = 0.002).

Table 5 shows median blood glucose concentrations after the consumption of pancakes
with curd cheese in the traditional and modified versions by the examined groups. In each
of the study groups, the highest blood glucose levels after the consumption of pancakes
with cheese in the traditional and modified versions were observed at 45 min of the study.
Regardless of the BMI values of the study participants, the modification of the recipe
of pancakes contributed to a significant reduction in the glycaemic response after their
consumption (except for the measurement at 90 min) and a decrease in the area under the
glycaemic curves. The blood glucose concentration in persons with BMI ≥ 25.0 kg/m2 after
the consumption of the modified version of the dish was significantly higher at the 30th
and 45th minutes of determination in comparison to those in women with normal BMI.

3.2. Values of GIs of the Tested Meals

Table 6 shows the GI values of dumplings with potatoes and curd cheese stuffing, curd
cheese dumplings and pancakes with curd cheese consumed by women aged 50–80 years
old with different BMIs. Based on the obtained results, it was observed that the modification
of the traditional recipes of the studied dishes, involving the replacement of wheat flour
type 471 with whole wheat flour type 1630, significantly influenced the lowering of their
GIs, regardless of the BMI values of the study participants. The nutritional status of the
women, in the case of dumplings with potatoes and curd cheese stuffing and curd cheese
dumplings, was not a factor that significantly reduced the GI value of these dishes. A
significant effect of the BMI on the GI value of the traditional and modified product was
only observed for pancakes with curd cheese (p = 0.002 vs. 0.003, respectively).

Table 6. Glycaemic indices of meals prepared according to the traditional and partly modified recipes.

Meal Type BMI 18.5–24.9 kg/m2 BMI ≥ 25.0 kg/m2 p BMI
T

p BMI
M

T M p T M p

Dumplings with potatoes
and curd cheese stuffing

50.0
(47.1; 53.0)
n = 14

30.8
(21.8; 39.2)
n = 14

0.001 44.4
(32.0; 54.7)
n = 14

34.4
(28.7; 43.3)
n = 14

0.001 0.829 0.226

Curd cheese dumplings 54.9
(47.6; 69.3)
n = 14

38.4
(36.1; 43.5)
n = 14

0.001 44.8
(37.4; 52.3)
n = 15

36.5
(32.9; 48.4)
n = 15

0.001 0.063 0.964

Pancakes with curd cheese 55.5
(45.5; 57.7)
n = 13

35.4
(23.5; 43.2)
n = 13

0.003 35.1
(33.4; 40.4)
n = 14

23.5
(17.2; 27.1)
n = 14

0.003 0.002 0.003

Footnote as in Table 3.
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Figures 3 and 4 show the influence of selected anthropometric indices that significantly
affect the GI of the tested dishes, prepared according to traditional and modified recipes
in a group of women with a BMI of 18.5–24.9 kg/m2. On the basis of an analysis of the
obtained correlations, it was observed that the GI value of modified products depends on
the percentage of body fat (FM%) and the percentage of fat free mass (FFM%), and, in the
case of traditional products, also on the percentage of total body water (%). In the case of
FM, a negative, moderate and significant correlation was observed. This means that higher
GIs were observed in women with lower body fat. It was shown that the GI of the tested
foods decreased with decreasing muscle tissue percentage and, in the case of traditional
products, in addition to the decreasing percentage of total body water content.
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In the group of women with a BMI ≥ 25.0 kg/m2, significant correlations were
only found between the GI of modified foods and the WHR and WHtR indices. These
correlations were low, and positive, suggesting that the nutritional status of the women
participating in the study significantly influenced the increase in GI of the tested foods
(Figure 5).
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4. Discussion

The modification of the recipes of the tested dishes contributed to significant changes
in their nutritional value, especially in terms of dietary fibre content. It was also shown
that the replacement of wheat flour type 471 with whole wheat flour type 1630 significantly
reduced the GI values of dishes consumed by both women with BMI 18.5–24.9 kg/m2

and BMI ≥ 25.0 kg/m2. Glycaemic responses following food consumption in those with
BMI ≥ 25.0 kg/m2 were higher compared to those with a normal BMI. However, the
opposite trend was observed in the GI values of the tested foods. In the group of women
with a normal BMI, the GI of the modified tested foods decreased with a decrease in the
percentage of muscle tissue and, in the case of traditional foods, in addition to a decrease in
the percentage of body water.

In the group of women with a BMI ≥ 25.0 kg/m2, only significant correlations were
found between the GI of modified foods and the WHR and WHtR indices.

Research has been conducted in numerous scientific centres to determine the GIs of
food. The GI values of marked food products and dishes were collected in the form of an
international table [42]. In 2015, a scientific summit was held in Italy, where experts dis-
cussed the controversy over the usefulness of GI and GL. The panel of scientists confirmed
the need to inform the public about GI and GL values, based on national guidelines and
food composition tables [43].

To our knowledge, the GI studies of foods have primarily been conducted with young,
healthy individuals with a BMI within the normal range. The available research results do
not provide information on the glycaemic response after the consumption of specific foods
by older people with varying BMI and body composition.

However, a growing body of scientific evidence suggests that glycaemic responses
to the same foods vary considerably between individuals. In addition to the composition,
preparation and properties of the consumed foods, individuals’ glycaemic responses vary
according to the physiological and genetic variables as well as their microbiome [44,45].
While appreciating the benefits of being guided by the values of GIs when planning diets
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for many diseases, it is justified to continuously expand this base to include dishes popular
in the nutrition of various societies. Additionally, taking into account differences in the
carbohydrate economy of individual people, it seems advisable to carry out this type
of research in different groups of people. In addition, food producers, researchers and
consumers are all looking for new raw materials and methods to compose food recipes
with high health-promoting qualities.

Based on scientific articles highlighting the fact that dietary fibre can contribute to
lowering the GI of dishes [46–48], this study attempted to modify vegetarian dishes. Wheat
flour type 471 was substituted for whole wheat flour type 1630, thereby significantly
increasing the dietary fibre content of the tested dishes (Table 2). Similar treatments were
also used by other researchers. Thondre and Henry [49] conducted an experiment in which
the effect of the addition of 2, 4, 6 and 8 g of barley β-glucans to wheat flat cakes (this dish is
prepared from unfermented dough and is a basic component in Indian cuisine) on their GI
values was tested. It was observed that, as the proportion of β-glucans increased, the GI of
the pancakes decreased. The value of the area under the glycaemic curve after consuming a
portion of bread with 8 g of β-glucans was 47% lower than after consuming bread without
added dietary fibre [49]. Similar relationships were shown in our study (Table 2). After
the consumption of modified foods, glycaemic responses were lower compared to their
traditional counterparts (Tables 3–5). Thus, it was observed that food modification had
a significant effect on lowering the GI values of foods, both among those with a BMI
of 18.5–24.9 and those with a BMI above 25.0 kg/m2 (Table 6). The beneficial effect of
dietary fibre on GI reduction was also demonstrated in studies by Borczak et al. [47] and
Naknaen et al. [48].

Dolna et al. conducted a study to determine the GI value of pancakes with curd cheese
and curd cheese dumplings, among others. Only 14 young, healthy subjects (mean age
26.5 years) participated in this study. The GI values of these dishes were 35.0 and 12.6%,
respectively [50]. The differences between the results of Dolna et al. and our own study are
most likely due to different recipes and differences in metabolic responses between people
of different ages. The ability to regulate blood glucose decreases with age. The decrease in
glucose tolerance is explained by the influence of body fat and physical activity [51,52].

In a study conducted by Gabriely et al. in an animal model, it was observed that
the amount of visceral fat increased with the progressive ageing of rats. The effect of
insulin in ageing rats was significantly impaired. The increase in insulin resistance of fat
tissue, liver and skeletal muscles has been markedly reduced by preventing the increase
in body fat. Moreover, in experimental animals, a decrease in the glucose transporter
GLUT4 concentration in skeletal muscles was observed, and it was considered to be one
of the age-dependent causes of increased insulin resistance [53]. The above observations
are identical to the results of our own research. In fact, it was shown that the glycaemic
responses following food intake by those with a BMI ≥ 25.0 kg/m2 were higher compared
to those with a BMI in the normal range. This is reflected in the values of the areas under
the glycaemic curves—in each case, the areas among overweight/obese individuals are
higher (Tables 3–5).

The progression of postprandial glycaemia and the GI value of a product primarily de-
pends on its physical properties and chemical composition. However, a different glycaemic
response can be observed in each person after eating the same food. This is due to varia-
tions in metabolic rate (e.g., according to age, weight and body composition). In one study,
the body compositions of 220 healthy individuals aged 26–75 years (BMI 18.7–40.4 kg/m2)
were analysed. Visceral adipose tissue content among those aged 26–44 years was signif-
icantly lower than in the group aged 60–75 years. In addition, older people had a lower
subcutaneous adipose tissue content. The study confirmed that the amount of visceral
adipose tissue increases with age, which significantly impairs tissue insulin sensitivity [54].
In our study, it was additionally shown that the WHR value is a factor influencing the GI
values of foods—as the WHR value increased, a significant increase in the GI values of mod-
ified foods was observed (Figure 5). Higher WHR values are indicative of fat accumulation
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in the abdominal region. According to Imbeault et al., fat accumulation in the abdominal
region has the greatest impact on impaired glucose tolerance. In addition, they found
that fasting glucose levels and the area under the glycaemic curve after an oral glucose
load were higher in patients aged 50–70 years [55]. In addition, a study by Sandra Hirsch
et al. showed that there are inter-individual differences in glucose concentrations, even in
healthy individuals. These may be caused by stress, changes in gastrointestinal motility
and absorption rate and sleep deprivation, which reduces insulin sensitivity in healthy
individuals. In addition, the composition of the meal consumed before the experiment or
the degree of chewing can also affect glucose absorption [56,57].

The present study showed that the GI of meals consumed by those with
BMI ≥ 25.0 kg/m2 was lower than that of food consumed by women with normal val-
ues of this index (Table 6). Only the modified version of dumplings with potatoes and
curd cheese stuffing had a higher GI, but this difference was not statistically significant
compared to the value obtained in the group of women with normal BMI (34.4% vs. 30.8%).
The insignificant difference in GI values may be due to the recipe of this dish (low pro-
portion of flour substituted). It was initially hypothesised that, in the group of women
with a BMI > 25.0 kg/m2, the GI values of the tested dishes would be higher than the
GIs determined with women of normal nutritional status. This could also be evidenced
by positive and significant correlations between the GI values of the tested dishes in the
modified version and the values of the WHR and WHtR indices (Figure 5). On the other
hand, it was noted from the results that the areas under the glycaemic curves after the
consumption of the tested dishes, both traditional and modified, are higher in the group of
overweight and obese women. However, the GI values of these foods are lower than in the
group of women with normal BMI. This is due to the fact that women with an abnormal
body weight had a significantly higher glycaemic response after consuming the standard
solution (Figure 2). This is a factor that, according to the GI formula, significantly affects
the final GI value. Zakrzewski et al. conducted a study involving normal weight and
obese girls. Its purpose was to compare, in these two groups of subjects, the glycaemic
response after consuming high- and low-GI breakfast meals. Peak blood glucose levels
were significantly higher after eating high-GI meals, but only in the group of obese girls
(p = 0.023). Such relationships were not observed in the group of girls with normal body
weight (p > 0.05). Additionally, the AUC after obese subjects consumed high-GI breakfasts
was 13% greater than after consuming low-GI meals (p = 0.006). The area was only 4%
greater in the normal weight group (p = 0.072) [58]. Additionally, in the present study,
glucose levels after the consumption of tested foods were higher in the group of subjects
with a BMI ≥ 25.0 kg/m2 (Tables 3–5). This relationship applied to both traditional and
modified versions of dishes.

The weakness of the article is the lack of a group of people aged 50–80 years with
a BMI < 18.5 kg/m2. When recruiting people for research, the authors were looking for
people with low BMI, but no one with such parameters came forward. The lack of people
with BMI < 18.5 kg/m2 was probably due to the fact that the people recruited for the study
were students of the Wroclaw Universities of the Third Age. These were most often people
who actively participated in various types of activities offered by universities, as well as
in the life of their families. Research by Zielińska-Więczkowska et al. has shown that
students of the Third Age universities are overwhelmingly satisfied with their lives. The
quality of life of these people (age: 55–81 years) was stable and satisfactory [59]. Significant
differences in the quality of life on a physical scale between the students of the Third
Age universities (to their advantage) and the elderly who did not undertake such a form
of activity were shown in the studies by Kozieł and Trafiałek [60]. Research also shows
that older people who are satisfied with their lives are more likely to be overweight and
obese than those who are in a negative mood. The second group of people is more often
characterised as undernourished [61]. When planning the study, the authors did not take
into account whether the women were peri- or postmenopausal. Biochemical markers of
insulin resistance and inflammation were also not included in this study. This is a pilot
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study to see whether there are significant relationships between the selected parameters of
nutritional status in older women and the GI values of the meals they eat. As body mass
and body composition have been shown to significantly shape the GI values of meals, in
the next stage, the authors plan a larger study involving both men and women, with blood
biochemical tests and a detailed breakdown of the individuals into different BMI categories
(with a breakdown into overweight groups and different degrees of obesity).

The results of the study can contribute to expanding the existing GI database of foods
and dishes. Knowing the differences in the glycaemic response after the consumption of
the same products by people with different BMI and nutritional status indices, the results
of the study can be a starting point for the creation of tables with the GI values of foods
and dishes for different groups of people.

5. Conclusions

According to the knowledge of the authors, the results of this work are the first to
show the influence of the BMI values of elderly people on the glycaemic response and
thus the GI values of vegetarian dishes. This study showed a beneficial effect of recipe
modification, consisting of replacing wheat flour type 471 with wheat flour type 1630, on
increasing the content of dietary fibre, which significantly shapes the glycaemic response.
The unpredictability of individual glycaemic responses places limitations on the clinical
utility of the GI. Accepting that glycaemic responses are indeed unpredictable and depen-
dent on individual subjects would show a new perspective on the utility and limitations of
the GI. This should encourage scientists to investigate the causes of the internal differences
in AUC in order to refine the test procedures to minimise the differences. Overall, while GI
is a valuable parameter, its use in the absence of knowledge of a person’s specific glycaemic
response is imperfect. Due to the confirmed differences in the glycaemic responses of
individuals after eating the same food, it is advisable and necessary to carry out similar
studies in different groups of individuals. This may facilitate the non-pharmacological
treatment of people with nutrition-dependent diseases and contribute to their prevention.

Author Contributions: Conceptualisation, E.R. and M.B. (Monika Bronkowska); methodology, E.R.,
M.B. (Maciej Bienkiewicz) and M.H.; formal analysis, E.R., M.B. (Maciej Bienkiewicz) and R.G.; investi-
gation, E.R., M.B. (Maciej Bienkiewicz), R.G., M.B. (Monika Bronkowska) and E.P.; resources, E.R., E.P.
and M.H.; data curation, E.R., M.B. (Maciej Bienkiewicz), R.G. and E.P.; writing—original draft prepa-
ration, E.R., M.B. (Maciej Bienkiewicz), R.G., M.B. (Monika Bronkowska), E.P. and M.H.; writing—
review and editing, E.R. and M.B. (Maciej Bienkiewicz); visualisation, E.R., M.B. (Maciej Bienkiewicz),
R.G. and M.H.; supervision, E.R., M.B. (Maciej Bienkiewicz) and M.B. (Monika Bronkowska). All
authors have read and agreed to the published version of the manuscript.

Funding: The APC was co-financed by Wroclaw University of Environmental and Life Sciences.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and by the Bioethics Committee at the Medical University of Wrocław (KB-848/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Oh, Y.H.; Choi, S.; Lee, G.; Son, J.S.; Kim, K.H.; Park, S.M. Changes in Body Composition Are Associated with Metabolic Changes

and the Risk of Metabolic Syndrome. J. Clin. Med. 2021, 10, 745. [CrossRef] [PubMed]
2. Pi-Sunyer, X. Changes in body composition and metabolic disease risk. Eur. J. Clin. Nutr. 2018, 73, 231–235. [CrossRef] [PubMed]
3. Gaesser, G.A.; Jones, J.M.; Angadi, S.S. Perspective: Does Glycemic Index Matter for Weight Loss and Obesity Prevention?

Examination of the Evidence on “Fast” Compared with “Slow” Carbs. Adv. Nutr. 2021, 12, 2076–2084. [CrossRef] [PubMed]
4. Frenzel, A.; Binder, H.; Walter, N.; Wirkner, K.; Loeffler, M.; Loeffler-Wirth, H. The ageing human body shape. NPJ Ageing Mech.

Dis. 2020, 6, 5. [CrossRef]
5. St-Onge, M.P.; Gallagher, D. Body composition changes with aging: The cause or the result of alterations in metabolic rate and

macronutrient oxidation? Nutrition 2010, 26, 152–155. [CrossRef]

http://doi.org/10.3390/jcm10040745
http://www.ncbi.nlm.nih.gov/pubmed/33668451
http://doi.org/10.1038/s41430-018-0320-x
http://www.ncbi.nlm.nih.gov/pubmed/30275524
http://doi.org/10.1093/advances/nmab093
http://www.ncbi.nlm.nih.gov/pubmed/34352885
http://doi.org/10.1038/s41514-020-0043-9
http://doi.org/10.1016/j.nut.2009.07.004


Int. J. Environ. Res. Public Health 2022, 19, 9918 17 of 19

6. JafariNzsabian, P.; Inglis, J.E.; Reilly, W.; Kelly, O.J.; Ilich, J.Z. Aging human body: Changes in bone, muscle and body fat with
consequent changes in nutrient intake. J. Endocrinol. 2017, 234, 37–51. [CrossRef]

7. Basu, R.; Dalla Man, C.; Campioni, M.; Basu, A.; Klee, G.; Toffolo, G.; Cobelli, C.; Rizza, R.A. Effects of age and sex on postprandial
glucose metabolism (differences in glucose turnover, insulin secretion, insulin action and hepatic insulin extraction). Diabetes
2006, 55, 2001–2014. [CrossRef]

8. Basu, A.; Dube, S.; Basu, R. Men are from Mars, women are from Venus: Sex differences in insulin action and secretion. In Sex and
Gender Factors Affecting Metabolic Homeostasis, Diabetes and Obesity. Advances in Experimental Medicine and Biology; Mauvais-Jarvis, F.,
Ed.; Springer: New York, NY, USA, 2017; Volume 1043, ISBN 978-3-319-70178-3.

9. Yates, A.P.; Laing, I. Age-related increase in haemoglobin and fasting plasma glucose is accompanied by a decrease in P-cell
function without change in insulin sensitivity: Evidence from a cross sectional study of hospital personnel. Diabet. Med. 2002, 19,
254–258. [CrossRef]

10. Kelley, D.E.; Goodpaster, B.H. Effect of physical activity on insulin action and glucose tolerance in obesity. Med. Sci. Sports Exerc.
1999, 31, 619–623. [CrossRef]

11. Hrubeniuk, T.J.; Bouchard, D.R.; Goulet, E.D.B.; Gurd, B.; Sénéchal, M. The ability of exercise to meaningfully improve glucose
tolerance in people living with prediabetes: A meta-analysis. Scand. J. Med. Sci. Sports 2020, 30, 209–216. [CrossRef]

12. Reaven, G.M. Age and glucose intolerance. Diabetes Care 2003, 26, 539–540. [CrossRef] [PubMed]
13. Fujie, S.; Hasegawa, N.; Kurihara, T.; Sanada, K.; Hamaoka, T.; Iemitsua, M. Association between aerobic exercise training

effects of serum adropin level, arterial stiffness, and adiposity in obese elderly adults. Appl. Physiol. Nutr. Metab. 2017, 42, 8–14.
[CrossRef] [PubMed]

14. Ha, M.S.; Son, W.M. Combined exercise is a modality for improving insulin resistance and aging-related hormone biomarkers in
elderly Korean women. Exp. Gerontol. 2018, 114, 13–18. [CrossRef]

15. DeNino, W.F.; Tchernof, A.; Dionne, I.J.; Toth, M.J.; Ades, P.A.; Sites, C.K.; Poehlman, E.T. Contribution of abdominal adiposity
to age-related differences in insulin sensitivity and plasma lipids in healthy nonobese women. Diabetes Care 2001, 24, 925–932.
[CrossRef] [PubMed]

16. Bektas, A.; Schurman, S.H.; Sen, R.; Ferrucci, L. Aging, inflammation and the environment. Exp. Gerontol. 2018, 105, 10–18.
[CrossRef]

17. Blake, D.R.; Meigs, J.B.; Muller, D.C.; Najjar, S.S.; Andres, R.; Nathan, D.M. Impaired glucose tolerance, but not impaired fasting
glucose, is associated with increased levels of coronary heart disease risk factors. Results from the Baltimore Longitudinal Study
on Aging. Diabetes 2004, 53, 2095–2100. [CrossRef]

18. Bao, J.; Atkinson, F.; Petocz, P.; Willett, W.C.; Brand-Miller, J.C. Prediction of postprandial glycemia and insulinemia in lean,
young, healthy adults: Glycemic load compared with carbohydrate content alone. Am. J. Clin. Nutr. 2011, 93, 984–996. [CrossRef]

19. Brand-Miller, J.; Buyken, A.E. The glycemic index issue. Nutr. Metab. 2012, 23, 62–67. [CrossRef]
20. Zafar, T.A. High amylose cornstarch preloads stabilized postprandial blood glucose but failed to reduce appetite or food intake in

healthy woman. Appetite 2018, 131, 1–6. [CrossRef]
21. Oba, S.; Nanri, A.; Kurotani, K.; Goto, A.; Kato, M.; Mizoue, T.; Noda, M.; Inoue, M.; Tsugane, S. Dietary glycemic index, glycemic

load and incidence of type 2 diabetes in Japanese men and woman: The Japan public health center-based prospective study. Nutr.
J. 2013, 12, 165. [CrossRef]

22. Meera, K.; Smita, M.; Haripriya, S.; Sen, S. Varietal influence on antioxidant properties and glycemic index of pigmented and
non-pigmented rice. J. Cereal Sci. 2019, 87, 202–208. [CrossRef]

23. Nguyen, N.Q.; Debreceni, T.L.; Burgstad, C.M.; Neo, M.; Bellon, M.; Wishart, J.M.; Standfield, S.; Bartholomeusz, D.; Rayner, C.K.;
Wittert, G.; et al. Effects of fat and protein preloads on pouch emptying, intestinal transit, glycaemia, gut hormones, glucose
absorption, blood pressure and gastrointestinal symptoms after Roux-en-Y gastric bypass. Obes. Surg. 2016, 26, 77–84. [CrossRef]
[PubMed]

24. Amoako, D.B.; Awika, J.M. Polymeric tannins significantly alter properties and in vitro digestibility of partially gelatinized intact
starch granule. Food Chem. 2016, 208, 10–17. [CrossRef] [PubMed]

25. Patterson, M.; Fong, J.N.; Maiya, M.; Kung, S.; Sarkissian, A.; Nashef, N.; Wang, W. Chilled potatoes decrease postprandial
glucose, insulin and glucose-dependent insulinotropic peptide compared to boiled potatoes in females with elevated fasting
glucose and insulin. Nutrients 2019, 11, 2066. [CrossRef] [PubMed]

26. Hodges, C.; Archer, F.; Chowdhury, M.; Evans, B.L.; Ghelani, D.J.; Mortoglou, M.; Guppy, F.M. Method of food preparation
influences blood glucose response to a high-carbohydrate meal: A randomised cross-over trial. Foods 2020, 9, 23. [CrossRef]

27. Sun, L.; Ranawana, D.V.; Tan, W.J.K.; Quek, Y.C.R.; Henry, C.J. The impact of eating methods on eating rate and glycemic response
in healthy adults. Physiol. Behav. 2015, 139, 505–510. [CrossRef]

28. Galarregui, C.; Zulet, M.A.; Cantero, I.; Marin-Alejandre, B.A.; Monreal, J.I.; Elorz, M.; Benito-Boillos, A.; Herrero, J.I.; Tur, J.A.;
Abete, I.; et al. Interplay of glycemic index, glycemic load and dietary antioxidant capacity with insulin resistance in subjects
with a cardiometabolic risk profile. Int. J. Mol. Sci. 2018, 19, 3662. [CrossRef]

29. Wang, M.L.; Gellar, L.; Nathanson, B.H.; Pbert, L.; Ma, Y.; Ockene, I.; Rosal, M.C. Decrease in glycemic index associated with
improved glycemic control among Latinos with type 2 diabetes. J. Acad. Nutr. Diet. 2015, 115, 898–906. [CrossRef]

http://doi.org/10.1530/JOE-16-0603
http://doi.org/10.2337/db05-1692
http://doi.org/10.1046/j.1464-5491.2002.00644.x
http://doi.org/10.1097/00005768-199911001-00021
http://doi.org/10.1111/sms.13567
http://doi.org/10.2337/diacare.26.2.539
http://www.ncbi.nlm.nih.gov/pubmed/12547897
http://doi.org/10.1139/apnm-2016-0310
http://www.ncbi.nlm.nih.gov/pubmed/27897440
http://doi.org/10.1016/j.exger.2018.10.012
http://doi.org/10.2337/diacare.24.5.925
http://www.ncbi.nlm.nih.gov/pubmed/11347756
http://doi.org/10.1016/j.exger.2017.12.015
http://doi.org/10.2337/diabetes.53.8.2095
http://doi.org/10.3945/ajcn.110.005033
http://doi.org/10.1097/MOL.0b013e32834ec705
http://doi.org/10.1016/j.appet.2018.08.028
http://doi.org/10.1186/1475-2891-12-165
http://doi.org/10.1016/j.jcs.2019.03.005
http://doi.org/10.1007/s11695-015-1722-7
http://www.ncbi.nlm.nih.gov/pubmed/25986427
http://doi.org/10.1016/j.foodchem.2016.03.096
http://www.ncbi.nlm.nih.gov/pubmed/27132818
http://doi.org/10.3390/nu11092066
http://www.ncbi.nlm.nih.gov/pubmed/31484331
http://doi.org/10.3390/foods9010023
http://doi.org/10.1016/j.physbeh.2014.12.014
http://doi.org/10.3390/ijms19113662
http://doi.org/10.1016/j.jand.2014.10.012


Int. J. Environ. Res. Public Health 2022, 19, 9918 18 of 19

30. Corte, T.D.; Gentile, S.; Guarino, G.; Satta, E.; Romano, C.; Alfarone, C.; Strollo, F.; Nefrocenter & Nyx Start-Up Research Study
Group. How to make a mix of low glycemic index flours for a good Neapolitan pizza for patients with diabetes. Diabetes Metab.
Syndr. 2020, 14, 459–462. [CrossRef]

31. Miles, J.M. A role for the glycemic index in preventing or treating diabetes? Am. J. Clin. Nutr. 2008, 87, 1–2. [CrossRef]
32. Tabák, A.G.; Jokela, M.; Akbaraly, T.N.; Brunner, E.J.; Kivimäki, M.; Witte, D.R. Trajectories of glycaemia, insulin sensitivity,

and insulin secretion before diagnosis of type 2 diabetes: An analysis from the Whitehall II study. Lancet 2009, 373, 2215–2221.
[CrossRef]

33. Gunnerud, U.; Holst, J.J.; Östman, E.; Björck, I. The glycemic, insulinemic and plasma amino acid responses to equi-carbohydrate
milk meals, a pilot- study of bovine and human milk. Nutr. J. 2012, 11, 83. [CrossRef]

34. Juntunen, K.S.; Niskanen, L.K.; Liukkonen, K.H.; Poutanen, K.S.; Holst, J.J.; Mykkänen, H.M. Postprandial glucose, insulin, and
incretin responses to grain products in healthy subjects. Am. J. Clin. Nutr. 2002, 75, 254–262. [CrossRef] [PubMed]

35. Ranawana, V.; Clegg, M.E.; Shafat, A.; Henry, C.J. Postmastication digestion factors influence glycemic variability in humans.
Nutr. Res. 2011, 31, 452–459. [CrossRef] [PubMed]

36. Bai, K.; Chen, X.; Song, R.; Shi, S. Association of body mass index and waist circumference with type 2 diabestes mellitus in older
adults: A cross-sectional study. BMC Geriatr. 2022, 22, 489. [CrossRef]

37. Amini, M.R.; Shahinfar, H.; Djafari, F.; Sheikhhossein, F.; Naghshi, S.; Djafarian, K.; Clark, C.C.C.; Shab-Bidar, S. The association
between plant-based diet indices and metabolic syndrome in Iranian older adults. Nutr. Health 2021, 27, 435–444. [CrossRef]

38. ISO 26642:2010; Food Products—Determination of the Glycaemic Index (GI) and Recommendation for Food Classification.
International Standards Organisation: Geneva, Switzerland, 2010.

39. Agriculture and Consumer Protection Department, Food and Agriculture Organization of the United Nations. Carbohydrates in
Human Nutrition. In Proceedings of the Joint FAO/WHO Expert Consultation, Rome, Italy, 14–18 April 1997; FAO Food and
Nutrition Paper No. 66. FAO: Rome, Italy, 1997. ISBN 92-5-104114-8.
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